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ERIDAYSNIGIHNERATHEINA)

EQUILIBRIO ACIDO BASE ED ELETTROLITI : anion —gap>20
GLICEMIA : <40 rr12g/dl e >200 mg/dl
CHETOIC\%II (++++)
01/06/2010 AMMONIEMIL}A > 250 ug/dl



VIETABOLISVOINTERIVIEDI®
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ACIDOSIIMETABOLICA

« ANION GAP

160
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2

Anion gap Strong ion gap

AG = [NAT] + [KT]—[CI7]— [HCO3]

AG = [protein] = 816 mmol/I

-}SIG y
'}SDE} AG = [protein] + [lactate’]

Albumin corrected AG = AG
+(0.25 x [40 — measured albumin g/I])

o LATTATO > 2.5 mMoL/I ( ESCLUDERE MALATTIE CARDIACHE ED IPOSSIA)
* PIRUVATO : NO (L/P CAVE)
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KENOSIS

v ketonuria should always be considered
abnormal in neonates, it is a physiological result
of catabolism in late infancy, childhood, and even
adolescence.

v however as a general rule, hyperketosis at a
level that produces METABOLIC ACIDOSIS is not
physiological ”

Saudubray, Inborn Metabolic Diseases,2006
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ACIDOSI
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fLATTATO| | tCHETONI
Gluconeogenesi
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GSD | Acidurie Organiche
F1-6Pasi |popituitarismo
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AMMONIENMIA

VALORI NORMALI : <80 p MOL/I

VALORI DUBBI ( < 200 p mol/l')
Acido valproico e tossine

Herpes simplex ( heonato)

insuff epatica

VALORI METABOLICI: > 250 pug/dl

01/06/2010
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ANVNMONIOF pH; ELEIRIROLINH

CHENONI

MH; increased MH; normal MNH. normal NH; normal
Mo Acidosis Mo Acidosis or increased Acidosis, Mo Acidosis
| anion gap DMPH negative
Urine Massive ketonuria
Primary hyperammonemia DNPH Amino Acid
| y Organic Analysis
Positive Acid
Urea cycle defect Analysis Nonketotic hyperglycinemia
HHH syndrome Amino (Rarely)
Transient hyperammonemia Acid Organic Sulfite oxidase deficiency
of the newborn Analysis acidemia + xanthine cxidase
deficiency
Manle svru Chbl C or D methylmalonic
uring di:gas% Disoder of acidemia

Propionate metabolism
Isovaleric acidemia
Glutaric acidemia 1

Owothiolase deficiency
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NESIFVIENABOLLIC] _—

« Aminoacidopatie

e Difetti ciclo dell’ urea
 Acidurie organiche

 Disordini energetici

- B-ossidazione i =t
- difetti carboidrati il \

- (mitocondriopatie)

ACILCARNITINE
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ALGORITHMIC WORK UP OF PATIENT WITH LACTIC ACIDMIA

Document elevated Lactic Acid
and/or Pyruvic Acid and/or Alanine in Blood and/or CSF and Urine

Elood mt DNA Tandem MS
‘/ Organic Acid
MELAS

Analysis Diagnose or

MERRF Exclude

Glucagon- Fast-Procedurs

Kearns-Sayre

F’earsony Glucagon after & hours fasting depletes hepatic

glycogen. Continued fasting for up to 24 hours

requires gluconeognesis to avoid hypoglycemia.

Second glucagon test at end of fast- flat in

the absence of gluconeognesis

B N
Ncﬁﬂ\ -
W Emg
) Passes Fas
Fails Fast

Gluconeo-genesis Defect

A/ \ \"L

Serum Leukocyte  Indiyidual Loading Tests
Biotinidase Carbowylase  with Fructose, Giycerol
J Galactose or Alanine
Diagnosis Diagnosis 1
Biotinidase Pyruvate
Deficency Caboxylase Liver Biopsy
Deficiency I'
Specific Enzymatic Diagnosis
e.q. Fructose-1, &6-diphos-
) phatase Deficigncy
Treat with
Biotin
Initiate high carbohydrate
diet and avoidance of fasting
01/06/2010

Organic Acidemia

With Lactic Aciduria

t

Assess D or L-Lactic Acid,

Threonine Loading

Intestinal
Malabsomtion
Syndromes with
Absorption of
D-Lactic Acid
Formed by
Intestinal
Bacteria

Elevated [Lactate] Ratio

[Pyruvate]

!

Aceloacelale

3-Hydroxybutyrate

H

Ciidation
Defect

1

Skin Biopsy
Fibroblast Culture

|

Assay PDHC, PDC,
Pyruvate Oxidation,
KGDH,E,

Initiate High fat
or Ketogenic Diet

Elevated L&Hﬂmmm Ratio

l [Acetoacetate]
Muscle Biopsy
Ragged
i Mo Ragoed
Red Fibers
Red
Mitochondrial Fibers
DMA . .
Mitochondrial Assess
l DMNA respiratory
MELAS ) chain complexes
MERRF MARFP _ _
Kearns-Sayre Mitochondrial
Pearson Whyopathy, Leigh,
Infantile
Acidosis
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ENCEFALORAIIA

VIETABOLICA

o Difetti degli aminoacidi glicina e serina

o Difetti del metabolismo delle pterine e delle
amine biogeniche

o Difetti del metabolismo GABA
o Difetti del metabolismo pirodossina e folati

o Difetti del metabolismo della creatina

ESANMEDEIHQUOR PEFAMINOACIDIFerNEUROGITRAVMSMEININTORI
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ENCEFALORPATHTATERILEINICAS

DIAGNOSIFDIFFABORATIORI®©

Treatable disorders

Diagnostic test

PYRIDOXINE DEPENDENCY

Response to pyridoxine; elevated pipecolic acid
(CSF, plasma, urine) and a-aminoadipic
semialdehyde (urine)

FOLINIC ACID DEPENDENCY

Response to folinic acid; elevated pipecolic
acid (CSF, plasma, urine) and a-aminoadipic
semialdehyde (urine); unknown peak in CSF
HPLC

PNPO DEFICIENCY

Response to pyridoxal 5-phosphate; elevated
glycine, threonine, 3-orthomethyldopa, lactate

BIOGENIC AMINES DEFICIENCY

HVA and 5-HIAA in CSF

PHOSPHOSERINE AMINOTRANSFERASE
DEFICIENCY

Low CSF and plasma serine and glycine

01/06/2010
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(J Pediatr 2010:156:420-6).

Prevalence of Developmental Disabilities and Receipt of Special Education
Services among Children with an Inborn Error of Metabolism

Kimberly Powell, PhD, RD, Kim Van Naarden Braun, PhD, Rani Singh, PhD, RD, Stuart K. Shapira, MD, PhD,

- -

Table 1. Characteristics of children who were diagnosed with a metabolic disorder identified by newborn screening or
clinical symptoms and with a developmental disability or receiving special education services

Case number* Type of metabolic disorder Age atinitiation of treatment Metabolic control
entified by

niewhom screening’
MADDSP
o

1 MELD 15 days Expelien
Mental retardation 1D

1 MEUD 15 days Exoelient

2 MEUD 6 days Exioitllenit
SEDMA’
Bahavior desorder

k] DG 29 days Unbawin
Leaming desonder

4 0G 17 days Fair

5 DG 19 days Excellent

[ FHU 12 days Pooe
Mild 1D

Fal GAL 10 days Fair
Moderate ID

] GAL T days Fair
Other heatth impaiment

9 MELD 12 days Excelient
Significant developmental detay

Fl GAL 10 days Fair
Speech/language dsonder

10 DG 34 dirys Exioitllenit

1 DG 16 days Excellent
Identified by

dinical symploms
MADDSP
Pattism

12 AsA 1 days Excellent
L]

12! BEA 1 days Excelient

13 Citrullingmiia Birth Good

14 Metylmalnic acidemia Infancy Unbaiwin

15 Mevalonic aciduria 2 years Unigiwn

16 Propionic acidémia 1 days Exioitllenit
SEDMA
Other heatth impairment

17 Homozystinuria yeam Poor

Significant developmental detay
01/06/2010 s ASA 75 yoars Excalient 15




SCREENING BY MSIMS
(MULTIRLLEX TESTING)

e Molte malattie (MME),

!

* un test ‘ MS/‘MS

e Molti metaboliti (AA,AC),
!

e ampio cut-off 0.1-1,000 um

01/06/2010
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QUALITVIALTATNHE INCLEUDERE 2

« Malattie con morbidita e mortalita significative
 Trattamanto presente ed efficace

 Tempo necessario per intervenire prima che si
sviluppino | sintomi

o Validita clinica e utilita clinica dello screening
 Economicamente fattibile ( costo/beneficio)

* Che la malattia abbia una storia naturale nota

* Che la malattia abbia una incidenza conosciuta e
significativa nella popolazione che sara screenata

Pediatrics,2009:123:451-457
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THE BURDEN O NONDISEASE

ovvero creiamo malati dove non ci sono ?

01/06/2010

3-methylcrotonyl CoA carboxylase deficiency
3MCC deficiency

Normal 3MCC deficiency

b | bR || &
ed R =z R

Protein from food Protein from muscles Protein from food Protein from muscles
Amino Acids Amino Acids
Leucine Other Leucine Other

amino acids amino acids

‘ * Build up
of harmful

Health
/ \ Problems
¥ N
Energy Growth Energy Growth
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VISIMS #F ESPERIENZATRIEOTAVENENO®©

(2002 — 2009)

diagnosi Screening
MSUD 5 0

[Tirosinemia
ASL
ASS
NKH

Isovalerico acidemia
3MCC
MMA

Deficit cobalamina
PA

MCAD

VLCAD

MADD

LCHAD

CPT I

A O MlW P> OTjO|O O W & »~)O
BN
—~
[EN
~

20
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o1
=

Total cases
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S| == NINEHN S COINAIFAE =

VENETO 2010

Fenilchetonuria

Malattia delle urine allo sciroppo d’acero

Isovalerico acidemia

Glutarico aciduria tipo |

Deficit cobalamina C/metilmalonico acidemia

Deficit dell’acil CoA deidrogenasi a catena media (MCAD)
Deficit dell’acil CoA deidrogenasi a catena molto lunga (VLCAD)

Il fase

Tirosinemia tipo |

Citrullinemia

Aciduria argininosuccinica

Argininemia

Deficit dell’acil CoA deidrogenasi a catena molto lunga
Deficit dell’acil CoA deidrogenasi a catena lunga

Deficit dell'acil CoA deidrogenasi a catena corta

Deficit delle acil CoA deidrogenasi (aciduria glutarica tipo II)
Deficit della carnitina palmitoliltrasferasi tipo |

Deficit della carnitina palmitoliltrasferasi tipo |l

Deficit del trasportatore della Carnitine

Acitigmia Propionica 21



VIANAGEIVENIFINFEMERGENZA

e Terapia di supporto
 Rimuovere | metaboliti tossici
 Rifornire | prodotti depleti

* Prevenire 'accumulo di cataboliti lungo le

vie metaboliche interessate

01/06/2010 22



TERARIATDISUPPORIG

. IDRATAZIONE (100-150 mg/kg/die)

« ELETTROLITI : evitare iponatriemia

e GLUCOSIO (5-8 mg/kg/min- 15 mg/kg/min)
- per os (rischio di diarrea!)
- endovena : glucosio al 10%
- catetere centrale : glucosio fino al 25%

01/06/2010
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ACIDOSIIVIETABOLICA

pH<7.1 (0 >7.1 macompromissione delle condizioni generali)
Sodio bicarbonato iniziando con meta correzione
(deficit di basi x peso (kg) x 0.3/ 2)

> Infusione lenta

» Controlli frequenti

»Monitorare sodio / potassio
>Considerare THAM se Tfluidi ol sodio

pH> 7.1 ottimizzare la perfusione tissutale
idratazione
Iposodiemia

01/06/2010
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DISORDERS REQUIRING ANABOLISIV]

(ACUTEINTOXICATION)

Kalories : 80-100kcal/kg/day

Organic acidurias, maple syrup urine disease, urea
cycle disorders =

glucose 15-20 g/kg/day + fat 2 g/kg/day

always: + insulin, starting with 0.05 U/kg/h,
Adjustments are made dependent on blood glucose
(useful combination is 1 U/8 g glucose)

early: central venous catheterisation

01/06/2010 Inherited Metabolic Diseases,2010



DISORDERSIREQUIRING GLLUCOSE STABILISATION

(reduced/fasting/tolerance)

Fatty acid oxidation defects, glycogen storage disease type |, disorders of
gluconeogenesis, galactosemia, fructose intolerance, tyrosinemia | =

glucose 7-10 mg/kg/min= 10 g/kg/day

DISORDERS REQUIRING RESTRICTION OF ENERGY TURN-OVER

(disturbed energy metabolism)
PDHC deficiency =

reduce glucose supply: 2-3 mg/kg/min = 3g/kg/day
Add fat: 2-3 g/kg/day
Electron transport chain (RCD) defects: glucose 10-15 g/kg/day

01/06/2010 Inherited Metabolic Diseases,20710



ACIDOSIIMETABOLICA

Terapia con cofattori :

OH-COBALAMINA (VIT. B12) Metilmalonico acidemia

BIOTINA Deficit di olocarbossilasi sintetasi
Deficit di biotinidasi

CARNITINA Isovalerico acidemia
Glutarico aciduriatipo l el

01/06/2010 27



IPERANVIMONIEMIA

f l f
- -
Sodio benzoato ‘ ‘
Sodio fenilbutirrato
Arginina
Acido Carglumico

01/06/2010
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ENCEFALLO@PATIHATERIEEINICAS

TRATNAMENT®©

Treatable disorders Treatment

Pyridoxine (or pyridoxal-5-phosphate) 30 mg/kg (usually

PYRIDOXINE DEPENDENCY 100 mg) as starting dose, then 30 mg/kg/day

FOLINIC ACID DEPENDENCY Folinic acid 2-3 mg/kg/day in 3 doses

Pytidoxal-5-phosphate 30-40 mg/kg/day in 3-4 single

PNPO DEFICIENCY
doses

PHOSPHOSERINE AMINOTRANSFERASE DEFICIENCY Serine supplementation

01/06/2010 29




TAKE HOVIE MESSAGE

e Evitare di non diagnhosticare una
malattia metabolica ereditaria trattabile

 Prima il paziente (emergency treatment)
e poi la famiglia (genetic counselling)

eDiscutere il caso con il Centro di
riferimento

Saudubray, Inborn Metabolic Diseases,2006

01/06/2010 30
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