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DIAGNOSTICARE UNA MALATTIA

METABOLICA EREDITARIA
Clinica Laboratorio
Anamnesi Screening neonatale esteso

Esame obiettivo
Patologie non soggette a

Semeiotica strumentale .
screening

Ecocardio
Ecoepatica
EEG

RMN cerebrale
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Epoca Neonatale :Dismorfismi

Disorders of cholesterol
synthesis

Lysosomal disorders Peroxisomal disorders

Mucolipidosis type |l
Y yp Zellweger syndrome SLO syndrome



CLINICA DELLE MALATTIA METABOLICA
EREDITARIA

RITARDO DI CRESCITA STATURO-PONDERALE
Vomiti ripetuti
Epatopatia con aumento delle transaminasi
cardiomiopatie ipetrofiche

RITARDO DI SVILUPPO PSICOMOTORIO

Micro/macrocefalie inspiegabili

Danno neurologico

Convulsioni: recidivanti / resistenti al trattamento

altri sintomi neurologici
Movimenti anomali (distonia, tremori)
Disturbi della marcia / atassia intermittente
Ipotonia muscolare, crampi
Disordini fluttuanti dello stato di coscienza
Dismorfismi cranio-facciali

EPISODIO TIPO ALTE

NEFROLITIASI e nefropatie



ABC DELLA PATOLOGIA METABOLICA :
la clinica

MALATTIE DA ACCUMULO .

decorso cronico, lenfamente
progressivo, spesso con diversi
organi interessafi

MALATTIE DEL METABOLISMO
INTERMEDIO : presentazione acuta
O a decorso intermittente,
scatenate da digiuno, infezioni,
cambiamento d’'alimentazione

MALATTIE DEL METABOLISMO
ENERGETICO o poco sinftomatiche
in epoca pediatrica ma che si
presentano clinicamente eta
adulta.

lisosomopatie,perossisomi,C
DG, difetti del colesterolo,
difetti di frasporto

aminoacidopatie,acidurie
organiche,difetti dei
carboidrafi

mitocondriopatie,difetti p
ossidazione acidi
grassi,difetti del
metabolismo del piruvato
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Early Prenatal Magnetic Resonance Imaging of
Glutaric Aciduria Type 1: Case Report

22-week-gestation fetus, in which prenatalmagnetic resonance imaging
revealed findingssuggestive of glutaric aciduria type 1 (GA-1),

J Comput Assist Tomogr & Volume 34, Number 3, May/June 2010



SOSPETTARE UNA MALATTIA METABOLICA

EREDITARIA
Clinica Laboratorio
. Screening neonatale esteso
Anamnesi

Esame obiettivo
Patologie non soggette a

Semeiotica strumentale .
screening

Ecografia
EEG
Radiografia
TAC

RMN

PET



Screening by MS/M3S
(Multiplex Testing)

* Molte malattie (MME),

}

* untest @@ MS/MS
}

* Molti metaboliti (AA,AC).

v
e ampio cut-off 0.1-1,000 .




OO Tecnologia: MS/MS
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EIGURE 2-3. Schematic work flow in newborn screening laboratones
exemplified for MS/MS screening.



PROPIONIC ACIDAEMIA

ACIDURIE ORGANICHE
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DIFE

| B-ossidazione ACIDI GRASSI

MCAD
C8 = 2.09 pmol/L (Cut-off=0.22)
C6 = 0.30 pmol/L (Cut-off=0.22)

VLCAD
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aminoacidopatie
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NEWBORN BLOODSPOT SCREENING LSD

Disease (common name) Deficient enzyme Age of onset Corrective therapy™* NBS test status
Fabry «-Galactosidase A Childhood - adult ERT: Begin as early as possible in all symptomatic males with Fabry and in female 1,2,3
(EC 3.2.1.22) carriers with significant disease. No consensus on when to begin ERT for
presymptomatic male infants.
Gaucher 3-Glucocerebmosidase Type 1: Childhood - Adult ERT: First ERT for LSD. Standard of care for type | Gaucher patients, reduces 1,2,3
(EC 3.2.1.45) Type 2: Infant hepatosplenomegaly, improves bone pain or bone crisis, anemia, and
Type 3: Infant - Adult thrombocytopenia. Not indicated in the acute neuronopathic form of
Gaucher disease (type Il).
SRT: Approved for use in mild to moderate type 1 when ERT is not a
therapeutic option. New SRTs in clinical trials.
Krabbe {3-Galactocerebrosidase Early onset - Infant HSCT: In presymptomatic infants and older individuals with mild symptoms 1,3
(EC 3.2.1.46) Late onset - Adult may improve and preserve cognitive function, but peripheral nervous system
function may deteriorate. Significant clinical variability in late-onset forms
MPS | (Huder, Hurer-Scheie, o-L-lduronidase Early onset — Hurler HSCT: Successful HSCT (before age 2 years) increases survival, reduces facial 1,3
Scheie syndromes) (EC3.2.1.76) Childhood onset — Hurler-Scheie coarseness, decreases hepatosplenomegaly. improves hearing, and maintains
Late onset - Scheie normal heart function. Slows course of cognitive decline if performed before
developmental delays are apparent. Minimal to no improvement on the skeletal
manifestations, corneal clouding and heart valve involvement. Significant
pulmonary and cardiac complications post HSCT.
ERT: Treats non-CNS manifestations of MPS I. Improves pulmonary function,
six-minute walk, decreases liver volume and lowers urinary glycosaminoglycans.
ERT before and after HSCT may alleviate disease manifestafions, reduce
complications of HSCT. Ongoing investigations of instillation of ERT into CNS.
MPS Il (Hunter syndrome) lduronate-2-sulphatase Males only. Variable overall; severe HSCT: Poor results to date. Limited data with infants. 3
(EC 31613) forms onset at 2-4 years of age. ERT: Improved 6-minute walk and forced vital capacity. No effect on CNS
disease. Ongoing investigations of instillation of ERT into CNS.
MPS VI (Maroteaux-Lamy Arylsulfatase B Generally in childhood; HSCT: Limited experience in infants. In older children reduced facial dysmorphism, 3
syndrome) (EC 316.12) newborn infants may have stabilized cardiac, and mobility. No change in skeletal function. Variable
macrocephaly improvement in visual acuity.
ERT: Improved 12-minute walk, 3—minute stair climb and reduced urinary
glycosaminoglycan excretion.™
Metachromatic leukodystrophy ~ Arylsulfatase A Severe in late infantile HSCT: The best outcomes were observed in individuals undergoing transplantation 3
[EC 3.16.8) form, mild in juvenile form; before symptoms occumed. Can slow disease progression but does not seem to
late onset - adult dleviate peripheral nervous system manifestations.
ERT: In clinical trials.
Niemann-Pick A/ B Acid sphingomyelinase Type A: Neonatal HSCT: Limited experience in infants. Variable response. Improved blood counts and 1,2,3
[EC 3.1.4.12) Type B: Childhood hepatosplenomegaly. Minimal effects on neurological status.
Pompe (Glycogen Storage Il a-Glucosidase Severe infantile to late ERT: Begin as soon as the diagnosis is confirmed. Below 6 months of age had 1,2,3
[EC 32.1.20) onset adult improved ventilator-independent survival, reduced cardiac mass, and improved

acquisition of motor skills. Effect on long-term cognition is unknown. Poor

prognostic indicators are CRIM negativity and high IgG tiers to exogenous enzyme.

J Ped ,in press 2011



J Inhierit Mietah Dis (HEIT) 3d 30444 )

Table 2 Comparison of Evropean Countries " oxcluding Soolend) regarding munber of screen sentes, telal populstion (Yo
2o+, sereeaed infans (vear 20037 and metabolic disorders included in MSMS sereening: see Tuble 1 for abbreviations Tie
NUIDCTS [Or sCreening cenires, ol population and serecned mianis are parially Desed on a questonnaiee il was initiated by 15NN
i 2005, Detadls can be found on wvw isns-peoscnenin g

Commiry Mo al Papulation*{rmilfioms) Number of inlants Dhisordern moloded in extended
ool res sepee ved = average scrcenmg by MS'MS
sample number!

sereeting labosiiory )

Austial meluding 1 818 T 180TT 156) PRLUL MSUILY, Tyrl, Ui, ASLID, Hemoeyst,
South Tymol MOADD. LCHADD. VLCADD. CPT ID
Tealy) CPFT HDCACT, CT0L KTD, HMG.CoA

LD, MMA, FA, IVALCA |, 1-MOCD
el gium ] 1u.2v 103 335(17 555) PRLU, MSULDY, Tyrl, MUADD, LUHADD,

VLOCADD. CFT IDCPT NECACT. CTD.
KT HMGCod LD MMA, PAIVA,
CaA 1, 20O

Bulgiria 1 T35 B3 |5 T2
Croain 1 443 Nevmformustxmn Nome
Crech Repulic 4 12 93 aRWTI 4210 N
Dovrmark 1 SR fis GST{06 AST) PELL, MSLID, i, ASLID, Arp
MUADD, LOHADD, VLCADD O 1y
CPTHINVCACT, CTH, KT, HMG-CoA
LD MMALPAL VA, GA L3MCCD (pilet
auely, mot 100 dalion eovorne)
Finlind 40 5.1%9 50 DN 1 4K MNone
France 22 59.M Thd 212034 T37) Mome:
Germany 2343 T25 125060 427) PKU. MIUD, MCADD, LCHADD,
VLCADD, CPT 1D, CPT HIDVCACT.
Wi, Gl
Great Britain®+* 20 54.78 625 T4 32 287) MOADD (pilol project, not 100%
population coverage)
4 oo approe. [0 S 000 None
1 308 LU SR Mo
1 3z 62 0062 0y 1TSS
506 10925 T34) No informaiion
Metherlands 3 2000 B33040 127) PKU, MSUD, Homoecyst, Tyrl, MCADD,
LCHADD, VLCADD, HMG-CoA
LyaseDd, VA, GA 1, 3-MCCD
MNOrWay 1 4.54 30 B40( 50 840) Mok
Poland & 3862 FA2 1524 (1 PEU. MSUD, Tyrl, MCADD, LCHADD,
VLOCADD. CPT D CPT I ACT. OTT.
VAL GA L one cenire soreens | f
poOpUEion
Poriugal 1 1010 12 557(112 357) PEU, MSUD., MCADD, LCHADD,
VLCADD. CPTID.CPTHRNCACT. IVA.
G L GAMTD
BRamania Mo 22.2% Mo il e Mo
miormalion
Serbia 1 1050 57 354(57 354) None
L 1 543 Nov ot eon he (31, %3
1 1.4 14 O <4 AN ) Mone
20 40.11 41 29T(22064) PRLU, MIUD, MOUADD, LOHADID,

VLCADD, CPT ID. CPTHDVCACT, IVA,
G I; one centre sereens .« 1%
proprulation )

Switzerland ] T3z T4 430 T4 450 PKLU, MCADD

Total 17h 478 418 4 618 599

Netherlands
9 Metabolic disorders
PKU, MSUD, Hceys, Tyr I, MCAD, LCHAD,
VLCAD,HMG-CoAL, MMA, PA, GA 1, IVA,
3-MCC

UK
2 Metabolic disorders
PKU, MCAD
Considering Heys
GA 1, MSUD, IVA, LCHAD, Biotinidase

Germany
9 Metabolic disorders
PKU, MSUD, MCAD, LCHAD, VLCAD,CPT 1,
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Neonatal Screening for Treatable and Untreatable Disorders: Prospective
Parents’ Opinions
Anne Marie Catharina Plass. Carla Geertruida van El. Toine Pieters and Martina
Cornelia Cornel
Pediatrics 2010:125:299-e106: origmally published online Dec 21. 2009;

TABLE 1 Information Presented to the

Hes DDHdEﬂtS TABLE 2 Arguments Presented to the Respondents in the (uestionnaire Combined With the Mean

Scores on Extent of Agreement (Disagree-Agree) With These Arguments

Category |: treatable disorders

- 3 Paramater Newborns Should be Tested on ...
An example of a treatable disorder is the
é ; - Category I: Category Il Category Il
hEI"EdI‘tEI’Y metabolic disorder PKU Treatable Less Treatable Untreatable
(phenylketonurial, This disorder can cause Disorders, Disorders, Disorders,
Mean (5D) Mean (5D} Mean (3D)

serious brain damage, but early treatment
tie, diet) can prevent this. Children affected

will die by the time they reach maturity. DMD
cannot be treated. In the Netherlands,
newborns are not screened for this disease.

Arguments in favor

- ; Because the disease can be prevented or 4502 NA
Wlth PKU are tI'IE!f‘EfGI"E ﬂblE tﬂ I||I|E hEEI'Th}' cured through Ea[‘hl diagnosis
At uresentr all disorders included in the Because, through early diagnosis, the 47 (1.0) NA
: symptoms of the disease can be cured
neonatal screening prodgram are v dolagzil
comparable to PEU. To fight the symptoms of the disease as NA 44001 NA
Category II: less treatable disorders e
: - Because, through early diagnosis, the NA 44 (1.0) 35(14)
An example of a less treatable disorder is child will live longer
G)lstil: fibrosis (CF). CF is an inherited To enable parents to adjust their future 41012) 38(1.2) 36012
B z - expectations to their child’s condition
disorder that causes obstruction in the To prevent a long diagnostic quest® 47(08) 45(09) 4401 1)
lungs and other ordans, which leads to To inform parents in time about the 43010 472(1.1) 42012
infections. CF cannot be cured, but early Lep'"“d”“t”f'stch”'cﬁﬁf_'e"'t:m'
it x = ; ecause a future child in the same
treatment can mitigate the disease. Timaly family might be affected as well
intervention results in reduced symptoms Arguments against
2 = Because the disease cannot be prevented NA 21(1.3) 25(1.4)
and improved life expectancy. In the i
Netherlands, newborns are not screened Because parents of an affected child 23{(1.3 25(1.3) 27(14)
for CEE would be worried before the disease
v g has come to expression
GE’EEE&I‘T lI: untreatable dlSﬂl‘dEI"B. : Because the parents of an affected child 1.4 (09) 16(1.0) 17(1.1)
An example of an untreatabie disorder is would he afraid to get toa strongly
attached to their child
!Juchenne. rnu.suular' d}'StNEI]:Ih}' (DMD). DMD Because a lot of parents would be 2002 2201.2) 24013
is a genetic disorder causing a progressive worried, whereas only a few children
loss of muscle function. Most affected will be affected
. . Because this is way too expensive® 13000 14(09) 1.5 (1.0}
children are confined to a wheelchair and Because you have to take life the way it is 18011 20012 20012




PROCESSO DI SCREENING : NOTE PRATICHE

RACCOLTA DEL CAMPIONE

GIORNALIERO
< 48 ORE DI VITA

PREMATURITA’
<1500 G RIPETERE A 2,6,10 SETTIMANE
RISULTATO PATOLOGICO
OSSERVAZIONE E VALIUTAZIONE DELLA PATOLOGIA
CURE INTENSIVE
CENTRI e COMPETENZE SPECIALISTICHE
CONFERMA DIAGNOSTICA

MALATTIA ACUTA
STATO DI MALATTIA ASINTOMATICO
FORME LIEVI



MALATTIA

COSA DEVE FARE IL PEDIATRIA

MSUD

Trasferimento immediato Centro Metabolico

TIROSIMEIA TIPO |

Asintomatica — Ricovero Immediato

OMOCISTINURIA

Asintomatica — Contattare Centro

Asintomatica — Contattare centro

ey Letargico — Ricovero Immediato
e
IVA Trasferimento immediato- Centro metabolico
GAl Trasferimento immediato- Centro metabolico
MMA Trasferimento immediato- Centro metabolico
PA Trasferimento immediato- Centro metabolico
CPTleCPTII Asintomatica — Contattare Centro

CITRULLINEMIA

Trasferimento immediato-Centro Metabolico

ARGININSUCCINICO ACIDURIA

Trasferimento immediato-Centro Metabolico




SOSPETTARE UNA MALATTIA METABOLICA

EREDITARIA
Clinica Laboratorio
. Screening neonatale esteso
Anamnesi

Esame obiettivo

Semeiotica strumentale Patologie non soggette a

_ screening
Ecografia : oy sy -
diagnosi biochimica
EEG : :
_ _ diagnosi molecolare
Radiografia
TAC
RMN

PET



Division of Metabolic Diseases - Padua (1999-2011)

ENERGY METABOLISM DISORDERS WITH ACUTE
DISORDERS (80 pts) INTOXICATION (150pts)
PC e PDH :4 UCD : 61
RCD: 26 OA :45
80
FAO: 15 MSUD: 14
GSD & HI :35 AA :20

150

Anche se considerate rare, le malattie metaboliche
ereditarie sono causa frequente di patologia cronica
ad alta complessita assistenziale

Mastroiacovo, Una Pediatria per la societa che cambia,2007

22



EMOCROMO

Anemia (macrocitica)

Difetti di cobalamina, folati

Reticolocitosi

Difetti glicolisi, difetti del ciclo acido Y-
glutammico

Linfociti vacuolati

Malattie lisosomiali




PROFILO BIOCHIMICO (1)

| a-Fetoproteina Atassia teleangiectasia, tirosinemia

. Mitocondriopatie, deficit del
l Glucosio in CSF trasportatore GLUT -1

Glicogenosi, difetti del metabolismo
I Acido urico delle purine, difetti B-ossidazione acidi
grassi, mitocondriopatie

Difetti del metabolismo delle purine,

l Acido urico difetti del cofattore molibdeno

1 ACE Malattia di Gaucher

| Creatinina Difetti di sintesi della creatina




PROFILO BIOCHIMICO (li)

T Sideremia, transferrina Emocromatosi, malattie perossisomiali
l Cupremia Malattia di Wilson, malattia di Menkes
] Cupremia Malattie perossisomiall

| Cupruria Malattia di Wilson, perossisomopatie

l Ceruloplasmina g/lcaeli’j’:i:plclais\/rvniilrs;gg;i;nalattia di Menkes,
:ggg;‘;:::f;?(;’smo Mitocondriopatie, sindromi CDG




PROFILO BIOCHIMICO (lil)

! Fosfatasi alcalina

Ipoparatiroidismo, defecti sintesi acidi
biliari

| Colesterolo

a- ipobetalipoproteinemia, difetto sintesi
steroli, difetti perossisomali

! Trigliceridi

Glicogenosi, difetti lipoproterine (deficit
lipoprotein lipasi)

I CK

Difetti mitochondriali, difetti 3-ossidazione
acidi grassi, glicogenosi tipo I, Ill and
|V,difetti glicolisi, difetto muscolare AMP-
deaminasi, distrofinopatie




AMMONIEMIA

VALORI NORMAL/: < 80 u MOL/I
SORGENTE : intestino, batteri,metabolismo proteico
VALORI METABOL/CF > 200 u mol/l (organico aciduria)

> 500 u mol/l (difetto del ciclo dell’'urea)

VALORI DUBB/( < 200 u mol/l)
Acido valproico e tossine
Herpes simplex ( neonato)

Emodialisi e insuff epatica



ACIDOSI METABOLICA

« ANION GAP AG = [NA™] + [K]— [CI"] — [HCO; ]

180 ~ 1 AG = [prg‘tein] — 816 mmﬂ|/|

140 =
120 -

AG = |protein] + [lactate’]

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

100 =

Anign gap Sirong lon gap

«LATTATO <2.5 mmoL/i ( ESCLUDERE MALATTIE CARDIACHE
ED IPOSSIA)

*PIRUVATO : NO : L/P CAVE



TEST METABOLICI

TEST BASALI

ammonio, glucosio, anion gap,lattato, chetoni urinari

*TEST SPECIFICI ( guidati dal sospetto clinico)
AMINO ACIDI (plasma e urine)
ACIDI ORGANICI (urine)
ACILCARNITINE (plasma)
VLCFA (plasma)
DOSAGGIO OLIGOSACCARIDI (urine)
DOSAGGIO PURINE E PIRIMIDINE (urine)
DOSAGGIO SIALOTRANSFERRINE (siero)

Zschocke [ Hoffmann

Vademecum
Metabolicum

Manuale pediatrico di malattie
metaboliche ereditarie




QUANDO NON SOSPETTARE UNA MALATTIA
METABOLICA EREDITARIA

Sintomo isolato o multiorgano

Decorso clinico statico o progressivo

RITARDO MENTALE LIEVE

RITARDO DEL LINGUAGGIO ISOLATO E PRECOCE
SCARSA CRSCITA ( altezza e c.c. normale)
INFEZIONI FREQUENT]I

CONVULSIONI OCCASIONALI ( con febbre)
SINDROMI EPILETTICHE

SIDS (asintomatiche)

Nyhan WL, Inherited Metabolic Diseases,2010



Indications for a genetic fest

Primary diagnosis, confirmation of diagnosis
- No (reliable) biochemical or enzymatic test
- Advantageous ratio work/benefit
(simple test, small gene, common mutations)

Information on disease course, freatment options and prognosis
- Good genotype-phenotype correlation

Risk calculation and prenatal diagnosis in a family
Predictive testing in a family

No indication: Carrier testing of minors
in the absence of medical consequences during childhood.

Zschcke J. 2010, Padua



Epoca Neonatale :Dismorfismi




