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Maple Syrup Urine Disease, defined:

® A metabolic disorder characterized by a deficiency of

branched-chain 0-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

® [ andmark 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
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History and Overview

MSUD- An autosomal recessive metabolic disorder

* 1 in 176 live births in Mennonite population
. I-Efr- ?.EtrEd y I'-Il!]EI;-Jrl:ll?i':-:atrl?'I:I
Mether e 1 in185,000 live births world wide

* 1 in 560,000 live births in Japan
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Unaffected Unaffected "Camker” affected
1n 4chance 2 In 4 chance 11In 4 chance

The Clinic for Special Children
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BCAA Metabolism

Branched-chain amino acids
(valine, isoleucine, leucine)

- Step 1:Transamination

L
Branched-chain c-keto acids

- Step 2: Oxidation

Coenzyme A Derivatives

[

COz2 Glucose Acetoacetate

sitten s Xeiah bk "I:.n'h“d-)

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
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Infant
Screening

Identifies infants with
blood LEU levels
above normal

> 61-168 umol/L

(GGenet Med. Z0046; (3} Supp

Towards a Uniform Screening Panel and System

nsistent with ACMG report - Mewbom Screening

n)

Terminology o
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Symptoms

® Poor feeding

® Lethargy

® Weight Loss

® Maple sugar/burnt sugar odor in urine

o Neurological deterioriation with alternating hypertonia

and hypotonia

o Encephalopathic Crisis

Symptoms will present within days of life and then again

later in childhood during severe illnesses




Nutrition Therapy for MSUD

DIET POWDER

RON FORTIFIED DIET PO s
NO LEUCINE, ISOLE!

OR VALINE

1 LB (454 G)
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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. Ifneurologically compromised, initiate PN formula with
no BCAAs

6. Hemodialysis (only as a last resort)
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Acute Nutritional Management

Energy needs:
Infants 120-140kcal/ kg/ day
Children 80-100kcal/ kg/ day

Adults 40-45kcal/ kg/ day
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Acute Nutritional Management

Monitor plasma amino acid concentrations

® When BCAASs reach treatment range
Leucine < 300 umol/L

Isoleucine 300 umol/L
Valine 400 umol/L

I. 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
Recovery goal:

Leucine 175 umol/L
Isoleucine 200 umol/L
Valine 300 umol/L
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Long Term Nutritional Management

Goal: Achieve near-normal plasma concentrations of

BCAAs while providing nutrients necessary for growth

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
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Long Term Nutritional Management

Common Deficiences:
e VAL and ILE

® Other amino acids (specifically alanine,

glutamine, glutamate)
® Omega-3 essential fatty acids
® /inc

¢ Selenium

™
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Long Term Nutritional Management

Recommended Nutrient Intakes for Infants, Children
and Adults with MSUD

Age Nutrient
ILE "* LEU VAL "* Protein * Energy Fluid
(mg/kg) (mg/kg) (mg/kg) (g/kg) (keallkg) (mLikg)
Infants
Oto=<3ma 36 - 60 60 - 100 42 - 70 3.50-3.00 120 (145 - 85) 150 - 125
Jto=6Bmao 30 - 50 50 - 85 35 - 80 3.50-3.00 115(145-95) 160 - 130
Gto<9ma 25 - 40 40 - 70 28 - 50 3.00-2.50 110 (135 - 80) 145 - 125
9to=12 mo 18-33 30 - 55 21-38 3.00-2.50 105 (135 - 80) 135-120
(mg/day) (mg/day) (mg/day) g/day) (keal/day) (mLiday)
Girls and Boys
Tto=4dyr 165 - 325 275 - 535 180 - 400 = 30.0 1,300 ( 900 - 1800) 800 - 1,800
4dto=Tyr 215-420 360 - 895 250 - 480 = 35.0 1,700 (1300 - 2300) 1,300 - 2,300
Tto<11yr 245 - 470 410 - 785 285 - 550 = 40.0 2,400 (1850 - 3300) 1,650 - 3,300
Women
11to<16yr 330 - 445 550 - 740 385 - 520 = 50.0 2,200 (1500 - 3000} 1,500 - 3,000
15t0<19yr 330 - 445 550 - 740 385 - 520 2 55.0 2,100 (1200 - 3000y 1,200 - 3,000
=19 yr 300 - 450 400 - 620 420 - 650 = 80.0 2,100 (1400 - 2500) 1,400 - 2,500
Men
11te<15yr 325 - 435 540 - T20 375 - 505 = 55.0 2,700 (2000 - 3700y  2,000- 3,700
15t0<19yr 425- 570 705 - 945 495 - 665 = 85.0 2,800 (2100 - 3800) 2,100 - 3,900
=19 yr 575 - T00 800 -1100 560 - 800 = 70.0 2,900 (2000 - 3300) 2,000 - 3,300

K Source: Abbott Laboratories
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Long Term Nutritional Management

Resources:
Table 6.3 Estimation of the LELU Content of Foods .
— . ® Food Lists
i pprax LEL
{mglg protein) Example
Fruila 4 I cup raspherrics = 1.5 g prolein ® USDA WebSIte aIld
L = A0 = 6l g LLEU
Vepetakiles ) Y cup swest pepper = L8 g protein Ilutl‘ient data.base
O = 50 = A ing LEU
Brend, erackers, amd T =z hnm erackers = 1.0 g prolsin :
ather starches TE{I =70 mg LEL s ¢ MSUD _Famlly

1 slice white bread = 2.3 g protein

24 % 70 = 161 mg LEU Support Group

Meal, pouliry, and fish an I oz ham = 5.0 g protein
S Bl = MY g LEU

[hanry procductz 1M1 Y cup milk = 440 g pratein
4 1060 = ME mg LEU

Sowrewr USDA Agriculiural Research Service. Nutrient Data Labosatory. Available st gt
sl sdi oMo Tosdeom plsearcht. Avcesseld Tuly 8, 2008,

Nextvr Thie quick calewulation sl in Table 6.5 may b useld to estimate the LEU content of Tnod
whin specific: LEL information i ot available: this provides= an estimate aaly.




LEU-free Medical Supplements

Maple Syrup Urine
Disease (MSUD)

MsSUD 187 Milupa infants waline- leucine-, and isoleucine-free powdered medical food enriched wy vitamins and
minerals

MSUD Analog @# MUTRICIA infants wvaline-, leucine- and i ine-free powdered medical food

MSUD Diet Powder®++ Mead Johnson infants and children waline-, leucine-, and iscleucine-free diet powdered medical food

Ketonex®-1% Ross infants and teddlers wvaline-, leucine-, and isoleucine-free powdered medical food

BCAD1 @1+ Mead Johnson infants and toddlers waline-, leucine-, and isoleucine-free iron fortified powdered medical food

MSUD 287 Milupa children wvaline-, leucine-, and isoleucine-free powdered medical food enriched w/ vitamins and
minerals

MSUD Maxamaid ® {orangel* MUTRICIA children 1-8 yrs wvaling-, leucine-, and i ine-free powdered medical food

BCAD 2€ (vanilla}t Mead Johnson children and adults wvaline-, leucine-, and i ine-free powdered medical food

Ketonex®-24 Reoss children and adults waline-, leucine-, and iscleucine-free, powdered medical food

MSUD Gel 8= Vitaflo children 1-10 yrs wvaline-, leucine-, and isoleucine-free drink

MSUD Express @= Vitaflo children =3 yrs waline-, leucine- and i ine-free protein suppl nt

MSUD Maxamum ® (orangel* NUTRICIA individuals =3 yrs wvaline-, leucine-, and iseleucine-free powdered medical food

Complex® MSUD {wanillalk

Applied Mutrition

children and adults

waline-, leucine-,

and i ine-free powdered medical food

Acerflex @ (pineapple}*

NUTRICIA

individuals =1 yrs

wvaline-, leucine-,

and iseleucine-free powdered medical food

Complex® MSUD Amingc Acid Bar
{chocolate)b

Applied Nutriticn

individuals =1 yrs

wvaline-, leucine-,

and isoleucine-free medical food bar

Complex® MSUD Aminc Acid Blendb

Applied Nutriticn

children and adults

wvaline-, leucine-,
food

and iscleucine-free amino acid-derived medical powder used to fortify
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LEU-f Medical S | ts- Infant
Nutrition Information: : ¢
— NEWE Ingredients:

Nutrients Per 100 g  Protein Equivalent Vitamins Per 100g  ProteinEquivalent  Com Syrup Selids, High Oleic Safflower
Calories 475 365 Vitamin 4, IU (mcgRE) 1760 (528) 1355 (406)  Oil, Refined Vegetable Oil (Coconut, Say),
Protein Equivalent,g 13 10 VitaminD,IU({mcg)  340(85)  263(65) L-Lysine L-Glutamate, Calcium Phosphate
Fat.g 209 16 VitaminEIU(mg o« TE)  493.3) 37(25) Dibasic, L-Proline, L-Arginine, Glycine,
Saturated,g 68 52 Vitamin K, meg 21 1 L-AsparticAcid, L-Threonine,

oS 73 - L-Phenylalanine, L-Tyrosine, Galactose,
Monaunsaturated, g Thiamine, mcg 500 385 L-Serine, Tripotassium Citrate, L- Histidine,
Polyunsaturated,g 36 28 Riboflavin, mcg €00 462 L-Alanine, Calcium Phosphate Monobasic,
Carbohydrate, g 59 45 Vitamin B, mcg 520 400 Mono and Diglycerides, L-Cystine,
LinoleicAdd, mg 3025 2330 Vitamin B , mcg 125 096 L-Tryptophan, L-Methionine, Sodium
Amino Acids, g Niacin, mcg 4500 3452 Chloride, Magnesium Acetate, Potassium
LAlanine 076 0.58 FolicAcid, meg 8 2 Chloride, Diacetyl Tartaric Acid Esters
LArginine 134 103 Pantothenic Acid, mcg 2600 2000 of Monagiycerides, Ticalcium Ctrate,

: - = L-Glutamine, Choline Bitartrate, M-Inositol,
Lhspatichdd 1 OR5.  Biotin,may 2 2 L- Ascorbic Acid, L-Glutamic Acid, Soy
L-Cystine 049 0.38 Vitamin C, mg 40 31 Lecithin, Calcium Phosphate Tribasic, Ferrous
L-GlutamicAcid 149 115 Chaline, mg 50 38 Sulfate, Zinc Sulfate, Taurine, L-Carnitine,
Glycine 119 0.92 Inositol, mg 100 77 Nicotinamide, DL-Alpha Tocopheryl Acetate,
LHistidine 076 0.58 Minerals Calcium P;ntothenate. Manganese Su.lfahe.
Lisoleucine None None Caldum, mg 600 452 CligricAtTate VEamin A Acutats, Byrcdns

Hydrochloride, Riboflavin, Thiamire Chloride

L-leudne None None Phosphorus, mg 500 385 Hydrochloride, Chromium Sulfate, Potassium
LLysine 138 1.06 Magrnesium, mg 40 3 lodide, Folic Acid, Sodium Molybdate,
L-Methionine 032 0.25 Iron, mg 10 8 Phylloquinone, D-Biotin, Sodium Hydrogen
L-Phenylalanine 0.80 069 Zinc,mg 8 6 Selenite, Vitamin D, Cyanocobalamin.
L-Proline 144 m Manganess, mcg 600 452
L-Serine 0.89 068 Copper, mcg 450 345
L-Threonine 1.00 077 lodine, mcg 47 3%
L-Tryptophan 040 031 Malybdenum, mcg 15 12
L-Tyrosine 0.90 069 Chromium, mcg 15 12
L-Valine None None Selenium, mcg 15 12
LCamitine 0.01 0.01 Sodium, mg (mEq) 120(5.2) 92 (4.0)
Taurine 0.02 0.02 Potassium,mg (mEq)  420(10.8)  323(83)
LGlutamine 0.1 0.08 Chloride, mg (mEq) 200 (82)  223(6.3)




"LEU-free Medical Supplements-
Older Children

Nutrition Information: Ingredients:
Per  Per 10 g Protein Per Per 10 g Protein L-Amino Acids (L-Lysine-L-Glutamate,
Nutrients 100¢g Equivalent  Vitamins 100g Equivalent L-Glutamic Acid, L-Proline, L-Aspartic
Calories 300 56 Vitamin A, IU (mcg RE)) 5200 (1562) 963 (288) Acid, L-Serine, L-Tyrosine, L-Threonine,
Protein Equivalent, g 54 10 VitaminD,IU (mcg)  1310(32.8) 243 (6) L-Phenylalanire, L-Alanine, L-Arginine,
Fat.g None None  VitaminE,IU(mgaTE) 18(12) B3QR) Megnesium-L-Aspartate, L-Histidine,
Carbohydrate,g 21 39 VitaminK,meg 167 31 Mt e Chione,.
AminoAdds, g Thiamine, mg 14 03 =yt ophany, Sugsey Pousselum Pricspha;
Calcium Phosphate, Calcium Carbonate,
L-Alanine 31 057 Riboflavin, mg 2 04 Salt, Cheline Bitartrate, M-Inositol, Ascorbic
L-Arginine 27 050 Vitamin B, mg 15 03 Acid, Ferrous Sulfate, Vanillin, Niacinamide,
L-AsparticAcid 76 141 Vitamin B,_, mcg 3 06 Vitamin EAcetate, Zinc Sulfate,
Cystine 18 0.33 Niacin, mg 24 4 Calcium-D-Pantothenate, Copper Acetate,
LGlutamicAcid 16.0 296  FolicAcid, meg 400 74 Pyridoxine Hydrochloride, Thiamine
Hydrochloride, Riboflavin, Manganese
Syone s o SeninthenicAcd, mg 1 - Sulfate, Vitamin A Acetate, Biotin, FolicAcid
L-Histidine 18 033 Biotin, mcg 300 56 % G RS S g
Potassium lodide, Vitamin K,,Ammonium
L4soleucine None None Vitamin C, mg 80 15 Heptamolybdate, Vitamin D,, Vitamin B _.
LLeucine None None Choline, mg 260 48
ysine 54 1 Inositol, mg 300 56
L-Methionine 18 033 Minerals
L-Phenylalanine 32 0.59 Caldium, mg 1310 243
L-Proline 71 131 Phosphorus, mg 1010 187
L-Serine 4.0 0.74 Magnesium, mg 156 29
L-Threonine 36 067 Iron, mg 15 28
L-Tryptophan 14 026  Zinc,mg 78 14
L-Tyrosine 39 072 Manganese, mg 07 0.1
L-Valine 0 0 Copper,mcg 2000 370
lodine, mcg 120 22
Molybdenum, mcg 32 6
Sodium, mg 640 119
Potassium, mg 1330 245

Chloride, mg




Monitoring

® Plasma amino acid concentrations:
® Daily in initial stages
® Weekly in first year of lite
® 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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