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= O/ncidence )

= = i

B B 1ih 20,000 1in 4,500
R

S— 1in 20,000 1in 5,300
********* 1in 12,000 C‘k lin 2,600

1in 8000 (Newborn Screening Program; 1376-1389)

1 in 7000 (Newborn Screening Program; 1386 till now based upon
3 provinces)



= Q%creening »

Started in the mid-1960s

Elevated blood PHE; need for a diagnostic work-
up (Not a positive diagnosis)

Started in 1386




Qbcreening
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Glinical evaluation
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PHE intake PHE intake
(ma/ka/day) (mo/day)

Zlassical PKU =1200 pmol/L

Moderate PKU 900-1200 pmol/L | | 20-25 350-400

500-900 pmol/L 25-50 400-600

Mild HPA =5 Mo data
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Hlassification )

Classic PKU: PAH activity < 1%
Plasma PHE > 20 mg/dL
1 of PHE, phenyl pyruvate, phenyl lactate,
phenyl acetate, phenyl acetyl glutamine
| serotonin, epinephrine, norepinephrine, dopamine, GABA

HyperPHE: PAH activity 1-3%
4 > Plasma PHE > 10 mg/dL

BH4 deficiency: PAH cofactor



= Glassification >

Transient HyperPHE: PAH activity > 5%
é > Plasma PHE > 10 mg/dL

Delay in enzyme maturation
6 > Plasma PHE; PHE-restricted diet & f/u




T to 11PHE,

MS/MS NBS on blood spot (flagaed high if PHE n/a n/a
" : >130 (Flagla) __ L
' .
.- Blood PHE tto 11 tto 11 slightly ¢

Blood TYR normal or slightly | normal or low normal

PHE:TYR ratio

Microcephaly

Musty body odor

Decreased pigmentation of skin,
hair, iris




Intellectual disability

Executive function deficits

Neurologic symptoms (e.g.
seizures, tremors)

Behavior problems, attention
deficits




—(1/ntreated...

Vomiting!l!

Irreversible mental retardation (33%),
Neurologic abnormalities (33% mild),

Abnormal electroencephalograms (EEGs) (80%),
Seizures (25%),

Hyperactivity,
Musty odor (due to phenyl acetate),
Eczema
R = . . Permanent mental retardation,
4 Offspring of mothers with :
Microcephaly,
untreated PKU or hyperPHEmia congenital heart defects,

and other anomalies...



_—
= AAuration of PHE-restricted diet )

Until 2000, School age or younger (10-12 y/0)22

Decreased |IQ and poorer school performance...

In case of removing PHE-restricted diet or poor metabolic control:

Neurologic deterioration,

Mental aberrations,

Physical changes in the brain (MRI),
Psychiatric problems
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= AAuration of PHE-restricted diet )

N z The United Kingdom Medical Research
7| N Council Working Party on Phenylketonuria

PHE-restricted diet in infancy if PHE > 6.6 mg/dL + | /NLTYR
2 <PHE < 6 mg/dL: <10y/o
2 <PHE< 8 mg/dL: 10-20y/o
2<PHE<11.6mg/dL: > 20y/o

B Gcrmaon Investigators
PHE-restricted diet if PHE > 10 mg/dL

PHE < 4 mg/dL: < 10y/o
PHE < 10 mg/dL: 10-20 y /o
PHE < 20 mg/dL: > 20y/o



cAuration of PHE-restricted diet

******

*:*:*:*:*:t
******
***********

PHE-restricted diet in neonate if PHE > 10 mg/dL as soon as possible
(ideally at 7-10 d)

2<PHE< 6mg/dL: < 12y/o

2 <PHE< 15mg/dL: >12vy/o

2 < PHE < 10 mg/dL: lack of data
The French

PHE-restricted diet in neonate if PHE > 10 mg/dL

2 < PHE < 6 mg/dL: till 10y/o
PHE < 15 mg/dL: adolescence
PHE < 20-25 mg/dL: adulthood
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=3 = uration of PHE-restricted diet )

Ministry of Health, Iran

2<PHE< 6mg/dL: < 12y/o
2 <PHE< 10mg/dL: >12vy/o




Glinical evaluation >

> 2 mg/dL in <24 hours old neonate™
OR
> 4 mg/dL in >24 hours old neonate™

[* by bacterial inhibition assay of dried blood spot]

4 mg/dL in >24 hours old neonate*




—Rationale of MNT

1) | & maintain lifelong plasma PHE: 2-4hpp PHE: 2-6 mg/dL
2) maintain lifelong plasma TYR in NL range
3) Promote normal growth, development and health status.

PHE TYR

B Joxe ' L ’roduct
substrate \ i s } eciar
accumulativ T - Y

Alternative

ar !
pathways |

Y

C Activation of d Diversion
different to secondary
pathways pathways




Nutritional Goals

GENERALLY: NL growth rate

NL development

NL nutritional status

Prevent catabolism

Prevent /improve behavioral abnormalities,
Prevent EEG changes & neurologic deterioration
Prevent osteopenia, eczema & musty odor



;Cgrowih evaluation )

2006 WHO Child Growth Standards®
[* infants 0-24 mo]

AND

2000 CDC Growth Charts™
[* 2-20 years]

} o®
FTT vs. Overweight
.
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= cXUtritional Goals/plasma AA >

GENERALLY: 2-4hpp PHE: 2-5 mg/dL
2-4hpp TYR: 0.9-1.8 mg/dL

[* by quantitative methods bacterial inhibition assay]

>10 y/o till adulthood: 2-4hpp PHE: 2-8 mg/dL

Adults: 2-4hpp PHE: 2-10 mg/dL

Not always possible
Acceptable local standards...!!
1 or 2 times/week
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@n Case of of PHE deficiency )

GENERALLY: 1 or | plasma PHE
| growth rate (infants and children)
| weight (adults)
| plasma preAlb
Bone changes
Anemiaq,
Generalized aminoaciduria & hypoproteinemia
Mental retardation
Hair loss
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= Gonsequences of PHE deficiency
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=(ADI of PHE, TYR and Protein for PKU

PHE
(mg/day)

PHE
(mg/day)

TYR
(mg/day)

TYR
(mg/day)

TYR
(mg/day)

Protein?

(g/kg/day)

Protein?
(g/day)

Protein?
(g/day)




-

TABLE 1-1. Recommended Daily Mutrient [ntak

Age
PHE ™
Lmgieg |
Infants
bo = i 25 - TD
1 L 20 - 45
15 - 35
10- 35
::r"' ';u'lj E:r':l
Girls and Boys
Tto=dy 200 - 4D
to=Ty 210 - 457
Tto= 11y 220 - 5D
Wormen
11to=

300 - 350

Mutriemt
TYR'
{mgika)

300 - 387

ikcalida

1300 { 800
1,700 (1300
2,400 {

2.200
2.100
2.100 {

2,700 {2
2,800

| for Infants, Children, and Adult

L

= With PEU

Fluid®
{mLkg)

135-120
{mL/day)

=~ Aann 9
2000 -3 7
£ LU i

] 1|-||-|
L, 1

-
2 00 - 3
2 MUY -




Trimester 1

1730-420

135-330

700-2275

700-2275

~EAn-2AA0

1) Protein recommendation for...

2) Protein recommendation > DRI

3) PHE tolerance stability: 2-5 y /o

4) PHE recommendation: based on size (T with age)
I and growth rate (| with age)

5) PHE recommendation: premature infants > full term
6) Pregnant women <19 y > Pregnant women >19 y
/) Nutrient intake during lactation = 3rd trimester of

(;‘C/’deai;; pregnqncy

POINTS:

Protein’
(g/kg/day)

20-140%: DRI for age®

Protein’

(g/day)



= cJjet prescription/Dietary PHE

1) PAH activity...

2) Age

3) Growth rate

4) Heath status

5) Energy intake /protein intake

DEPENDS ON:




= et prescription/Dietary PHE

Diagnostic Plasma PHE Delete Dietary PHE For:
(umaliL) (mg/dL)
240 < 605 4 <10
605 =< 1,210 10 = 20
1,210 = 2 420 20 = 40
=2 420 =40

Plasma PHE Dietary PHE

(pmol/L) (mg/dL) (mgkqg)
< 603 =10 70
=603 to = 1210 =10 to= 20 i)

= 121010 £ 18135 =20 to = 30 33

= 181310 = 2420 =30 to = 40 i

= 2420 = 40 _ 23
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3 = STjiet prescription/Dietary TYR )

Goal: to maintains treatment plasma TYR

In case of plasma TYR deficiency:

Supplemental L-TYR
or
More medical formula/table foods



cFiet prescription/Dietary TYR )

Causes of LOW TYR: 1) Not consuming adequate medical food
2) consuming medical foods prepared

incorrectly with TYR poorly dissolved
3) With increased demands in...




= et prescription/Dietary Protein )

Requirement:

Insufficient protein intake: 1) FTT (infants)
2) Poor growth (children)
3) Weight loss (Adults)
4) | preAlb
5) Osteopenia
6) Hair loss
0 /) | PHE tolerance
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= SJjet prescription/Energy )

Goal: NL weight gain (infants/Children)
NL weight for height (Adults)

Requirement: > RDA; considering hyperactivity

Insufficient energy intake: 1) FTT (infants)

2) Poor growth (children)
3) Weight loss (Adults)
4) | preAlb
5) T plasma PHE
e 7) | PHE tolerance due to ...2!



.= Jjet prescription/Fluid »

Requirement: 1.5 cc (neonate)
1.0 cc (Children; Adults)

Consider: fever I



@ther Nutrients )

Fe: Iron deficiency (Neurotoxicity & 1 Infection)

Ck ferritin & Hb

Ca, VD, protein, other nutrients:

Osteoporosis following bone fracture (Mortality in higher ages)
Ck BMD



——
-
o ——

@ther Nutrients )

Zn: Zinc deficiency

Carnitine: Carnitine deficiency

B 12: Megalobelstic anemia
NL MCV (maybe)

Se: Se deficiency (Cardiac problem, Hypothyroidism & | Immunity)

LCPUFA: In < 1y/o: medical formula/infant formula




= SJiet prescription >




=(FRecommendation & Sources Nutrient Intake

entrations 120

Provid

Provide an additi for infants and children O
ildren and adults if medical

Provide

izl amino acid when PHE

/|




= &5h Case of TYR Deficiency )

Total TYR:

E Iron

Infant Medical
formula Formula

Pure L-TYR
0.5 mg/mL

mixed with fruit purées such as applesauce,
® soups, puréed vegetables, and mashed potatoes.



— Crack of PHE

GENERALLY: There are three methods for keeping track of Phe:

1) Counting milligrams (mg) of PHE;
2) Counting exchanges of PHE;
3) Counting grams (g) of protein.

The two latter, however, are not as detailed and accurate as the
former.

Conversion of the methods is as follows:
1 g protein = 50 mg PHE; (2-9 % PHE/g protein)
1 exchange = 15 mg PHE;
1 g protein = 3.5 exchanges.
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=TOHE Counting/Protein Counting:

2 Thsp
2 Thsp
2 Thsp
2 Thsp
1 Thsp + 1-1/2 tsp
1Tbsp + 1tsp
2 Thsp
1/4 cup
1/4 cup

3 Thsp
1 Thsp + 1 tsp




3 Thsp
3 Thsp
1/2 cup
1/4 cup
1/2 cup
1/3 cup
1/2 cup
1/4 cup
172 cup
3 Thsp
2 Thsp
114 cup

172 cup

1/2 cup

1cup

n

- |



CAfedical Formula:

Now Available In:

~=3ala) oalizit—

COMIDA-PKUB FORMULA » &0 o« G POWD Cream Carzme]

K COMIDA PKU B FORMULA CREAM (CREAM-ORANG-LEMON) 50 .G FOWD §
K COMIDA PKUB FORMULA CREAM (CREAM-ORANG-LEMON) g0 + G POWD

MILK COMIDA PKU B FORMULA a0 ,G POWD

MILK COMIDA PKU B FORMULA » 40 -G POWD

MILK PHENEX -y +£0 0o GPOWD

MILK PKY EXPRESS 146 - VITAFLO- pa G SACHET 14 TROPICALL
MILK PKUEXPRESS 16 -VITAFLO- v G SACHETLEMON |

AMILKPKUEXPRESS 15 - VITAFLO- va G SACHET ORANGE

MILKPRUEXPRESS 16 - VITAFLO- va GSACHET UNFLAVORED
MILKPRUGEL VITAFLO vy G SACHE ORANGE

MILKPRUCEL VITAFLO v GSACKEE ORANCGE o

LILKPRUGEL VITAFLO o¢ G SACHE RASPBERREY f

VLK PEUGEL VITAFLO we GSACHE PASPBERRY

PKUCOOLER y« RED~ yyr ML LIQUID |
VELLOW . wp MLLIQUID

PELCODLER ¢



CHfonitoring: Nutritional Status

Assessment of Clinical Status

Mutrition visit in clinic

(dietary intake and

; e months months months
physical findings,
nutrition counseling,

diet education)

m nutrition
contact

(diet adjustment based "

on blood PHE and TY . monthly
r counseling at clinic :

or by phone/electronic

communication)

- G
Anthropometrics®

(visight, length or
eight, weight for
length or BMI, head
circumference through
36 months and as
indicated)

Quality of lif

Neurocognitive

~

vy 6-1
months

-

monthly




Assessment of Biochemical Status (Routine)

y Once to

Monthly

twice weekly
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Assessment of Biochemical Status (Routine)

Complete amino acid
o] =
profile”

=

As indicated

Transthyretin

(prealbumin) 6-12 months |6-12 months | §-12 months

6-12 months | 5-12 months | 6-12 months
Albumin or total protein | or as or as or as
indicated indicated indicated

Complete blood count | 6-12 months |5-12 months | 6-12 months

Ferritin 6-12 months | 8-12 months | 8-12 months

Vitamin D 25-0OH 6-12 months | 6-12 months | 6-12 months

6-12 months

indicated

6-12 months

6-12 months

6-12 months

Monthly to
per trimeste

Per trimester

Per trimester

Per trimester

Per trimester

6-12 months

2 months

i_ndi-::a ted

6-12 months

6-12 months

6-12 months




Comprehensive
metabolic panel,




DXA scan

(Dual-energy X-ray
absorptiometry)

Ck BMD \ In case of indicationin < 5 y/o Every 2 year if NL
Once in > 10 y/o; if NL: 5 y later;

Every year if abNL
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= Q%ample:

Sex: F

ht: 163
wt: 58

Age: 20 y/o

TAEBLE 1-1. Recommended Daily Mutrient Intakes (Ranges) for Infants, Children, and Adults With PEL

Age

Infants
= 3 mo

LFIFIS Jld DUy s
1to= 4y
4o =Ty
Tto=<11 yr

Wormen

Mutrient
PHE ™ TYR' 'rotei Energy” Fluid®
(mgikg) rngikg) {p'ka] [keslkp) {mL’kg)

[l 300 - 250 2.50 - 2.00 120 {145 - 95] 160

4E 300 - 35D 2.50 - 2.00 120 {145 - 180

15 - 35 250 - 300 a00-250 110 (125 - 80) 145 - 125

R=) = i i . IR l=) e . (pi=

imgiday) {giday) 'giday) (kcal/day) imLiday)

200 - 400 1.72-3.00 =3 } 0 - 1,300
210 - 457 -3.50 3 1.700¢ : ]
220 - 500 5 2.400 {

250-T Ch - > 5 2.200¢

2,100

2700 (2
2002
oo
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= Q%ample:

PHE: 220 mg/d (lower limit of RDI)
TYR: 4500 mg/d (3750-5000 mg)

Pro: 60 g/d

E: 2100 kcal/d (PA: 1.45 due to hyperactivity)
Fluid: 2100 ml/d

TABLE 1-1. Recommended Daily MNutrient Intakes (Ranges) for Infants, Children, and Adults With PELU

Age

Girls and Boys
ito<
4 to
Tho <11 yr

Women

PHE '*
(mgikg)

20 - 45
15 - 2

10 - 35
(mg/day)

200 - 400
210 - 457

220 - 5

Hutriant
TYR' Protain®
[mgikpl {a'kg)

300 - 350 2.50-3.00 120 {1

200 - 357 2.50-3.00 120 {1
250 - 300-25 110 {135

Energy”
[kezlkp)

105 {135

1,300 { B0
1,700 {1200

2.400 {1

2.200¢

s

2. 700 {2

Fluid®
(mLkg)

180 - 125
180 - 130
145 - 125
135-120

{mlLiday)

00 - 1,800




PHE: 220 mg/d (lower limit of RDI)
TYR: 4700 mg/d (3750-5000 mg)
Pro: 60 g/d
E: 2100 kcal/d (PA: 1.45 due to hyperactivity; 1400-2500 kcal)
Fluid: 2100 ml/d

Food Group | Serving PHE_mg TYR_mg Protein_mg | Energy_mg
¢Yele 3 90 60 1.8 90
Fat 3 15 12 0.3 180
Fruit 3 45 30 1.5 180
Vegetable 2 30 20 1 20
Free_A 3 15 12 0.3 195
Free B 10 - - - 550
Low protein 2 30 24 0.2 300
food

- 225 158 5.1 1515
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60-5.1= 54.9 g protein to b covered by PKU Nutri-2

100g PKU Nutri-2: 27g protein
=200 54.9g protein to b covered by PKU Nutri-2



PKU Nutri-2

‘Advanced Medical Mutrition

PKU Nutri 2 Energy

Food for special medical purposes. For the dietary management of proven phenylketonuria
(PKU) in children over 1 year of age. A phenylalanine-free powder drink mix containing a balanced
mix of the other essential and non-essential amino acids, carbohydrates, fat, vitamins, minerals, trace
elements.

With sugars and sweetener.®

* for flavoured variant only

Flavours: unflavoured and orange.

Important notice: For enteral use only. Not for parenteral use.* Must be used under medical
supervision. Not suitable as a sole source of nutrition. Suitable for children over 1 year of age.
Suitable only for individuals with proven phenylketonuria.

Storage: Store in cool dry place (<25 oC). Always replace container lid after use. Once
opened reseal can and use within 1 month.

Precautions: The product should not be used as a sole source of protein but must
be given in conjunction with natural protein and other nutrients to supply the
phenylalanine, fluid and general nutrition requirements of the patient in medically
prescribed quantities.

Suggested intake: The guantity of feed and the dilution should be determined by a
clinician or dietitian only, and is dependent on age, bodyweight and medical
condition of the patient.

Recommended feed concentration: It is recommended that the patient staris at a
1 to 5 dilution and builds up to 2 1 to 4 dilution

Osmolality (Unflavoured)

1to & (i.e. 100 g powder plus 500 ml water) = 720 mOsmol’kg H20

1to 4 (i.e. 100 g powder plus 400 ml water) = 910 mOsmol’kg H2O

Osmolality (Orange flavour)

110 5 (i.e. 100 g powder plus 500 ml water) = 770 mOsmol’kg H2O

110 4 (i.e. 100 g powder plus 400 ml water) = 980 mOsmol’kg H20

These dilutions are guidelines only. Can be taken as a more concentrated drink or
paste, but additional water or diluted drinks must be taken at the same time

Ingredients for unflavoured:

Dried Glucose Syrup, Refined Vegetable Cil (Canola, High Oleic Safflower, Medium Chain
Triglycerides (Palm Kemel and/or Coconut Oil)), L-Glutamine, L-Proline, L-Asparagine, L-
Lysine Hydrochloride, Tripotassium Citrate, L-Tyrosine, L-Leucine, Disodium Hydrogen
Phosphate, L-Serine, L-Valine, L-Isoleucine, Tricalcium Citrate, Calcium Phosphate Tribasic,
L-Alanine, L-Threonine, Sugar, Magnesium Hydrogen Phosphate, L-Arginine, L-Citrulline, L-
Cystine, Choline Bitartrate, Taurine, Emulsifier (E472c), L-Histidine, L-Methionine, L-
Tryptophan, L-Ascorbic Acid, M-Inositol, Ferrous Sulphate, Zinc Sulphate, L-Carnitine, DL-
alpha Tocopheryl Acetate, Manganese Sulphate, Nicotinamide, Calcium-D-Pantothenate,
Copper Sulphate, Thiamine Hydrochloride, Pyridoxine Hydrochloride, Riboflavin, Vitamin A
Acetate, Folic Acid, Potassium lodide, Sodium Selenite, Chromium Chloride, Sodium
Molybdate, Vitamin K1, D-Biotin, Vitamin D3, Cyanocobalamin

T Advanced Medical Nutrition

Unflavoured
Energy

| Per 100 g powder

1691

402

Protein
equivalent

27

Sugars

47

Fat

14

Saturates

16

Fibre

0

Salt

1.59

Minerals  and
trace elements
Sodium

Potassium

Calcium

636

277

914

234

|'8a3

20

Magnesium

140

]

Phosphorus

883

220

Chloride

Iron

511

14.4
15.3

Zinc

12.0

Copper

12

lodine

144

Manganese

23




E: 2100 kcal/d (PA: 1.45 due to hyperactivity; 1400-2500 kcal)

2100 kcal-(1515 keal from food + 800 kcal from medical formula) = 2315 ¢

100g PKU Nutri-2: 402 kcal energy
=200 800g protein to b covered by PKU Nutri-2



dicol Mutition
Chromium
Molybdenum

elenium

Vitamins
pg RE/ER

fitamin D
Vitamin E mg-a-TE/ET
Vitamin K [Vs}

Thiamin mg
Riboflavin mg

Niacin mg
mg NE/EN

Vitamin B6 mg

o]
Faolic acid ug

Vitamin B12 Hg
Pantothenic acid

Vitamin C




TYR: 4200 mg/d (lower limit of RDI; 3750-5000 mg)

(158 mg from food + 4780 kcal from medical formula) = 4940 g

100g PKU Nutri-2: 2390 mg TYR
=200 4780g protein to b covered by PKU Nutri-2
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Medical Nutrition Therapy in
“Inborn Errors of Amino Acid Metabolism”’
(4,4%)

Presented By:

; ' Dr. Maryam Abdollahzadeh
Ph.D. in Nutrition Sciences

School of Nutrition and Food Sciences
Shiraz University of Medical Sciences

Email: maryamabdh@gmail.com
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