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Maple Syrup Urine Disease (MSUD)



Maple Syrup Urine Disease, defined:

 A metabolic disorder characterized by a deficiency of 

branched-chain α-ketoacid dehydrogenase (BCKD), 

resulting in elevated levels of the BCAA luecine (LUE) in 

the plasma and urine

Untreated, MSUD will result in:

 Severe mental and physical disabilities

 Death within weeks or months of life



History and Overview

 Landmark case studies and research

Menkes, Hurst, and Craig in 1954

 First to observe and describe MSUD

Dancis et al. and Pettit et al. in 1960

 Idenitifed BCKA as the missing enzyme

 Snyderman et al in 1964

 Laid the foundation of nutritional intervention and 

management



History and Overview

MSUD- An autosomal recessive metabolic disorder

• 1 in 176 live births in Mennonite population

• 1 in185,000 live births world wide

• 1 in 560,000 live births in Japan 



BCAA Metabolism

Step 1: Transamination

Step 2: Oxidation

In MSUD the BCKA enzyme complex is missing or deficient



Clinical Phenotypes

1. Classic

2. Intermediate

3. Intermittent

4. Thiamine-Responsive

5. Dihydrolipol Dehydrogenase (E3)-Deficient 

MSUD



Infant 

Screening

Identifies infants with 

blood LEU levels 

above normal

> 61-168 umol/L



 Poor feeding

 Lethargy

 Weight Loss

 Maple sugar/burnt sugar odor in urine

 Neurological deterioriation with alternating hypertonia

and hypotonia

 Encephalopathic crisis

Symptoms

Symptoms will present within days of life and then again 

later in childhood during severe illnesses



Nutrition Therapy for MSUD



Acute Nutritional Management: 

1. Discontinue natural protein.

2. Provide the large amount of calories needed

3. Provide fluids and sodium to treat dehydration, 
reestablish normal perfusion and urine output, and avoid 
hyponatremia.

4. Enteral therapy with special formula that contains all 
required amino acids but is free of the branched chain 
amino acids

5. If neurologically compromised, initiate PN formula with 
no BCAAs

6. Hemodialysis (only as a last resort)



Energy needs:

Infants 120-140kcal/kg/day

Children 80-100kcal/kg/day

Adults 40-45kcal/kg/day

Acute Nutritional Management 



Monitor plasma amino acid concentrations

 When BCAAs reach treatment range
Leucine < 300 umol/L

Isoleucine 300 umol/L

Valine 400 umol/L

1. Add ILE and VAL (100-150 mg/kg/day) to prevent levels 

from dropping too low

2. Add intact protein source to meet essential LEU 

requirements

Acute Nutritional Management 

Recovery goal:

Leucine 175 umol/L

Isoleucine 200 umol/L

Valine 300 umol/L



Goal: Achieve near-normal plasma concentrations of 

BCAAs while providing nutrients necessary for growth

Long Term Nutritional Management 

Limit intake of BCAAs

1. Foods low in LEU

2. LEU-free medical food/formulas

3. Supplementation of ILE and VAL as necessary

BCAA requirements for MSUD are about50-65% of RDIs



Long Term Nutritional Management 

Common Deficiences:

 VAL and ILE

Other amino acids (specifically alanine, 

glutamine, glutamate)

Omega-3 essential fatty acids

 Zinc

 Selenium



Recommended Nutrient Intakes for Infants, Children 

and Adults with MSUD

Long Term Nutritional Management 

Source: Abbott Laboratories



Long Term Nutritional Management 

Resources:

 Food Lists

 USDA website and 

nutrient database

 MSUD-Family 

Support Group

Source: Acosta, Phyllis. Nutrition Management of Patients with Inherited Metabolic Disorders



LEU-free Medical Supplements

†† Source: Mead Johnson Nutritionals Metabolics Guide. Product Information for Health Care Professionals. 

www.meadjohnson.com/metabolics. Accessed on 7/1/02.

‡ Source: Ready Reference: Composition of Medical Foods for Infants, Children, and Adults With Metabolic Disorders. Columbus,

OH: Ross Products Division, April, 2001.

* Source: Nutricia North America, Rockville, MD. 2007

a Source: A Comprehensive Guide to PhenylAde. Randolph, NJ: Applied Nutrition Corp., 2000.

b Source: A Comprehensive Guide to Complex MSUD. Randolph, NJ: Applied Nutrition Corp., 2000.

? Source: Milupa Product Guide, 2004.

× Source: Blend of 20 Pure Form Amino Acids. Jo Mar Labs, 2003.



LEU-free Medical Supplements- Infants

Source: Nutricia, Advanced Medical Nutrition



LEU-free Medical Supplements-

Older Children

Source: Nutricia, Advanced Medical Nutrition



Monitoring

 Plasma amino acid concentrations:

Daily in initial stages

Weekly in first year of life

Monthly during childhood

 Home monitoring

Measure level of ketones in urine 



Outcomes

 With life-long adherence to diet, children with MSUD can 

enjoy a normal, high quality life.
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