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1. [bookmark: _Hlk527973493]DISEASE-MODIFYING INTERVENTIONS
1.1. ERT (elosulfase alfa) in patients with MPS IVA
	Initiation of long-term ERT with elosulfase alfa at a dose of 2.0 mg/kg/week through intravenous infusion is recommended in all patients with MPS IVA as soon as possible after a confirmed diagnosis
Evidence Grade: B (Level 2 or 3 studies)
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[bookmark: _Hlk517446439]1.2. HSCT in patients with MPS IVA
	Due to lack of evidence, HSCT cannot be recommended for patients with MPS IVA, and at this time, is considered an investigational procedure
Evidence Grade: D (Level 3/4 studies with inconsistent risk/benefit results)
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2. INTERVENTIONS TO SUPPORT RESPIRATORY AND SLEEP DISORDERS
2.1. Respiratory interventions and sleep disorders in patients with MPS IVA
	Continuous positive airway pressure (CPAP) therapy is recommended for patients with MPS IVA who display the presence of obstructive sleep apnoea (OSA) that persists after tonsillectomy and/or adenoidectomy
Evidence Grade: D (Limited published evidence)
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	Non-invasive positive pressure ventilation (NIPPV) therapy is recommended for patients with MPS IVA who display nocturnal hypoventilation and are unresponsive to CPAP, or display daytime hypoventilation with increased PaCO2 and/or serum HCO3 levels
Evidence Grade: D (Level 5 expert clinical opinion)
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	Oxygen supplementation during sleep is recommended for patients with MPS IVA who exhibit sleep apnoea with nocturnal hypoxemia, and who do not tolerate CPAP or NIPPV masks
Evidence Grade: D (Level 5 expert clinical opinion)



	Patients with MPS IVA should be monitored for development of hypercapnia after starting oxygen therapy using measurement of PaCO2 and/or serum HCO3
Evidence Grade: D (Level 5 expert clinical opinion)
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3. ANAESTHESIA AND SURGICAL INTERVENTIONS 
3.1. Anaesthesia in patients with MPS IVA
	Pre-, intra- and post-operative care (until extubation is complete) for all procedures requiring general anesthesia, conscious or deep sedation, should be supervised by an anesthetist with experience in treating patients with MPS and/or complex airway management. In addition, the anesthetist should have access to Intensive Care support and be surrounded by an experienced team capable of performing emergency tracheotomy if required
Evidence Grade: C (Consistent Level 4 studies)
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	A full assessment of the risks and benefits should take place with the patient and family prior to any procedure. All pre-operative information should be made available to allow decision making
Evidence Grade: C (Consistent Level 4 studies)
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	ENT respiratory, cardiac, and radiological assessment should be performed prior to any procedure requiring anesthesia
Evidence Grade: C (Consistent Level 4 studies)

	References
	Evidence Level

	Moores, C., J. G. Rogers, I. M. McKenzie and T. C. Brown (1996). "Anaesthesia for children with mucopolysaccharidoses." Anaesth Intensive Care 24(4): 459-463.
	4

	Walker, R., K. G. Belani, E. A. Braunlin, I. A. Bruce, H. Hack, P. R. Harmatz, S. Jones, R. Rowe, G. A. Solanki and B. Valdemarsson (2013). "Anaesthesia and airway management in mucopolysaccharidosis." J Inherit Metab Dis 36(2): 211-219.
	N/A

	Walker, R. W., M. Darowski, P. Morris and J. E. Wraith (1994). "Anaesthesia and mucopolysaccharidoses. A review of airway problems in children." Anaesthesia 49(12): 1078-1084.
	3

	Tobias, J. D. (1999). "Anesthetic care for the child with Morquio syndrome: general versus regional anesthesia." J Clin Anesth 11(3): 242-246.
	4

	Frawley, G., D. Fuenzalida, S. Donath, J. Yaplito-Lee and H. Peters (2012). "A retrospective audit of anesthetic techniques and complications in children with mucopolysaccharidoses." Paediatr Anaesth 22(8): 737-744.
	3

	Walker, R. W., D. L. Allen and M. R. Rothera (1997). "A fibreoptic intubation technique for children with mucopolysaccharidoses using the laryngeal mask airway." Paediatr Anaesth 7(5): 421-426.
	4

	Bartz, H. J., L. Wiesner and F. Wappler (1999). "Anaesthetic management of patients with mucopolysaccharidosis IV presenting for major orthopaedic surgery." Acta Anaesthesiol Scand 43(6): 679-683.
	4

	Walker, P. P., E. Rose and J. G. Williams (2003). "Upper airways abnormalities and tracheal problems in Morquio's disease." Thorax 58(5): 458-459.
	4

	Walker, R. W., V. Colovic, D. N. Robinson and O. R. Dearlove (2003). "Postobstructive pulmonary oedema during anaesthesia in children with mucopolysaccharidoses." Paediatr Anaesth 13(5): 441-447.
	4

	Geetha, L., M. Radhakrishnan, B. S. Raghavendra, G. S. Rao and B. Indira Devi (2010). "Anesthetic management for foramen magnum decompression in a patient with Morquio syndrome: a case report." J Anesth 24(4): 594-597.
	4

	Theroux, M. C., T. Nerker, C. Ditro and W. G. Mackenzie (2012). "Anesthetic care and perioperative complications of children with Morquio syndrome." Paediatr Anaesth 22(9): 901-907.
	3

	Herrick, I. A. and E. J. Rhine (1988). "The mucopolysaccharidoses and anaesthesia: a report of clinical experience." Can J Anaesth 35(1): 67-73.
	4

	Drummond, J. C., E. J. Krane, S. Tomatsu, M. C. Theroux and R. R. Lee (2015). "Paraplegia after epidural-general anesthesia in a Morquio patient with moderate thoracic spinal stenosis." Can J Anaesth 62(1): 45-49.
	4

	Charrow, J., T. D. Alden, C. A. Breathnach, G. P. Frawley, C. J. Hendriksz, B. Link, W. G. Mackenzie, R. Manara, A. C. Offiah, M. L. Solano and M. Theroux (2015). "Diagnostic evaluation, monitoring, and perioperative management of spinal cord compression in patients with Morquio syndrome." Mol Genet Metab 114(1): 11-18.
	5



	It is critical to maintain a neutral neck position during all surgeries, and during intubation and extubation to avoid paralysis. Strongly recommend the use of techniques that allow maintenance of the neutral neck position, including use of laryngeal mask airway (LMA) for shorter procedures, or intubation with a video laryngoscope or fiberoptic intubation
Evidence Grade: C (Consistent Level 4 studies)
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	Pre-operative and intra-operative measures to avoid hypotension should be adopted during all surgical procedures in patients with MPS IVA to maintain spinal cord perfusion and therefore protect spinal cord function 
Evidence Grade: D (Limited published evidence)
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	Intra-operative neurophysiological monitoring (including SSEP, electromyography [EMG] and motor evoked potentials [MEP]) is strongly recommended during all spinal surgeries and other potentially lengthy or complicated procedures, including those that require manipulation of the head and neck
Evidence Grade: D (Limited published evidence)
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	For other surgeries and procedures, neurophysiologic monitoring should be considered based on pre-existing risk for spinal cord compression and instability, need for spine manipulation, possibility of hemodynamic changes and blood loss, or extended length of time
Evidence Grade: D (Limited published evidence)
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	Intrathecal and epidural techniques are high-risk in patients with MPS IVA and should be avoided wherever possible
Evidence Grade: D (Limited published evidence)
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3.2. Limb surgeries in patients with MPS IVA
	Hip reconstruction can be considered in paediatric patients with MPS IVA who exhibit hip pain, reduced walking and endurance related to hip disease, as well as abnormal radiographic findings
Evidence Grade: D (Limited published evidence)
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	Hip replacement can be considered in adult patients with MPS IVA who exhibit hip pain, reduced walking and endurance related to hip disease, as well as abnormal radiographic findings
Evidence Grade: D (Limited published evidence)
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	Growth modulation surgery is recommended for all patients with MPS IVA who have evidence of genu valgum and should be performed as early as possible during the period of growth 
Evidence Grade: D (Limited published evidence)

	References
	Evidence Level

	White, K. K., A. Jester, C. E. Bache, P. R. Harmatz, R. Shediac, M. M. Thacker and W. G. Mackenzie (2014). "Orthopedic management of the extremities in patients with Morquio A syndrome." J Child Orthop 8(4): 295-304.
	N/A

	Montano, A. M., S. Tomatsu, G. S. Gottesman, M. Smith and T. Orii (2007). "International Morquio A Registry: clinical manifestation and natural course of Morquio A disease." J Inherit Metab Dis 30(2): 165-174.
	4

	White, K. K. (2011). "Orthopaedic aspects of mucopolysaccharidoses." Rheumatology (Oxford) 50 Suppl 5: v26-33.
	N/A

	White, K. K. and T. Sousa (2013). "Mucopolysaccharide disorders in orthopaedic surgery." J Am Acad Orthop Surg 21(1): 12-22.
	N/A

	Cooper, G. A., T. Southorn, D. M. Eastwood and C. E. Bache (2016). "Lower Extremity Deformity Management in MPS IVA, Morquio-Brailsford Syndrome: Preliminary Report of Hemiepiphysiodesis Correction of Genu Valgum." J Pediatr Orthop 36(4): 376-381.
	3

	Williams, N., D. Challoumas and D. M. Eastwood (2017). "Does orthopaedic surgery improve quality of life and function in patients with mucopolysaccharidoses?" J Child Orthop 11(4): 289-297.
	4 (systematic review of Level 4/5 evidence)

	de Waal Malefijt, M. C., A. van Kampen and J. J. van Gemund (2000). "Total knee arthroplasty in patients with inherited dwarfism--a report of five knee replacements in two patients with Morquio's disease type A and one with spondylo-epiphyseal dysplasia." Arch Orthop Trauma Surg 120(3-4): 179-182
	4



3.3. Spinal surgeries in patients with MPS IVA
	Decompression of the spinal cord is recommended in patients with MPS IVA who have evidence of spinal cord compression based on clinical and radiographic findings
Evidence Grade: C (Level 3/4 studies)
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	Spinal stabilisation of the craniocervical junction with either cervical fusion or occipital-cervical fusion is recommended in patients with MPS IVA who have evidence of significant instability
Evidence Grade: D (Limited published evidence)
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	Correction of thoracolumbar kyphoscoliosis is recommended in patients with MPS IVA who present with progressive radiographic deformity, intractable pain and neurological deterioration
Evidence Grade: C (Level 3/4 studies)
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[bookmark: _Hlk517446411]3.4. Ophthalmic surgery in patients with MPS IVA
	While significant corneal clouding is rare in patients with MPS IVA, corneal transplantation can be considered for patients with significant visual loss attributed to corneal opacification
Evidence Grade: D (Limited published evidence)
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3.5. Cardio-thoracic surgery in patients with MPS IVA
	Cardiac (aortic, mitral) valve replacement should be considered in patients with MPS IVA who display symptomatic and severe valve stenosis or regurgitation
Evidence Grade: C (Level 4 studies)
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3.6. Ear, nose and throat (ENT) surgery in patients with MPS IVA
	Tonsillectomy and/or adenoidectomy is recommended for patients with MPS IVA who display recurrent otitis media, snoring and/or OSA as early as possible following diagnosis without waiting for disease progression
Evidence Grade: C (Level 2, 3 and 4 studies)
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	Insertion of ventilation tubes is recommended for patients with MPS IVA with otitis media with effusion and/or recurrent otitis media to maintain hearing and/or prevent recurrent acute otitis media
Evidence Grade: D (Limited published evidence)
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	Tracheostomy is recommended in patients with MPS IVA who do not respond to any of the treatment modalities mentioned above
Evidence Grade: D (Limited published evidence)
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