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v	
  
Emulsificação	
  pelos	
  Sais	
  Biliares	
  	
  
è	
  micelas	
  

QM	
  deslocam-­‐se	
  através	
  
sistema	
  linfáIco	
  e	
  sangue	
  
até	
  	
  tecidos	
  

Lipase	
  lipoproteica	
  acIvada	
  
pela	
  apo	
  CII	
  nos	
  capilares	
  	
  
TGèAc.Gordos+Glicerol	
  

Ác.	
  Gordos	
  são	
  oxidados	
  ou	
  
resterificados	
  

Degradação	
  por	
  Lipases	
  intesIno	
  

Lípidos	
  absorvidos	
  e	
  converIdos	
  
em	
  TG	
  

TG	
  incorporados	
  c/colesterol	
  e	
  
Apolipoproteinas	
  è	
  quilomicrons	
  

PROCESSAMENTO	
  DOS	
  LIPIDOS	
  APÓS	
  A	
  INGESTÃO	
  



Importância	
  Lipidos	
  

•  Produção	
  de	
  energia	
  
•  Estutruras	
  não	
  polares	
  hidrofóbicas	
  –membranas	
  
celulares	
  

•  Armazenamento	
  sob	
  a	
  forma	
  de	
  TG	
  (+	
  eficiente	
  e	
  
quanIt>	
  que	
  o	
  glicogenio)	
  

•  Transporte	
  	
  do	
  lipidos:	
  
–  quilomicrons	
  
– AG	
  unidos	
  à	
  albumina	
  	
  
–  Corpos	
  cetónicos	
  



Ácidos	
  Gordos	
  



Fórmula	
  n1:n2ωn3:	
  
-­‐	
  n1-­‐	
  nº	
  átomos	
  de	
  carbono	
  
-­‐	
  n2	
  -­‐	
  nº	
  de	
  ligações	
  duplas	
  	
  
-­‐	
  n3	
  -­‐	
  nº	
  do	
  átomo	
  de	
  carbono	
  mais	
  próximo	
  

	
  	
  do	
  grupo	
  	
  NH3	
  da	
  primeira	
  ligação	
  dupla	
  



1	
  -­‐	
  ACTIVAÇÃO	
  

3	
  –	
  BETA-­‐OXIDAÇÃO	
  

4-­‐	
  CETOGÉNESE	
  

Citoplasma	
  



AG	
  

MIM	
  

MEM	
   Citoplasma	
  

Matriz	
  	
  
Mitocondrial	
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  ACIL	
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  I	
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AcilcarniIna	
  
	
  CARNTINA	
  ACIL	
  TRANSFERASE	
  II	
  



CACT	
  

CAT	
  1/CPT1	
  

CAT	
  2/CPT2	
  

3	
  –	
  BETA-­‐OXIDAÇÃO	
  

Transportador	
  	
  
da	
  carniIna	
  (CUD)	
  



β	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  α	
  

ESPIRAL	
  
Β-­‐

OXIDAÇÃO	
  	
  

VLCAD	
  
LCAD	
  
MCAD	
  
SCAD	
  

LCHAD	
  
SCHAD	
  

LCAKT	
  
SCAKT	
  

LCEH	
  
SCEH	
  

AceQl-­‐CoA	
  

3	
  –	
  BETA-­‐OXIDAÇÃO	
  

VLC	
  –	
  Very	
  Long	
  Chain	
  
LC	
  –	
  Long	
  Chain	
  
MC	
  –	
  Medium	
  Chain	
  
SC	
  –	
  Short	
  Chain	
  

TFP	
  (proteina	
  trifuncIonal):LCEH,	
  LCHAD,	
  LCAKT	
  
MAD	
  	
  (mulIple	
  acyldehydrogenase	
  deficiency)	
  

H2O	
  

C16è129	
  ATP	
  



Enzimas	
  Beta-­‐oxidação	
  AG	
  
•  Há	
  vários	
  enzimas	
  envolvidos	
  nas	
  diferentes	
  fases	
  da	
  β-­‐oxidação	
  
•  Há	
  acil-­‐CoA	
  desidrogenases	
  específicas	
  para	
  as	
  cadeias	
  acil-­‐CoA	
  de	
  

diferentes	
  comprimentos	
  

•  As	
  acil-­‐CoA	
  desidrogenases	
  CML-­‐Very	
  Long	
  chain	
  acyl	
  CoA	
  

dehydrogenase	
  -­‐VLCAD-­‐	
  actuam	
  sobre	
  cadeias	
  >C20-­‐1	
  

•  As	
  acil-­‐CoA	
  desidrogenases	
  CL-­‐Long	
  chain	
  acyl	
  CoA	
  -­‐LCAD-­‐	
  C18-­‐12	
  
•  As	
  dehydrogenases	
  que	
  actuam	
  sobre	
  Ac.Gordos	
  de	
  cadeia	
  média	
  -­‐

MCAD	
  -­‐	
  C10-­‐C6	
  

•  	
  As	
  acil-­‐CoA	
  desidrogenases	
  CC-­‐Short	
  chain	
  acyl	
  CoA	
  -­‐SCAD-­‐	
  C6-­‐C4	
  
	
  

v  	
  Deficiência	
  de	
  MCAD	
  –	
  patologia	
  frequente/	
  associada	
  a	
  SIDS/SUDI	
  



AceQl-­‐CoA	
  

3	
  –	
  BETA-­‐OXIDAÇÃO	
  

ESPIRAL	
  
Β-­‐

OXIDAÇÃO	
  
MITOCONDRIAL	
  	
  

	
  
AceQl-­‐COA	
  PROPIONIL-­‐COA	
  

Di-­‐Enoil-­‐CoA	
  
Racemase	
  (DER)	
  



DEFEITOS	
  DO	
  CICLO	
  DA	
  CARNITINA	
  -­‐	
  CLÍNICA	
  
CUD	
  
Transportador	
  
da	
  carniIna	
  
	
  

Forma	
  precoce	
  ou	
  hepáQca	
  infanQl	
  (3m-­‐2anos):	
  	
  
hipoglicemia	
  hipocetóIca,	
  hiperamoniémia,	
  
hepatomegalia,	
  disfunção	
  hepáIca,	
  eventual	
  encefalopaIa	
  hepáIca;	
  
compromisso	
  muscular	
  >1ºano	
  de	
  vida;	
  casos	
  de	
  morte	
  súbita	
  neonatal.	
  
Forma	
  miopáQca	
  (cardíaca)	
  da	
  infância	
  (1-­‐7	
  anos):	
  cardiomiopaIa	
  
dilatada	
  progressiva,	
  hipotonia,	
  fraqueza	
  muscular,	
  rabdomiólise	
  
Forma	
  adulta:	
  fadiga,	
  cansaço	
  fácil,	
  arritmia,	
  cardiomiopaIa	
  dilatada	
  
	
  	
  

CPT	
  1	
   •	
  8-­‐18m:	
  Intolerância	
  ao	
  jejum,	
  hipoglicemia	
  hipocetóIca,	
  hepatomegalia,	
  
disfunção	
  hepáIca,	
  aumento	
  CK,	
  acidose	
  tubular	
  renal,	
  convulsões	
  

CACT	
  
CarniIna-­‐	
  -­‐
acilcarniIna	
  
translocase	
  
	
  

Neonatal:	
  intolerância	
  ao	
  jejum,	
  coma	
  hipoglicémico,vómitos,	
  cardiomiopaIa,	
  
arritmia,	
  letargia,	
  rabdomiólise,	
  disfunção	
  hepáIca,	
  hiperamoniémia,	
  morte	
  
	
  Tardia:	
  hipoglicemia	
  recorrente	
  sem	
  envolvimento	
  cardíaco	
  

CPT	
  2	
  
	
  

InfanQl	
  ou	
  hepatocardiomuscular:	
  Coma,	
  hipotonia,	
  letargia,	
  hipoglicémia	
  
hipocetóIca,	
  hepatomegalia,	
  disfunção	
  hepáIca,	
  cardiomiopaIa	
  com	
  arritmia	
  
ou	
  falência	
  mulIorgânica.	
  	
  
•	
  Tardia	
  (15-­‐60	
  anos):	
  intolerância	
  ao	
  exercício,	
  dores	
  musculares,	
  
rabdomiólise	
  com	
  	
  mioglobinúria	
  



DEFEITOS	
  BETA	
  OXIDAÇÃO	
  AG	
  -­‐	
  CLÍNICA	
  
SCAD	
  	
  
Desidrogenase	
  acil-­‐CoA	
  de	
  cadeia	
  
curta	
  

Hipotonia,	
  vómitos	
  cíclicos,	
  recusa	
  alimentar,	
  ADPM,	
  
ozalmoplegia	
  externa	
  e	
  miopaIa	
  
	
  

SCHAD	
  	
  
Desidrogenase	
  3-­‐hidroxiacil-­‐CoA	
  de	
  
cadeia	
  curta	
  

Coma,	
  vómitos	
  recorrentes,	
  letargia,	
  hipotonia,	
  
disfunção	
  hepáIca,	
  colestase,	
  cirrose,	
  encefalopaIa	
  e	
  
cardiomiopaIa	
  hipertrófica	
  

MCAD	
  
Desidrogenase	
  acil-­‐CoA	
  de	
  cadeia	
  
média	
  

Coma	
  hipoglicémico,	
  letargia,	
  disfunção	
  hepáIca,	
  
vómitos	
  cíclicos,	
  hipotonia,	
  perturbação	
  do	
  
comportamento	
  adaptaIvo,	
  morte	
  súbita	
  

LCHAD	
  	
  
Desidrogenase	
  3-­‐hidroxiacil-­‐CoA	
  de	
  
cadeia	
  longa	
  

	
  Coma,	
  letargia,	
  hipotonia,	
  cardiomiopaIa,	
  
hepatomegalia,	
  disfunção	
  hepáIca	
  com	
  colestase	
  e	
  
cirrose,	
  espasIcidade,	
  neuropaIa	
  periférica,	
  reInopaIa	
  
pigmentar,	
  rabdomiólise	
  

VLCAD	
  
Desidrogenase	
  acil-­‐CoA	
  de	
  cadeia	
  
muito	
  longa	
  

Coma,	
  letargia,	
  cardiomiopaIa,	
  disfunção	
  hepáIca,	
  
rabdomiólise,	
  dor	
  muscular	
  
	
  

MADD	
  
Deficiência	
  múlIpla	
  de	
  acil-­‐CoA	
  
desidrogenases	
  ou	
  Acidúria	
  
Glutárica	
  Ipo	
  II	
  

Coma,	
  letargia,	
  hipotonia,	
  cardiomiopaIa,	
  disfunção	
  
hepáIca,	
  intolerância	
  ao	
  exercício,	
  ataxia,	
  quistos	
  renais	
  
Fatal	
  no	
  período	
  neonatal	
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DIAGNÓSTICO	
  
AcilcarniQnas	
  no	
  plasma	
  	
   Ácidos	
  Orgânicos	
  	
  Urina	
  

SCAD	
   BuIrilcarniIna	
  (C4:0)	
   EIlmalónico,	
  2-­‐meIlsuccínico	
  
	
  

SCHAD	
   3-­‐OH-­‐C4	
  acilcarniInas	
  
	
  

C6-­‐C14	
  acidúria	
  dicarboxílica	
  
acidúria	
  3-­‐	
  hidroxi-­‐dicarboxílica	
  
LCHAD	
  

MCAD	
  
	
  

AcilcarniInas	
  C6:0;	
  C8:0;	
  C8:1;	
  C10;	
  
C10:1	
  C8/C10	
  >5;	
  C8/C2>0,1	
  
	
  

C6–C12	
  ácidos	
  dicarboxílicos	
  
suberilglicina	
  e	
  hexanoilglicina	
  

LCHAD	
   AcilcarniInas	
  de	
  cadeia	
  longa	
  (OH-­‐
C16:0;	
  OH-­‐C18:2;	
  OH-­‐C18:1)	
  
OHC6-­‐OHC14	
  	
  

Acidúria	
  dicarboxílica	
  e	
  3-­‐
hidroxidicarboxílicos	
  de	
  cadeia	
  
longa	
  
	
  

VLCAD	
  
	
  

AcilcarniInas	
  de	
  cadeia	
  muito	
  longa	
  
C14:1;	
  C14:0;	
  C16:0;	
  C16:1	
  	
  

C16:2;	
  C18:0;	
  C18:1;	
  C18:2	
  
	
  



DiagnósIco	
  DefiniIvo	
  

•  Estudo	
  molecular	
  



Rastreio	
  Neonatal	
  	
  
DOENÇAS	
  DA	
  ß-­‐OXIDAÇÃO	
  MITOCONDRIAL	
  DOS	
  ÁCIDOS	
  GORDOS	
  

§ Def.	
  	
  Desidrogenase	
  Ác.	
  Gordos	
  de	
  Cadeia	
  Média	
  (MCADD)	
  

§ Def.	
  Desidrogenase	
  Ác.	
  Gordos	
  de	
  Cadeia	
  Muito	
  Longa	
  (VLCADD)	
  

§ Def.	
  Desidrogenase	
  3-­‐Hidroxi-­‐Acil-­‐CoA	
  Cadeia	
  Longa	
  (LCHADD)/TFP	
  
§ Def.	
  em	
  CarniIna-­‐Palmitoil	
  Transferase	
  I	
  (CPT	
  I)	
  

§ Def.	
  em	
  CarniIna-­‐Palmitoil	
  Transferase	
  II	
  (CPT	
  II)/CACT	
  

§ Def.	
  MúlIpla	
  das	
  Acil-­‐CoA	
  Desidrogenases	
  dos	
  Ácidos	
  Gordos	
  

(Acidúria	
  Glutárica	
  Tipo	
  II)	
  

§ Def.	
  Primária	
  em	
  CarniIna	
  (CUD)	
  



Defeitos	
  da	
  oxidação	
  dos	
  Ácidos	
  Gordos	
  

•  Patologia	
  associada	
  a	
  elevada	
  taxa	
  de	
  mortalidade	
  e	
  morbilidade	
  	
  
•  DiagnósIco	
  Precoce	
  permiIu:	
  	
  

	
  -­‐	
  DiagnosIco	
  combinado	
  1:	
  9300/>5milhões	
  RN	
  
–  Diminuir	
  a	
  frequência	
  e	
  a	
  gravidade	
  da	
  	
  
descompensação	
  metabólica	
  	
  
–  Melhorar	
  o	
  prognósIco	
  

	
  	
  
Newborn	
  screening	
  for	
  disorders	
  of	
  faey-­‐acid	
  oxidaQon	
  
:	
  experience	
  and	
  recommendaQons	
  from	
  an	
  expert	
  meeQng	
  
•  O	
  JIMD:	
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  2010,	
  Volume	
  33,	
  Issue	
  5,	
  pp	
  521-­‐526	
  
•  First	
  online:	
  07	
  April	
  2010	
  

•  WWW.ACMG.net	
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Review Article

Metabolic disease in 10 patients with sudden unexpected death in infancy
or acute life-threatening events

Tomoo Takahashi, Kenji Yamada, Hironori Kobayashi, Yuki Hasegawa, Takeshi Taketani, Seiji Fukuda and Seiji Yamaguchi
Department of Pediatrics, Shimane University Faculty of Medicine, Izumo, Shimane, Japan

Abstract In order to determine the associations between sudden unexpected death in infancy (SUDI) or acute life-threatening events
(ALTE) and inborn errors of metabolism, particularly organic acidemia and fatty acid oxidation disorders, we evaluated clin-
ical features in patients with SUDI or ALTE. The subjects were infants between the ages of 7 days and 3 years who devel-
oped SUDI or ALTE between January 2004 and December 2013. They were then diagnosed as having inborn errors of
metabolism on gas chromatography–mass spectrometry (GC/MS) and/or tandemmass spectrometry (MS/MS). The age dis-
tribution, onset forms, and clinical findings were evaluated during the acute phase. Inborn errors of metabolism were de-
tected in three of 196 patients with SUDI, and in seven of 167 patients with ALTE. Of these 10 patients, nine had a
history of poor feeding and somnolence during the neonatal period, and symptoms of infection such as cough, fever or
vomiting during infancy. Routine laboratory tests during an acute phase indicated hyperammonemia, liver dysfunction, in-
creased blood creatine kinase, acidosis, positive ketone bodies in urine or blood, or hypoglycemia. When SUDI or ALTE are
encountered in the emergency unit, it is essential that a detailed medical history is taken, particularly with regard to the neo-
natal period, and that specific abnormalities are investigated on routine laboratory tests. Moreover, samples such as urine,
serum, and filter paper blood specimens should be collected for GC/MS and/or MS/MS of organic acids and acylcarnitines,
to identify inborn metabolic disorders.

Key words apparent life-threatening event, gas chromatography, inborn error of metabolism, sudden unexpected death in infancy,
tandem mass spectrometry.

Sudden infant death syndrome (SIDS) is defined as the sudden, un-
expected death of an infant that cannot be explained based on pre-
vious medical history or symptoms. The cause of the death cannot
be specified on autopsy. A recent study found SIDS to be the third
leading cause of overall infant mortality in Japan, following con-
genital anomalies, and perinatal disorders. A sudden death may oc-
cur not only in infants with no prodromal symptoms but also in
previously healthy infants who develop infections or diarrhea.1–6

The latter cases are not considered to represent SIDS in a strictly
defined sense, but the broad term “sudden unexpected death in in-
fancy” (SUDI) is applied. An apparent life-threatening event
(ALTE) is defined as a life-threatening episode in an infant that
does not lead to death and is characterized by sudden apnea
resulting in skin color change, muscle tone change, coughing,
and so on. ALTE includes a condition that was previously called
near-miss SIDS.

Newbornmass screening on tandemmass spectrometry (MS/MS)
has been widely used and newborns can now be screened for or-
ganic acid and fatty acid disorders in addition to amino acidemias.
Some infants with organic acid and fatty acid disorders are known
to develop symptoms similar to those of SUDI or ALTE.

Given that newborn mass screening on MS/MS would allow
early detection and intervention prior to the development of symp-
toms of organic acid and fatty acid disorders, this form of mass
screening is expected to prevent sudden deaths due to such
disorders.

We have been analyzing metabolic disorders using gas
chromatography–mass spectrometry (GC/MS) and/or MS/MS in
children who present with symptoms similar to those of acute en-
cephalopathy, SUDI, or ALTE. Thus, we conducted the present
study with the aims of improving the early detection and the treat-
ment of inborn metabolic disorders underlying SUDI or ALTE.We
thus evaluated detection frequency, age distribution, and clinical
features in infants <3 years of age who presented with symptoms
similar to those of SUDI or ALTE, and were diagnosed as having
organic acid and fatty acid disorders on GC/MS or MS/MS.

Method

Subjects

Among infants who were referred to the Department of Pediatrics,
ShimaneUniversity for GC/MS of urinary organic acids orMS/MS
of acylcarnitines during the 10 year period between January 2004
and December 2013, those who met the following criteria were in-
cluded: (i) age between 7 days and 3 years; (i) clinical diagnosis of
SUDI or ALTE; and (iii) established diagnosis of organic acid or
fatty acid disorders.

Correspondence: Tomoo Takahashi, MD, Department of Pediatrics,
Shimane University Faculty of Medicine, 89-1, Enya, Izumo, Shimane
693-8501, Japan. Email: tomoo@yahoo.co.jp
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Crianças	
  7dias	
  -­‐	
  3anos	
  	
  

Jan	
  2004	
  -­‐	
  Dez	
  2013	
  

EIM	
  -­‐	
  3/196	
  SUDI	
  	
  

	
  7/167	
  ALTE	
  

	
  9/10	
  	
  c/sintomas	
  –	
  recusa	
  alimentar,	
  sonolência	
  

	
   	
  ≅infecções	
  virais,	
  vómitos	
  

	
  Hiperamoniémia,	
  Cetonémia/cetonúria,	
  hipoglicémia	
  RN	
  

	
  

História	
  Clinica	
  detalhada	
  

Pesquisar:	
  Glicémia,	
  NH3,	
  FHep,	
  CK,	
  Gasimetria,	
  CC	
  

Colheita	
  no	
  SU:	
  AO/Ac.	
  Orotico;	
  Acilcarnitinas	
  (papel	
  ]iltro)	
  
	
  

Neonates before day 7 of birth were excluded because congen-
ital abnormalities and perinatal disorders might have contributed to
their condition.7,8

Sample preparation and GC/MS

Organic acid analysis

Urine samples for GC/MS of urinary organic acids were pretreated
as described previously. Briefly, to an aliquot of urine 0.2 mg
equivalent of creatinine, 20 μg heptadecanic acid, 20 μg
tetracosane (C24), and 40 μg tropic acid were added as internal
standards. Distilled water was added to yield 2.0 mL of themixture,
and solvent extraction, oximation, and trimethylsilyl derivatization
were performed.9,10

GC/MS was performed using GCMS QP2010 Plus (Shimadzu,
Kyoto, Japan). The column (30 m × 1.0 mm i.d.) was DB-5 (J&W
Scientific, Folsom, CA, USA). The oven temperature was initially
100°C and was then raised to 290°C at a rate of 4°C/min.

Glycerol metabolite analysis

In 30 patients with residual urine samples, glycerol-3-phosphate
was measured according to a method described previously.11,12

Briefly, to achieve urea decomposition, 20 μg tropic acid and 20
units of urease were added to an aliquot of urine equivalent to 0.1
mg creatinine. In total, 500 μL ethanol was then added for
deproteinization, and the solution was dried under a nitrogen
stream at 50°C. The dried residue of organic acids was
trimethylsilylated. GC/MS was performed under the same condi-
tions as aforedescribed.

Quantitative acylcarnitine analysis

Acylcarnitines were analyzed on MS/MS after butyl derivatization
had been performed in serum sample aliquots of 10 μL according
to a method described previously.13 MS/MS was carried out using
an API 3000 (Applied Biosystems, Foster City, CA, USA). Data
were analyzed with ChemoView™ (Applied Biosystems/MDS
SCIEX, Toronto, Canada).

Results

Age distribution

We studied a total of 363 infants, including 196 with SUDI
(GC/MS and MS/MS in 57, GC/MS only in 10, MS/MS only in
129), and 167 with ALTE (GC/MS and MS/MS in 95, GC/MS
only in 13, MS/MS only in 59).

Figure 1 shows the age distribution. The numbers of infants in
each age group were as follows: 7–28 days (neonates), n = 45 (SUDI,
n = 20; ALTE, n = 25); 1–6 months, n = 177 (SUDI, n = 91;
ALTE, n = 86); 6–12 months, n = 55 (SUDI, n = 39; ALTE,
n = 16); 1–2 years, n = 66 (SUDI, n = 37; ALTE, n = 29);
2–3 years, n = 20 (SUDI, n = 9; ALTE, n = 11).

Confirmed metabolic disorders

The GC/MS of urinary organic acids, MS/MS of acylcarnitines,
and genetic testing yielded a diagnosis of inborn errors of metabo-
lism in 10 (2.7%) of the total 363 infants. Among these 10 patients,

three were newborns, three were 1 month–1 year of age, and four
were ≥1 year of age.

Among these 10 patients, two had medium-chain acyl-CoA de-
hydrogenase (MCAD) deficiency, one had carnitine palmitoyl-
transferase type 2 (CPT2) deficiency presenting with SUDI, four
had methylmalonic acidemia (MMA), two had urea cycle disor-
ders, and one had mitochondrial trifunction protein (TFP)
deficiency with ALTE (Table 1).

Clinical findings

Poor feeding and somnolence were common in three neonates
(patients 1–3) as prodromal symptoms. Of the seven patients be-
tween the ages of 1 month and 3 years (patients 4–10), six had
cold symptoms such as fever, cough, rhinorrhea, and vomiting
as prodromal symptoms. Of these seven patients, three had intrac-
table vomiting; one had a medical history of transient hypoglyce-
mia; and one had an episode of cyanosis during the neonatal
period.

Laboratory results during an acute phase included acidosis (pH,
6.9–7.3) in seven of 10 infants; positive ketone bodies (in urine or
blood) in four of six infants who received ketone testing; liver dys-
function (hyper blood aspartate aminotransferase (AST; 52-3144IU/L);
hyper blood alanine aminotransferase (ALT; 43-1712IU/L) in eight
of 10 infants; high blood creatine kinase (CK; 203–8077 IU/L) in
eight of 10 infants; hyperammonemia (147–2006 μg/dL) in seven
of eight whose data were available; and hypoglycemia (blood
glucose, ≤17–30 mg/dL) in three of 10 infants (Table 2).

Two of the three newborns (patients 1,3) had loss of the Moro
reflex. Only one infant (patient 8) had a family history of abnormal-
ity (acute encephalopathy).

In addition to the aforedescribed 10 infants, there were at least
10 other infants who lacked definitive diagnosis but were
strongly suspected to have inborn errors of metabolic disease
(Table 3). The results were suggestive of glutaric acidemia type
2, very long-chain acyl-CoA dehydrogenase deficiency, and
primary carnitine deficiency, but a definitive diagnosis could
not be obtained.
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Fig. 1 Age distribution in infants with ( ) acute life-threatening
events (n = 167) or ( ) sudden unexpected death (n = 196). ★ or ☆,
inborn error of metabolism.
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Elevation of C8;
Lesser Elevations of C6 and C10

‡Routine Labs:
Glucose, electrolytes, 

blood gas, LFTs

Assay:
Plasma AC
Urine OA
Urine AG

Plasma AC - Normal
Urine OA - Normal
Urine AG - Normal

Plasma AC (C8) - high
Urine OA - Normal/high dicarboxylic acids

Urine AG - high hexanoylglycine

False Positive 
No further action 

required.
MCAD Deficiency

CONFIRMATORY TESTING:
MCAD Gene Sequencing

Disclaimer: This guideline is designed primarily as an educational resource for clinicians to help them provide quality medical care It should not be considered inclusive of all proper 
procedures and tests or exclusive of other procedures and tests that are reasonably directed to obtaining the same results. Adherence to this guideline does not necessarily ensure a 
successful medical outcome. In determining the propriety of any specific procedure or test, the clinician should apply his or her own professional judgment to the specific clinical 
circumstances presented by the individual patient or specimen. Clinicians are encouraged to document the reasons for the use of a particular procedure or test, whether or not it is in 
conformance with this guideline. Clinicians also are advised to take notice of the date this guideline was adopted, and to consider other medical and scientific information that become 
available after that date.

Abbreviations/Key
AC = acylcarnitine
AG = acylglycine
LFTs = liver function tests
MCAD = Medium-chain acyl-CoA dehydrogenase
OA = organic acid

‡ = When the positive predictive value of screening is sufficiently high and the risk to the newborn is high, some initiate   
diagnostic studies that are locally available at the same time as confirmation of the screening result is done.

Actions are shown in shaded boxes; results are in the unshaded boxes.

C8 Elevated +
Lesser Elevations of C6 and C10



Decreased Free Carnitine (C0);
Other ACs relatively low. 

Assay free and total carnitine 
in plasma and urine

‡ Routine Labs
Glucose, electrolytes, blood gas, 

ammonia, LFT, CPK

Plasma C0 – Normal
Plasma Total Carnitine – Normal

Plasma C0 – Low
Plasma Total Carnitine – Normal/Low

Infant healthy.
Rule out maternal CUD 
and secondary Glutaric 

Acidemia Type I

Carnitine Uptake 
Defect (CUD)

OPTIONAL CONFIRMATORY TESTS:
Transporter Assay, OCTN2 gene analysis
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Abbreviations/Key:
AC = acylcarnitine
CPK = creatine phosphokinase
CUD = carnitine uptake disorder
LFTs = liver function tests
OCTN2 = organic cation transporter 2

‡ - When the positive predictive value of screening is sufficiently high and the infant is symptomatic, some initiate 
diagnostic studies that are locally available at the same time as confirmation of the screening result is done. 

Actions are shown in shaded boxes; results are in the unshaded boxes.

Disclaimer: These standards and guidelines are designed primarily as an educational resource for physicians to help them provide quality clinical services.  Adherence to these 
standards and guidelines does not necessarily ensure a successful medical outcome.  These standards and guidelines should not be considered inclusive of all proper procedures and 
tests or exclusive of other procedures and tests that are reasonably directed to obtaining the same results.  In determining the propriety of any specific procedure or test, the healthcare 
provider should apply his or her own professional judgment to the specific clinical circumstances presented by the individual patient or specimen.  It may be prudent, however, to 
document in the patient’s record the rationale for any significant deviation from these standards and guidelines.

CO (Free Carnitine) Low



MCAD/MCADD	
  

•  Incidência:	
  1:5	
  000-­‐	
  1:25	
  000	
  
•  Mais	
  frequente	
  
•  Autossómica	
  recessiva	
  
•  Gene	
  ACADM	
  -­‐	
  homozigoIa	
  mutação	
  985A→G,	
  
•  Primeira	
  sintomatologia	
  <2	
  anos	
  
•  Sintomatologia:	
  

– Hipoglicémia	
  hipocetóIco,	
  alt.hepaIcas,	
  ✚súbita	
  
(18%	
  na	
  primeira	
  crise)	
  



 

Aimer: This guideline is designed primarily as an educational resource for clinicians to help them provide quality medical care  It should not be considered 
inclusive of all proper procedures and tests or exclusive of other procedures and tests that are reasonably directed to obtaining the same results.  Adherence to this 
guideline does not necessarily ensure a successful medical outcome.  In determining the propriety of any specific procedure or test, the clinician should apply his or 
her own professional judgment to the specific clinical circumstances presented by the individual patient or specimen.  Clinicians are encouraged to document the 
reasons for the use of a particular procedure or test, whether or not it is in conformance with this guideline.  Clinicians also are advised to take notice of the date 
this guideline was adopted, and to consider other medical and scientific information that become available after that date. 
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Newborn Screening ACT Sheet  
[Elevated C8 with Lesser Elevations of C6 and  
C10 Acylcarnitine] 
Medium-chain Acyl-CoA Dehydrogenase (MCAD) Deficiency 
 
Differential Diagnosis: Medium-chain acyl-CoA dehydrogenase (MCAD) deficiency. 
 
Condition Description: MCAD deficiency is a fatty acid oxidation (FAO) disorder. Fatty acid oxidation occurs 
mainly during prolonged fasting and/or periods of increased energy demands (fever, stress), when energy 
production relies increasingly on fat metabolism. In an FAO disorder, fatty acids and potentially toxic 
derivatives accumulate because of a deficiency in one of the mitochondrial FAO enzymes. 
 
 
YOU SHOULD TAKE THE FOLLOWING ACTIONS: 
 

� Contact family to inform them of the newborn screening result and ascertain clinical status (poor feeding, 
vomiting, lethargy).  

� Consult with pediatric metabolic specialist. 

� Evaluate the newborn (poor feeding, lethargy, hypotonia, hepatomegaly).  If signs are present or infant is 
ill, transport infant to hospital for emergency treatment that would include IV glucose and any further 
treatment in consultation with the metabolic specialist.  

� If infant is normal initiate timely confirmatory/diagnostic testing, as recommended by specialist. 

� Educate family about need for infant to avoid fasting and the need for immediate medical attention if the 
infant even becomes mildly ill (poor feeding, vomiting, or lethargy).  

� Report findings to newborn screening program. 

 
 
Diagnostic Evaluation: Plasma acylcarnitine analysis will show a characteristic pattern consistent with MCADD. 
Urine organic acid analysis may also show an abnormal profile. Diagnosis may be confirmed by mutation 
analysis of the MCAD gene.   
 
Clinical Considerations: MCAD deficiency is usually asymptomatic in the newborn although it can present 
acutely in the neonate with hypoglycemia, metabolic acidosis, hyperammonemia, and hepatomegaly. MCAD 
deficiency is associated with high mortality unless treated promptly; milder variants exist. Hallmark features 
include vomiting, lethargy, and hypoketotic hypoglycemia.  Untreated MCAD deficiency is a significant cause 
of sudden death.    
 
Additional Information: 

Emergency Treatment Protocol (New England Consortium of Metabolic Programs) 
Genetics Home Reference   

 
Referral (local, state, regional and national): 

Testing  
Clinical Services 
Find Genetic Services 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



Caso	
  Clínico	
  

Ana Félix, 21 meses: 
•  Febre,	
  tosse,	
  rinorreia	
  serosa	
  
•  Queda	
  da	
  cabeça,	
  hipertonia	
  dos	
  membros,	
  recusa	
  em	
  

andar	
  
•  CK-­‐53	
  422	
  AST-­‐846	
  ALT-­‐3026	
  UI/L	
  

Aos	
  27m:	
  após	
  episódio	
  febril	
  
• Prostração,	
  cabeça	
  caída	
  para	
  a	
  direita,	
  recusa	
  em	
  pôr-­‐se	
  de	
  
pé	
  ou	
  andar	
  
• Hepatomegália	
  
• Palpação	
  muscular	
  indolor	
  
• CK-­‐145	
  577IU/l,	
  Mioglobina	
  3456	
  ng/ml	
  (VR:13-­‐65.8)	
  
• AST-­‐4	
  258	
  ALT-­‐1	
  753U/	
  L	
  
	
  	
  
• Recuperação	
  total	
  em	
  poucos	
  dias	
  	
  

 



InvesIgação	
  

Resultados 
(µM)	
  

Valores 
Referência	
  

CarniIna	
  Livre	
  (C0)	
   12.30	
  ↓	
   19.24-­‐48.48	
  
AceIlcarniIna	
  (C2)	
   4.42	
  ↓	
   8.06-­‐25.54	
  

TetradecanoilcarniIna	
  (C14)	
   0.38	
  ↑	
   0.06-­‐0.24	
  

PalmiltoilcarniIna	
  (C16)	
   2.63	
  ↑	
   0.53-­‐2.09	
  
HexadecenoilcarniIna	
  (C16:1)	
   0.39	
  ↑	
   0.03-­‐0.15	
  

EstearoilcarniIna	
  (C18)	
   1.38	
  ↑	
   0.36-­‐1.36	
  
OleoilcarniIna	
  (C18:1)	
   2.85	
  ↑	
   0.36-­‐1.36	
  

Estudo	
  	
  molecular:	
  homozigoIa	
  c.338C>T	
  (p.S113L)	
  	
  
Exame	
  Cardiológico	
  –	
  normal	
  
	
  
Estudo	
  Pai	
  –	
  HomozigoIa	
  mesma	
  mutação	
  

CPT	
  2	
  /	
  Translocase	
  

*	
  
*	
  



CPT	
  II	
  
u FORMA	
  NEONATAL	
  FATAL	
  –	
  dias	
  após	
  o	
  nasc.	
  
Insuf.	
  HepáIca,	
  miocardiopaIa,	
  convulsões,	
  hipoglicémia	
  	
  
Dismorfia	
  facial	
  ou	
  malformações	
  	
  (diplasia	
  renal	
  quísIca,	
  def.	
  
migração	
  neuronal)	
  
	
  

u FORMA	
  HEPATOCARDIOMUSCULAR	
  INFANTIL	
  –	
  1º	
  ano	
  de	
  vida	
  
Episódios	
  de	
  Insuf.	
  hepáIca	
  com	
  hipoglicémia	
  não	
  cetóIca	
  
Miocardiopathy,	
  Arritmias	
  cardíacas	
  	
  
Convulsões	
  ou	
  coma	
  após	
  jejum	
  ou	
  infecção	
  
MiopaIa	
  periférica	
  
Crises	
  de	
  dor	
  abdominal	
  e	
  cefaleia	
  
	
  

u FORMA	
  MIOPÁTICA	
  -­‐	
  	
  depois	
  dos	
  6	
  anos	
  
Episódios	
  Recorrentes	
  de	
  mialgia	
  c/	
  mioglobinúria	
  (	
  exercicio	
  prol.,	
  
jejum,	
  frio,	
  stress)	
  	
  
Sem	
  sintomatologia	
  ou	
  CK	
  elevado	
  entre	
  crises)	
  



Stopping Parenteral Nutrition for 3 Hours Reduces False Positives in
Newborn Screening

Thipwimol Tim-Aroon, MD1,2, Heidi M. Harmon, MD3, Mary L. Nock, MD3, Sreekanth K. Viswanathan, MD3,
and Shawn E. McCandless, MD1,2

Objective To evaluate effects of holding parenteral nutrition (PN) for 3 hours prior to newborn screening (NBS) on
false-positive NBS rate for amino acids (AAs) in very low birth weight (VLBW) infants (birth weight <1500 g).
Study designWe analyzed data from 12 567 consecutive births in 1 hospital between May 2010 and June 2013.
VLBW infants were stratified into 3 groups: (1) infants without PN before NBS (no-PN group); (2) infants with early PN
running at the time of NBS (early-PN group); and (3) infants with early-PN that were temporarily replaced by
dextrose-containing intravenous fluid 3 hours prior to NBS (stop-PN group). We compared the false-positive rate
for AA and cost effectiveness between the groups.
Results The false-positive rate for AA among 413 VLBW infants was significantly higher than infants with birth
weight >1500 g (7.62% vs 0.05%; P < .001). There were no false-positive results for AA in the no-PN group. The
false-positive rate for AA in the stop-PN group (2/65) was significantly lower than the early-PN group (29/245)
(3.1% vs 11.8%; P = .037). The stop-PN group was more cost effective than early-PN group, saving $17.27 per
infant screened ($5.53 vs $22.80) or $192.54 for each false-positive result for AA averted. Further reductions in
inconclusive samples were also noted.
Conclusions VLBW and early-PN are significant factors for false-positive results for AA. Holding PN containing
AAs for 3 hours before NBS collection is a practical and cost-effective method to significantly reduce the false-
positive rate for AA in VLBW infants. (J Pediatr 2015;167:312-6).

N
ewborn screening (NBS) programs for inherited disorders were first introduced in the 1960s with massive expansion
following introduction of tandem mass spectrometry in the 1990s. Like any other medical screening test, false-positive
NBS have medical and economic implications, including need for additional investigations and treatments, added cost

for follow-up tests and other health care utilization, and increased parental stress.1-5

The Ohio NBS program currently screens for at least 34 disorders. The overall false-positive rate for Ohio NBS has been
approximately 1.4%.6 Several studies have shown increased rates of false-positive NBS in preterm infants that are variously
postulated to result from immature organ or endocrine function, underlying illness, transfusion, parenteral nutrition (PN),
inappropriate cut-off values, and timing of NBS collection.6-9 Over the past 15 years, most extremely premature infants are
given PN containing amino acids (AAs) for prevention of catabolic state, nutritional deficiency, and growth restriction10-12

prior to NBS blood collection at 24-48 hours of life. Recent reports demonstrate increased false-positive NBS results for hyper-
methioninemia in premature infants with PN,13 and higher plasma AA concentrations in infants with early parenteral AA.14,15

We hypothesized that holding PN containing AAs before NBS blood collection would reduce false-positive NBS rate for AAs.

Methods

This was a retrospective cohort study using the Rainbow Babies and Children’s (RB&C) Hospital NBS database fromMay 2010
to June 2013. All infants with NBS collected by the institution and with results available in the database were included in the
study population. The study, including review of the medical records, was part of a quality improvement project, evaluating a
similar time period before and after institution of the new protocol. The process and data were reviewed and approved for
publication by the institutional review board of University Hospitals Case Medical Center.
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AA Amino acid

BW Birth weight

NBS Newborn screening

NICU Neonatal intensive care unit

PN Parenteral nutrition

RB&C Rainbow Babies and Children’s

VLBW Very low birth weight

312

Early-PN with high protein (2-3 g/kg/d) started within
24 hours of birth for very low birth weight (VLBW) infants
(birth weight [BW] <1500 g) has been a standard treatment
in the RB&C Hospital neonatal intensive care unit (NICU)
since early 2010. A new NBS collection protocol was imple-
mented in RB&C Hospital NICU in July 2012 as part of a
quality improvement initiative. As part of the new protocol,
PN was held 3 hours before NBS collection and replaced with
dextrose containing fluids (same dextrose concentration as
previous PN) for infants <1500 g. Current Ohio NBS guide-
lines for VLBW infants with PN recommend initial NBS sam-
ple between 24 and 48 hours of life, or before 24 hours if the
infant is to be transfused (then repeated as appropriate for
metabolites that should be evaluated after protein feeding
starts).

Electronic medical records of the VLBW infants were re-
viewed for demographic data, time when AA containing
PN was initiated, time of NBS collection, and outcome of
the NBS.

False-positive AA results were defined as abnormal NBS
for a single AA that was not associated with an inborn error
of metabolism based on follow-up test results and consulta-
tion with metabolic specialists, as clinically indicated. The
Ohio NBS laboratory reports multiple elevated AAs as
“inconclusive” requiring repeat NBS samples; therefore,
these inconclusive results are not included in the false-
positive results in the study.

The hospital charges associated with false-positive AA re-
sults, including the additional investigations, repeat NBS
card, and subspecialty consultation, were ascertained from
the hospital laboratory charge files and coding database.
Medicaid hospital inpatient specific cost-to-charge ratios
were used to adjust the hospital charges to estimate the direct
costs associated with false-positive AA results (www.bwc.
ohio.gov). Indirect costs that were not measured include in-
fants’ pain from the needle sticks for additional blood sam-
pling and increased parental anxiety from the abnormal
NBS result. The only additional direct cost associated with
the 3-hour stop-PN was the cost of intravenous dextrose to
replace PN.

Data Analyses
VLBW infants were stratified into 3 groups according to
timing of the PN and NBS blood collection including: (1)
no-PN group: infants without PN before NBS; (2) early-PN
group: infants with early PN running at the time of NBS;
and (3) stop-PN group: infants receiving early PN that was
temporarily replaced by dextrose containing intravenous

fluid (same dextrose concentration as PN) 3 hours prior to
NBS. To determine the effect of early PN on the false-
positive rate for AA in NBS, we compared the false-positive
rate for AA between the early-PN and the no-PN groups.
Similarly, to evaluate the effect of the new NBS collection
protocol on an “intention to treat” basis, we compared the
false-positive rate for AA between 2 time periods (before
and after the implementation of the 3-hour stop-PN
protocol).
The false-positive rate was calculated by the number of

infants with false-positive results divided by total infants in
that group. The c2 test was used for categorical variables as
appropriate. A statistical test with P# .05 was considered sig-
nificant. JavaStat statistical software (http://stat.wvu.edu/
!jharner/projects/javastat/intro.html), was used to conduct
the analysis. Hospital charges related to NBS result follow-
up for patients with false-positive rate for AA were identified
and averaged across the group.

Results

NBS results were available for 12 567 infants; 39 infants had
positive NBS results for AAs, of which 1 infant was confirmed
as a true positive result for maple syrup urine disease. The
remaining 38 infants had false-positive results. The false-
positive rate for AA in the entire study population was
0.3% (38/12 567). The false-positive rate for AA in VLBW in-
fants (N = 420) was significantly higher (7.62% vs 0.05%;
P < .001) than in infants with BW more than
1500 g (N = 12 154), thus, VLBW infants accounted for
3.3% of the study population (420/12 567), but 89%
(32/38) of the false-positive AA results. Furthermore, 63%
(20/32) of the VLBW infants with false-positive NBS for
AA results were extremely low BW (<1000 g).
The single false-positive AAs in VLBW infants are shown

in Table I by the abnormal metabolite. All false-positive
AA results had only modestly increased concentrations of
the AA above the NBS laboratory’s cut-off value.
The false-positive rates for AAs in VLBW infants before

implementation of the new “stop-PN ” policy compared
with after implementation were not significantly different,
7.9% (24/301) and 6.7% (8/119). This was explained after
manual inspection of the medical records, both electronic
and paper, revealed that the 3-hour stop-PN protocol had
only been followed in 54% of VLBW infants (64/119) after
the protocol was initiated in July 2010. As with most new
protocols in this large NICU, with many dozens of nursing
providers, the actual implementation of the protocol

Table I. AA levels from NBS in infants with false-positive AA results

Mean concentration umol/L BW <1500 g (range) (n = 32) BW ‡1500 g (range) (n = 6) Ohio NBS cut-off levels

Methionine 126 (100-248) (n = 19) 122 (n = 1) <100
Phenylalanine 165.6 (160-173) (n = 5) 162.5 (61-164) (n = 2) <160
Tyrosine 509 (438-585) (n = 5) 475 (406-527) (n = 3) <400
Arginine 113 (101-124) (n = 3) - <100
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gradually increased over the study period to just over 80%,
based on review of the records for the patients with abnormal
NBS results.

To determine the actual effect of the stop-PN approach,
when appropriately applied, the data were analyzed based
on groupings related to timing of PN supplementation and
NBS collection. Of 420 VLBW infants, PN status could not
be determined for 7 subjects (1 subject with a false-positive
AA). The remaining 413 VLBW infants with known PN sta-
tus were stratified in 3 groups. The false-positive rates for AA
results in the 3 groups are shown in Table II. The stop-PN
group had a 74% reduction of false-positive rate for AA
compared with the early-PN group. The difference is even
more striking if the stop-PN and the no-PN groups are
combined, where the reduction in false-positive rate for AA
was 90%.

Table II shows similar reductions in “inconclusive” NBS
results between the stop-PN or no-PN and early-PN
groups. The differences are even more striking for the
combined reduction in both false-positive AA and
inconclusive NBS results. The early-PN group had a rate of
20.8% false-positive AA or inconclusive NBS results,
compared with 1.9% in the no-PN group (P < .001), 3.1%
in the stop-PN group (P < .001), and 2.4% in the
combined no-PN/stop-PN groups.

The actual hospital charges and the adjusted actual costs
resulting from the false-positive NBS for AAs in the early-
PN and stop-PN groups are shown in Table III. The stop-
PN strategy resulted in an average saving in cost-to-charge
ratio adjusted cost of $17.27 per infant screened or $192.54
for each false-positive NBS averted. The cost of
inconclusive results was not calculated because the only
follow-up required is to repeat the NBS, however, the NBS
card costs just under $64 in Ohio. It was not possible to

determine whether the repeat NBS testing then led to
additional evaluations, although, it is likely that the false-
positive results in the repeat samples would at least be
similar to the general population.

Discussion

False-positive NBS results are a major concern for NBS pro-
grams. Several studies have identified factors associated with
false-positive NBS, one of the most significant of which is
prematurity and low BW.6-9 Our study focused on AA results
in NBS, which are among the most common false-positive
NBS results. The false-positive rate for AA was 0.3% of total
newborn infants, and approximately 90% of infants with
false-positive AA results are VLBW infants. This finding sug-
gests that VLBW infants are the critical group on which to
focus efforts to reduce false-positive NBS for AAs.
During the last 15 years, multiple studies have demon-

strated that earlier parenteral AA administration (1.0-
3.5 g/kg/d) can reverse negative nitrogen balance, which
should improve protein accretion and growth in VLBW in-
fants.10-12 None of the studies with early AAs administra-
tion up to 2.3 g/kg/d reported metabolic acidosis or
clinically significant hyperaminoacidemia.16 Also, the
plasma concentrations of all essential AAs and most nones-
sential AAs increased with early AA administration and
were more in concordance with reference ranges from
healthy fetuses or breast fed infants.16 In addition, early
parenteral AA intake is associated with a reduction in
insulin-treated hyperglycemia17 and better long-term neu-
rodevelopmental outcomes.18 Thus, early PN containing
AA supplementation in 24 hours of life has become part
of the standard care for VLBW infants.

Table II. False-positive AA and “inconclusive” NBS rates for AAs among infants <1500 g by treatment group

Groups
Total VLBW

infants (n = 420)
Mean [median]
BW in g (range)

Number of false-positive
AA (n = 32)

Number of “inconclusive”
AA results

False-positive
rate AA

Inconclusive
rate

No-PN 103 1324 [1370] (460-1490) 0 2 0%* 1.9%*
Early-PN 245 930 [930] (440-1500) 29 22 11.8% 8.9%
Stop-PN 65 974 [1010] (490-1490) 2 0 3.1%† 0%*
PN status not recorded 7 NA 1 0 14% 0%

NA, not available.
*P < .001 compared with early-PN group.
†P = .037 compared with early-PN group.

Table III. Hospital charge comparison in early-PN and stop-PN groups

Hospital charges for false-positive rate AAs Early-PN group (29/245) Stop-PN group (2/65)

Additional investigations $9485.50 (25 PAA analysis, 5 tHcy level, 2 UOA analysis, 2 ammonia) $707.80 (2 PAA)
Subspecialty consultation $2792.00 (8 ! $349) $0.00
Repeat NBS $1144.98 (18 ! $63.61) $63.61 (1 ! $63.61)
IV dextrose solution $0.00 $91.00 (65 ! $1.4)
Total hospital charges $13 422.50 $862.40
Average hospital charges per infant $54.80 $13.30
Adjusted costs per infant* $22.80 $5.53

IV, intravenous; PAA, plasma AA; tHcy, total homocysteine; UOA, urine organic acid.
*Medicaid hospital specific inpatient cost to charge ratio = 0.416 (www.bwc.ohio.gov).
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Stopping Parenteral Nutrition for 3 Hours Reduces False Positives in
Newborn Screening

Thipwimol Tim-Aroon, MD1,2, Heidi M. Harmon, MD3, Mary L. Nock, MD3, Sreekanth K. Viswanathan, MD3,
and Shawn E. McCandless, MD1,2

Objective To evaluate effects of holding parenteral nutrition (PN) for 3 hours prior to newborn screening (NBS) on
false-positive NBS rate for amino acids (AAs) in very low birth weight (VLBW) infants (birth weight <1500 g).
Study designWe analyzed data from 12 567 consecutive births in 1 hospital between May 2010 and June 2013.
VLBW infants were stratified into 3 groups: (1) infants without PN before NBS (no-PN group); (2) infants with early PN
running at the time of NBS (early-PN group); and (3) infants with early-PN that were temporarily replaced by
dextrose-containing intravenous fluid 3 hours prior to NBS (stop-PN group). We compared the false-positive rate
for AA and cost effectiveness between the groups.
Results The false-positive rate for AA among 413 VLBW infants was significantly higher than infants with birth
weight >1500 g (7.62% vs 0.05%; P < .001). There were no false-positive results for AA in the no-PN group. The
false-positive rate for AA in the stop-PN group (2/65) was significantly lower than the early-PN group (29/245)
(3.1% vs 11.8%; P = .037). The stop-PN group was more cost effective than early-PN group, saving $17.27 per
infant screened ($5.53 vs $22.80) or $192.54 for each false-positive result for AA averted. Further reductions in
inconclusive samples were also noted.
Conclusions VLBW and early-PN are significant factors for false-positive results for AA. Holding PN containing
AAs for 3 hours before NBS collection is a practical and cost-effective method to significantly reduce the false-
positive rate for AA in VLBW infants. (J Pediatr 2015;167:312-6).

N
ewborn screening (NBS) programs for inherited disorders were first introduced in the 1960s with massive expansion
following introduction of tandem mass spectrometry in the 1990s. Like any other medical screening test, false-positive
NBS have medical and economic implications, including need for additional investigations and treatments, added cost

for follow-up tests and other health care utilization, and increased parental stress.1-5

The Ohio NBS program currently screens for at least 34 disorders. The overall false-positive rate for Ohio NBS has been
approximately 1.4%.6 Several studies have shown increased rates of false-positive NBS in preterm infants that are variously
postulated to result from immature organ or endocrine function, underlying illness, transfusion, parenteral nutrition (PN),
inappropriate cut-off values, and timing of NBS collection.6-9 Over the past 15 years, most extremely premature infants are
given PN containing amino acids (AAs) for prevention of catabolic state, nutritional deficiency, and growth restriction10-12

prior to NBS blood collection at 24-48 hours of life. Recent reports demonstrate increased false-positive NBS results for hyper-
methioninemia in premature infants with PN,13 and higher plasma AA concentrations in infants with early parenteral AA.14,15

We hypothesized that holding PN containing AAs before NBS blood collection would reduce false-positive NBS rate for AAs.

Methods

This was a retrospective cohort study using the Rainbow Babies and Children’s (RB&C) Hospital NBS database fromMay 2010
to June 2013. All infants with NBS collected by the institution and with results available in the database were included in the
study population. The study, including review of the medical records, was part of a quality improvement project, evaluating a
similar time period before and after institution of the new protocol. The process and data were reviewed and approved for
publication by the institutional review board of University Hospitals Case Medical Center.
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gradually increased over the study period to just over 80%,
based on review of the records for the patients with abnormal
NBS results.

To determine the actual effect of the stop-PN approach,
when appropriately applied, the data were analyzed based
on groupings related to timing of PN supplementation and
NBS collection. Of 420 VLBW infants, PN status could not
be determined for 7 subjects (1 subject with a false-positive
AA). The remaining 413 VLBW infants with known PN sta-
tus were stratified in 3 groups. The false-positive rates for AA
results in the 3 groups are shown in Table II. The stop-PN
group had a 74% reduction of false-positive rate for AA
compared with the early-PN group. The difference is even
more striking if the stop-PN and the no-PN groups are
combined, where the reduction in false-positive rate for AA
was 90%.

Table II shows similar reductions in “inconclusive” NBS
results between the stop-PN or no-PN and early-PN
groups. The differences are even more striking for the
combined reduction in both false-positive AA and
inconclusive NBS results. The early-PN group had a rate of
20.8% false-positive AA or inconclusive NBS results,
compared with 1.9% in the no-PN group (P < .001), 3.1%
in the stop-PN group (P < .001), and 2.4% in the
combined no-PN/stop-PN groups.

The actual hospital charges and the adjusted actual costs
resulting from the false-positive NBS for AAs in the early-
PN and stop-PN groups are shown in Table III. The stop-
PN strategy resulted in an average saving in cost-to-charge
ratio adjusted cost of $17.27 per infant screened or $192.54
for each false-positive NBS averted. The cost of
inconclusive results was not calculated because the only
follow-up required is to repeat the NBS, however, the NBS
card costs just under $64 in Ohio. It was not possible to

determine whether the repeat NBS testing then led to
additional evaluations, although, it is likely that the false-
positive results in the repeat samples would at least be
similar to the general population.

Discussion

False-positive NBS results are a major concern for NBS pro-
grams. Several studies have identified factors associated with
false-positive NBS, one of the most significant of which is
prematurity and low BW.6-9 Our study focused on AA results
in NBS, which are among the most common false-positive
NBS results. The false-positive rate for AA was 0.3% of total
newborn infants, and approximately 90% of infants with
false-positive AA results are VLBW infants. This finding sug-
gests that VLBW infants are the critical group on which to
focus efforts to reduce false-positive NBS for AAs.
During the last 15 years, multiple studies have demon-

strated that earlier parenteral AA administration (1.0-
3.5 g/kg/d) can reverse negative nitrogen balance, which
should improve protein accretion and growth in VLBW in-
fants.10-12 None of the studies with early AAs administra-
tion up to 2.3 g/kg/d reported metabolic acidosis or
clinically significant hyperaminoacidemia.16 Also, the
plasma concentrations of all essential AAs and most nones-
sential AAs increased with early AA administration and
were more in concordance with reference ranges from
healthy fetuses or breast fed infants.16 In addition, early
parenteral AA intake is associated with a reduction in
insulin-treated hyperglycemia17 and better long-term neu-
rodevelopmental outcomes.18 Thus, early PN containing
AA supplementation in 24 hours of life has become part
of the standard care for VLBW infants.
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rate AA

Inconclusive
rate

No-PN 103 1324 [1370] (460-1490) 0 2 0%* 1.9%*
Early-PN 245 930 [930] (440-1500) 29 22 11.8% 8.9%
Stop-PN 65 974 [1010] (490-1490) 2 0 3.1%† 0%*
PN status not recorded 7 NA 1 0 14% 0%

NA, not available.
*P < .001 compared with early-PN group.
†P = .037 compared with early-PN group.
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Additional investigations $9485.50 (25 PAA analysis, 5 tHcy level, 2 UOA analysis, 2 ammonia) $707.80 (2 PAA)
Subspecialty consultation $2792.00 (8 ! $349) $0.00
Repeat NBS $1144.98 (18 ! $63.61) $63.61 (1 ! $63.61)
IV dextrose solution $0.00 $91.00 (65 ! $1.4)
Total hospital charges $13 422.50 $862.40
Average hospital charges per infant $54.80 $13.30
Adjusted costs per infant* $22.80 $5.53

IV, intravenous; PAA, plasma AA; tHcy, total homocysteine; UOA, urine organic acid.
*Medicaid hospital specific inpatient cost to charge ratio = 0.416 (www.bwc.ohio.gov).
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Abstract

Background: Short-chain enoyl-CoA hydratase (SCEH, encoded by ECHS1) catalyzes hydration of 2-trans-enoyl-CoAs to
3(S)-hydroxy-acyl-CoAs. SCEH has a broad substrate specificity and is believed to play an important role in mitochondrial
fatty acid oxidation and in the metabolism of branched-chain amino acids. Recently, the first patients with SCEH
deficiency have been reported revealing only a defect in valine catabolism. We investigated the role of SCEH in fatty
acid and branched-chain amino acid metabolism in four newly identified patients. In addition, because of the Leigh-like
presentation, we studied enzymes involved in bioenergetics.

Methods: Metabolite, enzymatic, protein and genetic analyses were performed in four patients, including two siblings.
Palmitate loading studies in fibroblasts were performed to study mitochondrial β-oxidation. In addition, enoyl-CoA
hydratase activity was measured with crotonyl-CoA, methacrylyl-CoA, tiglyl-CoA and 3-methylcrotonyl-CoA both in
fibroblasts and liver to further study the role of SCEH in different metabolic pathways. Analyses of pyruvate
dehydrogenase and respiratory chain complexes were performed in multiple tissues of two patients.

Results: All patients were either homozygous or compound heterozygous for mutations in the ECHS1 gene,
had markedly reduced SCEH enzymatic activity and protein level in fibroblasts. All patients presented with lactic
acidosis. The first two patients presented with vacuolating leukoencephalopathy and basal ganglia abnormalities.
The third patient showed a slow neurodegenerative condition with global brain atrophy and the fourth patient
showed Leigh-like lesions with a single episode of metabolic acidosis. Clinical picture and metabolite analysis were
not consistent with a mitochondrial fatty acid oxidation disorder, which was supported by the normal palmitate
loading test in fibroblasts. Patient fibroblasts displayed deficient hydratase activity with different substrates tested.
Pyruvate dehydrogenase activity was markedly reduced in particular in muscle from the most severely affected
patients, which was caused by reduced expression of E2 protein, whereas E2 mRNA was increased.

Conclusions: Despite its activity towards substrates from different metabolic pathways, SCEH appears to be only
crucial in valine metabolism, but not in isoleucine metabolism, and only of limited importance for mitochondrial
fatty acid oxidation. In severely affected patients SCEH deficiency can cause a secondary pyruvate dehydrogenase
deficiency contributing to the clinical presentation.

Keywords: Crotonase, Branched-chain amino acid metabolism, Mitochondrial fatty acid oxidation, Leigh disease,
Pyruvate dehydrogenase complex
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Background
Short-chain enoyl-CoA hydratase (SCEH, EC4.2.1.17)
also called crotonase, encoded by ECHS1 catalyzes the
hydration of 2-trans-enoyl-CoAs to 3(S)-hydroxy-acyl-
CoAs [1] (Fig. 1). SCEH is believed to be one of the key
enzymes of the mitochondrial β-oxidation machinery,
catalyzing the second step of mitochondrial β-oxidation of
short- and medium-chain fatty acyl-CoAs [2]. The first
step of mitochondrial fatty acid oxidation for medium- and

short-chain fatty acyl-CoAs is catalyzed by medium-chain
acyl-CoA dehydrogenase (MCAD, encoded by ACADM)
and short-chain acyl-CoA dehydrogenase (SCAD, encoded
by ACADS), respectively. After formation of 3-hydroxy-
acyl-CoAs by SCEH, the third and fourth steps are cata-
lyzed by the medium- and short-chain hydroxyacyl-CoA
dehydrogenase (M/SCHAD, encoded by HADH) and
medium-chain 3-ketoacyl-CoA thiolase (MCKAT, encoded
by ACAA2) [2]. SCEH has broad substrate specificity for
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Fig. 1 Biochemical pathways. The SCEH enzyme encoded by the ECHS1 gene is involved in different metabolic pathways. On the left side the pathways
of valine, isoleucine and leucine are depicted. On the right side the pathway of medium/short-chain fatty acid oxidation is depicted. BCAT, branched-
chain aminotransferase; BCKD complex, branched-chain alpha-keto acid dehydrogenase complex; HIBCH, 3-hydroxyisobutyryl-CoA hydrolase; HIBADH,
3-hydroxyisobutyrate dehydrogenase; HMG-CoA lyase, 3-hydroxy-3-methylglutaryl-CoA lyase; MHBD, 2-methyl-3-hydroxybutyryl-CoA dehydrogenase;
MGH, 3-methylglutaconyl-CoA hydratase; IBD, isobutyryl-CoA dehydrogenase; IVD, isovaleryl-CoA dehydrogenase; MCAD, medium-chain acyl-CoA
dehydrogenase; MCC, 3-methylcrotonyl-CoA carboxylase; MMSDH, methylmalonate semialdehyde dehydrogenase; SBCAD, short branched-chain acyl-CoA
dehydrogenase; SCAD, short-chain acyl-CoA dehydrogenase; SCEH, short-chain enoyl-CoA hydratase; SCHAD, short-chain 3-hydroxyacyl-CoA
dehydrogenase
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showed Leigh-like lesions with a single episode of metabolic acidosis. Clinical picture and metabolite analysis were
not consistent with a mitochondrial fatty acid oxidation disorder, which was supported by the normal palmitate
loading test in fibroblasts. Patient fibroblasts displayed deficient hydratase activity with different substrates tested.
Pyruvate dehydrogenase activity was markedly reduced in particular in muscle from the most severely affected
patients, which was caused by reduced expression of E2 protein, whereas E2 mRNA was increased.

Conclusions: Despite its activity towards substrates from different metabolic pathways, SCEH appears to be only
crucial in valine metabolism, but not in isoleucine metabolism, and only of limited importance for mitochondrial
fatty acid oxidation. In severely affected patients SCEH deficiency can cause a secondary pyruvate dehydrogenase
deficiency contributing to the clinical presentation.

Keywords: Crotonase, Branched-chain amino acid metabolism, Mitochondrial fatty acid oxidation, Leigh disease,
Pyruvate dehydrogenase complex
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During the next hours, she developed lactic acidosis in-
creasing from 6.5 mM to 12.1 mM as glucose infusion
was increased from 5.5 to 8.3 mg/(kg.min). A brain MRI
showed bilateral periventricular cysts and acute to sub-
acute necrotizing encephalomalacia in the cerebral white
matter but with a normal corpus callosum (Fig. 2). Due to
the suspicion of pyruvate dehydrogenase deficiency, intra-
venous ketogenic diet with a ketogenic ratio of 4:1 was ini-
tiated. The next day, the child became unresponsive and
unstable, developed pulmonary hypertension with ductus
arteriosis shunting and hemodynamic instability with
hypoxic respiratory failure, and required high frequency
oscillatory ventilation, inotropic and pressor support,
and inhaled nitric oxide. Lactic acidosis remained stable
around 8 to 10 mM, ketones developed with plasma 3-
hydroxybutyrate increasing from 0.3 to a maximum of
1.5 mM, with serum triglycerides 225 mg/dL. The child
developed an additional large non-anion gap metabolic
acidosis of 10 to 12 mM requiring bicarbonate supple-
mentation. Liver size and function remained normal.
Urine organic acids analysis revealed a high lactate peak
with little ketones, and a large peak of 2-methyl-2,
3-dihydroxybutyrate. Plasma amino acids showed elevated
alanine 1381 μM (normal 131–710 μM) and proline
506 μM (normal 110–417 μM). Plasma acylcarnitine
profile showed mildly increased short, medium and long-
chain carnitine esters especially elevated C3 1.11 μM
(reference range 0–0.55 μM) and elevated C4 1.26 μM
(0–0.46 μM). Ketogenic diet was discontinued for failure
to achieve sufficient ketosis. Given the worsening clinical
status and poor prognosis, intensive care support was
withdrawn and the child died on the second day of life. A
rapid metabolic autopsy was performed in less than one
hour after her death. Pathological examination of the

brain revealed macrocystic and microcystic white matter
degeneration with periventricular cysts, cerebral and cere-
bellar white matter gliosis. There was mild thinning of the
corpus callosum, and rare focal neuronal heterotopia and
dyslamination. There was some excess glycogen in muscle
and liver, with hepatic macrovesicular and microvesicular
steatosis. The mitochondria appeared normal on electron
microscopy. Sequencing of mitochondrial DNA and of
POLG1 in blood did not reveal a pathogenic mutation.
Genomic copy number variants were evaluated with a
negative targeted array comparative genomic hybridi-
zation (aCGH) for mitochondrial and metabolism genes
(mitomet array), which showed a copy number loss of un-
known significance [arr 7q36.3 (158431591–158612961) ×1].
Due to the significant decrease in pyruvate dehy-
drogenase enzyme activity, PDHA1, PDHB, DLAT and
PDHX genes and the genes for the pyruvate carrier
MPC1 and MPC2 were all sequenced but no mutations
were identified.

Patient 3
The patient was a 7 year-old girl, first child to non-
consanguineous parents of Iraqi-Turkish Jewish ancestry
on the paternal side and Iraqi-Libyan Jewish ancestry on
the maternal side. Following an uneventful pregnancy,
the child was born at term, birth weight of 2.80 kg and
head circumference of 32 cm. Low muscle tone and
failure to gain developmental milestones were noted
since early infancy. At 4 months of age microcephaly,
bilateral sensorineural hearing loss and bilateral optic
atrophy were noted. The patient was fed via gastrostomy
because of swallowing difficulty. Recurrent apnea with
desaturation necessitated placement of a tracheostomy
and mechanical ventilation. Brain MRI revealed mild
ventricular dilatation at 2 months but on repeated exam-
ination at the age of 12 months, there was generalized
atrophy of the grey matter, thinning of the corpus callo-
sum, and symmetrical atrophy of the cerebellum and
brain stem. Transient non-obstructive hypertrophy of
the inter-ventricular septum was reported at 18 months
but resolved on repeated examination at age 3 years. At
age 7 years, weight was at the 95th percentile, length
10th percentile, and head circumference below the third
percentile. The palms and face were edematous, and the
eyes were wandering. There were no voluntary move-
ments, but there was withdrawal in response to pain.
She had low tone and contractures of the large joints.
Elevated levels of blood lactate 3.9–7.2 mM (nor-

mal <2.2 mM) and of alanine 700 μM (normal <547 μM)
were repeatedly noted. Urinary organic acids analysis
revealed increased excretion of lactate, Krebs cycle
metabolites, 2-methyl-2,3-dihydroxybutyrate and 3-
methylglutaconic acid. Urine metabolite screening by
tandem mass spectrometry showed increased levels of

Fig. 2 Brain MRI of patient 2. FLAIR images of the brain of patient 2
showing multiple periventricular cystic lesions in addition to
attenuated signal in the subcortical white matter
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version 2012-07-20) and variants identified by GATK
(Genome Analysis Toolkit, v2.1-8-g5efb575). Only non-
synonymous coding variants, coding indels and variants
affecting splice sites were retained for further analysis.
Common variants present in dbSNP and 1000 Genomes
data were filtered out. Parental exome sequencing data was
used to analyze variants following various inheritance
models including dominant (de novo mutations) and
recessive (compound heterozygous, homozygous, and
X-linked hemizygous mutations) models. Only mutations
in a single gene, ECHS1, were identified using an auto-
somal recessive inheritance model.
For patient 3, exonic sequences were enriched in the

DNA sample of the patient using SureSelect Human All
Exon 50 Mb Kit (AgilentTechnologies, Santa Clara,
California, USA). Sequences were determined by HiSeq2000
(Illumina, San Diego, California, USA) and 100-bp were
read paired-end. Reads alignment and variant calling
were performed with DNAnexus software (Palo Alto,
California, USA) using the default parameters with the
human genome assembly hg19 (GRCh37) as a reference.
Aligning the patient’s 50.80 million reads to the reference
human genome revealed 141,096 variants. After removal
of variants of low depth (<×8), deep intronic, and those
present in dbSNP132 or in the in-house dbSNP, variants
were sorted for autosomal recessive inheritance mode and
for predicted pathogenicity by Mutation Taster software.
Only a single set of heterozygous mutations was identified,
and these were localized in the ECHS1 gene.
In patient 4, genomic DNA was extracted from cultured

skin fibroblasts using standard methods. The exons and

flanking intronic sequences of the ECHS1 gene were se-
quenced after amplification by PCR from genomic DNA
using intronic primers with −21 M13 (5′-TGTAAAAC
GACGGCCAGT-3′) or M13-Rev (5′-CAGGAAACAGC
TATGACC-3′) extensions. PCR fragments were se-
quenced with −21 M13 and M13-Rev sequence primers
using BigDye Terminator cycle sequencing kits (Applied
Biosystems, Foster City, CA, USA). Mutations in pa-
tients 1–3 were verified by Sanger sequencing. Sequence
data were compared to the reference ECHS1 sequence
[GenBank:NM_004092] with nucleotide numbering start-
ing at the first adenine of the translation initiation codon
ATG.

RNA isolation and real-time quantitative PCR (RT-qPCR)
RNA was extracted from the patient 1 skeletal muscle,
as well as from 3 control pediatric muscle specimens.
RNA isolation, cDNA synthesis and RT-qPCR was
performed as described [9]. The following DLAT cDNA
specific primers were used: GGCCAACCGAAGTAACA
GAT (forward) and GCTGAAGGTGTAGGAGCTAAAG
(reverse). All qRT-PCR reactions were performed in tripli-
cate and normalized to GAPDH expression in the tissue.

Enzyme assays and immunoblot analysis
SCEH
SCEH activity was measured in cultured skin fibroblasts
of patients 1–4 and in liver from patients 1 and 2. SCEH
activity with crotonyl-CoA (C4:1-CoA) as substrate was
determined as described in [6]. SCEH activity with
methacrylyl-CoA and tiglyl-CoA was measured after

Fig. 3 Brain MRI of patient 4. Brain MRI of patient 4 showing lesions in the basal ganglia (1) and mesencephalon (2). Bilateral hyperintensities are
present in the globi pallidi and the left caudate at the age of 12 months (1a) and display progressive degenerative evolution to atrophy after
1 month (1b) and 6 months (1c) of the disease course. The substantia nigra shows acute lesions at 12 months of age (2a) and evolving into
atrophy after 6 months (2b)
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thiolase.1 Therefore, complete SCOT deficiency may encompass
a complete defect of ketone body utilization in extrahepatic
tissues; even in complete T2 deficiency, however, ketone bodies
can be used to some extent in extrahepatic tissues. This may
explain why permanent ketosis is present in complete SCOT
deficiency but not in complete T2 deficiency.

The SCOT step is used only for ketone body utilization, and
there are no characteristic metabolites except for large amounts
of ketone bodies. In contrast, T2 catalyzes acetoacetyl-CoA
cleavage in ketone body utilization and 2-methylacetoacetyl-
CoA (2MAA-CoA) cleavage in the isoleucine catabolic pathway
(Fig. 1). Hence, T2 deficiency is characterized by accumulated
metabolites in isoleucine catabolism. In urinary organic
acid analysis, excretion of tiglylglycine (TIG), 2-methyl-3-
hydroxybutyrate (2M3HB) and 2-methylacetacetate (2MAA) are

characteristic of T2 deficiency. In blood acylcarnitine analysis,
elevated blood tiglylcarnitine (C5:1 carnitine) and 2-methyl-3-
hydroxybutyrylcarnitine (2M3HB-carnitine/C5-OH carnitine)
are observed. T2-deficient patients with mild genotype, however,
do not show typical profiles in these analyses.

Enzyme assay and/or molecular diagnosis are essential for
confirming diagnosis because (i) SCOT deficiency cannot be
diagnosed on metabolite analysis such as urinary organic acid
analysis or acylcarnitine analysis; and (ii) some T2-deficient
patients do not have typical metabolic profiles.

SCOT deficiency in Japan

Five cases of SCOT deficiency from three families in Japan are
summarized in Table 2. Patient GS02 and the younger sister
(GS02s) were typical SCOT-deficient patients presenting

Table 1 Clinical profile of ketone body utilization disorders

SCOT deficiency T2 deficiency

Genotype Genotype

Severe Mild Severe Mild

Onset Between neonatal period and 2 years old Between approx. 5 months and 2 years (rarely during neonatal period)

Permanent ketosis Observed Not observed Not observed Not observed
Urinary organic acid

analysis
No characteristic

finding
No characteristic

finding
Elevated TIG,

2M3HB and
2MAA

During ketoacidosis, no or slightly elevated TIG,
elevated 2M3HB and 2MAA.

During non-episodic conditions, slightly elevated
2M3HB or no characteristic finding.

Blood acylcarnitine
analysis

No characteristic
finding

No characteristic
finding

Elevated
tiglylcarnitine
and 2M3HB
carnitine

During ketoacidosis, slightly elevated
tiglylcarnitine and 2M3HB carnitine or no
characteristic finding.

No. patients worldwide >30 patients >100 patients

No. patients in Japan 2 cases in
1 family

4 cases in 3
families

1 case 7 cases in 6 families

2MAA, 2-methylacetoacetyl; 2M3HB, 2-methyl-3-hydroxybutyryl; SCOT, succinyl-CoA:3-ketoacid CoA transferase; T2, mitochondrial
acetoacetyl-CoA thiolase; TIG, tiglylglycine.

Fig. 2 Diagnostic flow chart of ketone
body utilization disorders. FFA, free
fatty acids; SCOT, succinyl-CoA:3-
ketoacid CoA transferase; TKB, total
ketone bodies; T2, mitochondrial
acetoacetyl-CoA thiolase.
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Abstract Succinyl-CoA:3-ketoacid CoA transferase (SCOT) deficiency and mitochondrial acetoacetyl-CoA thiolase (beta-
ketothiolase or T2) deficiency are classified as autosomal recessive disorders of ketone body utilization characterized by
intermittent ketoacidosis. Patients with mutations retaining no residual activity on analysis of expression of mutant
cDNA are designated as severe genotype, and patients with at least one mutation retaining significant residual activity,
as mild genotype. Permanent ketosis is a pathognomonic characteristic of SCOT-deficient patients with severe genotype.
Patients with mild genotype, however, may not have permanent ketosis, although they may develop severe ketoacidotic
episodes similar to patients with severe genotype. Permanent ketosis has not been reported in T2 deficiency. In
T2-deficient patients with severe genotype, biochemical diagnosis is done on urinary organic acid analysis and blood
acylcarnitine analysis to observe characteristic findings during both ketoacidosis and non-episodic conditions. In Japan,
however, it was found that T2-deficient patients with mild genotype are common, and typical profiles were not identified
on these analyses. Based on a clinical study of ketone body utilization disorders both in Japan and worldwide, we have
developed guidelines for disease diagnosis and treatment. These diseases are treatable by avoiding fasting and by
providing early infusion of glucose, which enable the patients to grow without sequelae.
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Ketone bodies are important alternative energy sources for main-
taining blood glucose level. Ketone bodies, however, are acids
and cause ketoacidosis when accumulated, which is hazardous to
life.1 Among patients with severe ketoacidosis, some are affected
with inborn errors of ketone body metabolism. Succinyl-CoA:3-
ketoacid CoA transferase (SCOT, gene symbol OXCT1)
deficiency and mitochondrial acetoacetyl-CoA thiolase (beta-
ketothiolase or T2, gene symbol ACAT1) deficiency are rare
inherited metabolic disorders. Approximately 130 cases world-
wide and 10 families in Japan have been reported to present with
these two disorders.2–44 Both SCOT and T2 deficiencies are
autosomal recessive disorders, characterized by intermittent
ketoacidosis. Some patients who experience severe ketoacidosis
develop psychomotor retardation or even die. If, however,
patients are properly diagnosed, inexpensive preventive measures
can be effective, and normal development is expected.

We have been studying the pathophysiology of these disorders
and have diagnosed both Japanese patients and those of other

nationalities with these disorders. We found that patients with
mutations that retain some residual activity are biochemically
different from typical patients with these disorders, based on
analysis of Japanese patients.5,6,16,22,26,27,32,38,43

In this review, we provide an overview of ketone body
metabolism and summarize cases of SCOT deficiency and T2
deficiency in Japan. Furthermore, we provide an English-
language version of recent guidelines for the diagnosis and treat-
ment of these diseases, originally developed in Japanese in 2012
with support from Health and Labour Science Research Grants
for Research on Intractable Diseases from the Ministry of Health,
Labour and Welfare of Japan.

Ketone body metabolism

Acetoacetate (AcAc) and 3-hydroxybutyrate (3HB) are the two
main ketone bodies. They are 4-carbon carboxylic acids, hence
accumulation in excess results in ketoacidosis. Ketone bodies,
however, play an important role as vectors of energy transport
from the liver to extrahepatic tissues, especially during shortages
of glucose. It should be noted that the brain uses ketone bodies as
an energy source.1

An overview of ketone body metabolism is given in Figure 1.
Free fatty acids (FFA) are supplied from adipose tissues.
In hepatocytes, beta-oxidation produces large amounts of
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thiolase.1 Therefore, complete SCOT deficiency may encompass
a complete defect of ketone body utilization in extrahepatic
tissues; even in complete T2 deficiency, however, ketone bodies
can be used to some extent in extrahepatic tissues. This may
explain why permanent ketosis is present in complete SCOT
deficiency but not in complete T2 deficiency.

The SCOT step is used only for ketone body utilization, and
there are no characteristic metabolites except for large amounts
of ketone bodies. In contrast, T2 catalyzes acetoacetyl-CoA
cleavage in ketone body utilization and 2-methylacetoacetyl-
CoA (2MAA-CoA) cleavage in the isoleucine catabolic pathway
(Fig. 1). Hence, T2 deficiency is characterized by accumulated
metabolites in isoleucine catabolism. In urinary organic
acid analysis, excretion of tiglylglycine (TIG), 2-methyl-3-
hydroxybutyrate (2M3HB) and 2-methylacetacetate (2MAA) are

characteristic of T2 deficiency. In blood acylcarnitine analysis,
elevated blood tiglylcarnitine (C5:1 carnitine) and 2-methyl-3-
hydroxybutyrylcarnitine (2M3HB-carnitine/C5-OH carnitine)
are observed. T2-deficient patients with mild genotype, however,
do not show typical profiles in these analyses.

Enzyme assay and/or molecular diagnosis are essential for
confirming diagnosis because (i) SCOT deficiency cannot be
diagnosed on metabolite analysis such as urinary organic acid
analysis or acylcarnitine analysis; and (ii) some T2-deficient
patients do not have typical metabolic profiles.

SCOT deficiency in Japan

Five cases of SCOT deficiency from three families in Japan are
summarized in Table 2. Patient GS02 and the younger sister
(GS02s) were typical SCOT-deficient patients presenting

Table 1 Clinical profile of ketone body utilization disorders

SCOT deficiency T2 deficiency

Genotype Genotype

Severe Mild Severe Mild

Onset Between neonatal period and 2 years old Between approx. 5 months and 2 years (rarely during neonatal period)

Permanent ketosis Observed Not observed Not observed Not observed
Urinary organic acid

analysis
No characteristic

finding
No characteristic

finding
Elevated TIG,

2M3HB and
2MAA

During ketoacidosis, no or slightly elevated TIG,
elevated 2M3HB and 2MAA.

During non-episodic conditions, slightly elevated
2M3HB or no characteristic finding.

Blood acylcarnitine
analysis

No characteristic
finding

No characteristic
finding

Elevated
tiglylcarnitine
and 2M3HB
carnitine

During ketoacidosis, slightly elevated
tiglylcarnitine and 2M3HB carnitine or no
characteristic finding.

No. patients worldwide >30 patients >100 patients

No. patients in Japan 2 cases in
1 family

4 cases in 3
families

1 case 7 cases in 6 families

2MAA, 2-methylacetoacetyl; 2M3HB, 2-methyl-3-hydroxybutyryl; SCOT, succinyl-CoA:3-ketoacid CoA transferase; T2, mitochondrial
acetoacetyl-CoA thiolase; TIG, tiglylglycine.

Fig. 2 Diagnostic flow chart of ketone
body utilization disorders. FFA, free
fatty acids; SCOT, succinyl-CoA:3-
ketoacid CoA transferase; TKB, total
ketone bodies; T2, mitochondrial
acetoacetyl-CoA thiolase.
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QUÍMICA – 12º ANO     Equilíbrio de Oxidação–Redução 
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EQUILÍBRIO DE OXIDAÇÃO – REDUÇÃO 

 
 
1. REACÇÕES DE OXIDAÇÃO – REDUÇÃO 
 
 Antigamente:  
     Oxidação: combinação com o oxigénio. 
     Redução: perda de oxigénio. 
 
Estes conceitos evoluíram e hoje com a Teoria Atómica, define-se Reacção 
de Oxidação – Redução como uma reacção química em que ocorre 
transferência de electrões. 
 
        Redução: ganha 2e– 
 

Zn (s) + Cu2+(aq)  →→  Zn2+(aq) + Cu(s) 
 
     Oxidação: perde 2 e– 
 
Semi–equação de oxidação: Zn (s)                  Zn2+(aq) + 2e– 
 
Semi–equação de redução:   Cu2+(aq) + 2e–           Cu(s)          
      
Eq. Global de Oxidação-Redução      Zn (s) + Cu2+(aq)          Zn2+(aq) + Cu(s) 
(Redox) 
 
Assim, 
 O Zn é a espécie Redutora, porque: 

– cede electrões 
– sofre oxidação. 

 
 O Cu2+ é a espécie Oxidante, porque: 

– capta electrões 
– sofre redução. 
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comum?	
  



EVITAR	
  O	
  JEJUM	
  
	
  

Qual	
  a	
  pedra	
  chave	
  para	
  o	
  tratamento	
  da	
  MCAD	
  /defeito	
  
oxidação	
  dos	
  ácidos	
  gordos?	
  

GLICOSE	
  EV	
  /PO	
  



1.	
  Β-­‐OXIDAÇÃO	
  
2.	
  DISPONIBILIDADE	
  	
  CARNITINA	
  (COFACTOR)	
  
3.	
  AG.	
  PENETRAREM	
  NA	
  MITOCÔNDRIA	
  
4.	
  EVITAR	
  FORMAÇÃO	
  	
  CORPOS	
  CETÓNICOS	
  

Os	
  defeitos	
  de	
  Oxidação	
  causam	
  sintomatologia	
  por	
  
ruptura	
  a	
  nível	
  de	
  4	
  passos.	
  Quais	
  são	
  estes	
  passos?	
  

c	
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Figura 1.1 – Via mitocondrial da oxidação dos ácidos gordos. No centro do painel, a via está dividida nas 
suas quatro maiores componentes que estão em detalhe nos esquemas laterais. Os locais que identificam 
doenças estão sublinhados e com contorno amarelo está referido o ciclo que é objecto deste estudo. A entrada 
da carnitina na célula; CPT1: carnitina palmitoiltransferase 1; CPT2: carnitina palmitoiltransferase 2; 
TRANS: transportador carnitina acilcarnitina translocase. Adaptado de (Fernandes et al. 2006).   
 
 

 

1.3. Fisiopatologia das doenças da oxidação dos ácidos gordos 

 
Cerca de 25 enzimas e proteínas específicas de transporte são responsáveis pelos passos do 

metabolismo mitocondrial dos ácidos gordos. Defeitos em muitas delas provocam doença 

nos humanos. A clínica é provocada por um ou dois mecanismos básicos: intoxicação ou 

défice energético, que podem estar isolados ou combinados.  

 

Como consequência do  defeito  da  β-oxidação existem acumulações intracelulares de uma 

série de ácidos gordos e seus derivados. Os ésteres de acil-CoA acumulados dependem do 

tipo de bloqueio enzimático. Como há um défice de acetil-CoA, não é possível activação 

da gluconeogénese nem da ureogénese, também não há formação de corpos cetónicos, e 



AG.	
  DE	
  CADEIA	
  CURTA	
  E	
  MÉDIA	
  
	
  

Os	
  defeitos	
  do	
  ciclo	
  da	
  carniIna	
  não	
  afectam	
  o	
  
processamento	
  de	
  que	
  Ipo	
  de	
  Ácidos	
  Gordos	
  



ANTES	
  DOS	
  2	
  ANOS	
  DE	
  IDADE	
  

Em	
  que	
  idade	
  é	
  que	
  os	
  doentes	
  com	
  MCAD	
  
apresentam	
  habitualmente	
  sintomas?	
  



MUITO	
  BAIXA	
  

Como	
  tratar	
  o	
  defeito	
  do	
  transportador	
  da	
  carniIna	
  
(carniIne	
  uptake	
  defect	
  -­‐CUD)?	
  

Nesta	
  patologia	
  que	
  valor	
  de	
  carniIna	
  espera	
  
encontrar	
  ?	
  

DAR	
  CARNITINA	
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No interior da mitocôndria inicia-se  a  espiral  da  β-oxidação, série cíclica de reacções, que 

remove electrões via FADH2 e NADH2 para a síntese de ATP e sequencialmente degrada 

os ácidos gordos em acetil-CoA convertidos em corpos cetónicos no fígado. Os AG de 

cadeia curta e média (C4 a C12) passam directamente a matriz mitocondrial sem 

precisarem do sistema de transporte da carnitina (Brivet et al. 1999). 

             

 
Figura 1.2 – Representação esquemática do ciclo da carnitina. TC-transportador de carnitina; CPT1- 
carnitina palmitoiltransferase 1; CACT-carnitina acilcarnitina translocase; CPT2-carnitina 
palmitoiltransferase 2; AGCC-ácidos gordos de cadeia curta; AGCM-ácidos gordos de cadeia média; AGCL-
ácidos gordos de cadeia longa; AS-acilCoA sintetase, adaptada de (Quintana and Crespo 2001). 
 

 

 

1.6. Proteína transportadora de carnitina 

 
O transportador de carnitina, organic cation transporter (OCTN2) faz parte de uma família 

de proteínas transportadoras de solutos da membrana plasmática que incluiu 

transportadores multiespecíficos de catiões orgânicos, aniões e iões dipolares (Lamhonwah 

and Tein 1999). É um transportador de carnitina dependente de Na+, essencial para o 

metabolismo dos ácidos gordos, que também transporta o catião orgânico tetraetilamónio 



LCHAD	
  -­‐	
  	
  LONG	
  CHAIN	
  HYDROXYL-­‐COA	
  
DEHYDROGENASE	
  

(DEF.	
  HIDROXIL	
  COA	
  DESIDROGENASE	
  
DE	
  CADEIA	
  LONGA	
  )	
  

As	
  mães	
  de	
  fetos	
  afectados	
  com	
  que	
  patologia	
  têm	
  
maior	
  risco	
  de	
  apresentar	
  síndrome	
  de	
  HELLP	
  na	
  

gravidez?	
  
	
  



LCHAD	
  

Se	
  suspeitar	
  de	
  uma	
  deficiência	
  da	
  β-­‐oxidaIon	
  e	
  o	
  
doente	
  também	
  Iver	
  reInopaIa	
  pigmentar	
  qual	
  a	
  

patologia	
  mais	
  provável?	
  
	
  



MCAD	
  

Quais	
  as	
  alterações	
  nos	
  Ácidos	
  Orgânicos	
  
encontrados	
  nesta	
  patologia?	
  

	
  

Num	
  doente	
  com	
  ésteres	
  C	
  8,	
  C	
  8:1	
  e	
  C	
  10:1	
  
elevados	
  indicam	
  que	
  Ipo	
  de	
  defeito	
  de	
  β-­‐oxidação	
  

dos	
  Ácidos	
  Gordos?	
  
	
  



Def.	
  Metabolismo	
  Β-­‐oxidação	
  
–	
  MCAD,	
  LCHAD,	
  VLCAD,	
  CPT	
  1	
  E	
  2…	
  
D.	
  “Endocinológica”	
  	
  
-­‐	
  Hiperinsulinismo	
  (EIologia)	
  
3HO-­‐meIlglutarilCoA	
  Liase	
  
	
  (Met.	
  Leucina	
  è3HOMGC)	
  
	
  

Que	
  estados	
  hipocetósicos	
  Conhece?	
  



§  Hipercetose	
  Fisiológica	
  	
  
–	
  jejum	
  (êglicose),	
  RN,	
  gravidez	
  
D.	
  Endocinológica	
  	
  -­‐diabetes	
  
Hipoglicémia	
  CetóIca	
  IdiopáIca	
  
Intoxicações	
  	
  -­‐	
  álcool,	
  aspirina	
  
D.	
  Metabólicas	
  Várias	
  	
  
	
  

Que	
  situações	
  de	
  hipercetose/cetacidose	
  
conhece?	
  



TFP	
  

Caso	
  Clinico	
  
Grávida,	
  35	
  anos	
  2	
  gravidezes	
  anteriores	
  	
  s/	
  complicaçoes	
  
Às	
  35	
  sem.	
  Náuseas,	
  vómitos,	
  malestar,	
  fadiga.	
  Hipersensibilidade	
  
HC	
  dto	
  
AST_293U,	
  Br	
  5mg/dl,	
  TP-­‐15.3”	
  Fibrinogenio	
  ê,	
  Plaquetas	
  75	
  000	
  
Serologias	
  para	
  HepaIte	
  negaIvas	
  
Ecografia:	
  esteatose	
  hepáIca	
  difusa	
  
Parto	
  cesareana	
  por	
  SF;	
  Ligeira	
  hemorragia	
  
Resolução	
  da	
  sintomatologia	
  e	
  das	
  alterações	
  laboratoriais	
  
	
  
Aos	
  4meses-­‐letargia,	
  coma,	
  hipoglicémia,	
  acidose	
  metabólica	
  
	
  
	
  
	
  



FETOS	
  COM	
  LCHAD	
  ~50%	
  hipótese	
  de	
  
doença	
  hepáIca	
  materna	
  na	
  gravidez	
  
–	
  30%	
  HELLP	
  	
  
–	
  30%	
  AFLP	
  	
  
	
  

DOENÇA	
  HEPÁTICA	
  MATERNA	
  	
  
•	
  HELLP	
  syndrome	
  (Hemolysis,	
  Elevated	
  	
  
Liver	
  enzymes,	
  Low	
  Platelets)	
  
–	
  0.1-­‐1%	
  	
  dos	
  partos	
  
–	
  4-­‐12%	
  das	
  mulheres	
  com	
  eclampsia	
  
-­‐	
  1-­‐2%	
  fetos	
  com	
  LCHAD	
  
•	
  AFLP	
  (Acute	
  Fa�y	
  Liver	
  of	
  Pregnancy)	
  
	
  –	
  1/1,000-­‐1/15,000	
  partos	
  
-­‐	
  20%	
  fetos	
  com	
  LCHAD	
  
	
  



CORPOS	
  CETÓNICOS	
  

A	
  oxidação	
  dos	
  ácidos	
  gordos	
  é	
  também	
  necessária	
  
para	
  produzir	
  que	
  outro	
  	
  

substrato	
  energéQco	
  alternaQvo?	
  



ARRITMIAS	
  /MORTE	
  SÚBITA	
  
MIOCARDIOPATIA	
  

Na	
  deficiência	
  da	
  VLCAD	
  qual	
  a	
  apresentação	
  mais	
  
frequente?	
  

	
  



Tipos	
  de	
  Ácidos	
  Gordos	
  



SINTOMAS	
  MAIS	
  FREQUENTES	
  

CUD	
   MiocardiopaIa	
  dilatada	
  
Hipoglicémia	
  hipocetóIca	
  
MiopaIa	
  	
  

CPT1	
   Hipoglicémia	
  hipocetóIca	
  

CACT	
   MiocardiopaIa	
  hipertrófica	
  com	
  hypoglycemia	
  Hipoglicémia	
  hipocetóIca	
  

CPT2	
   MiocardiopaIa	
  neonatal	
  com	
  Hipoglicémia	
  hipocetóIca	
  e	
  morte	
  na	
  1ª	
  sem	
  
Hipoglicémia	
  hipocetóIca	
  na	
  infância	
  
Rabdomiólise	
  no	
  adulto/criança	
  maior	
  

VLCAD	
  	
   Hipoglicémia	
  hipocetóIca	
  
MiocardiopaIa	
  hipertrófica	
  com	
  hipoglicémai	
  hipocetóIca	
  

LCHAD	
  	
   Hipoglicémia	
  hipocetóIca	
  com	
  miopaIa	
  

TFP	
   MiocardiopaIa,	
  MiopaIa	
  e	
  Hipoglicémia	
  hipocetóIca	
  

MCAD	
   Hipoglicémia	
  hipocetóIca	
  

SCAD	
   	
  Atraso	
  no	
  desenvolvimento,	
  hipotonia	
  (convulsões,	
  microcefalia)	
  

MAD	
   Coma,	
  letargia,	
  hipotonia,	
  cardiomiopaIa,	
  disfunção	
  hepáIca,	
  intolerância	
  ao	
  
exercício,	
  ataxia,	
  quistos	
  renais	
  
Morte	
  no	
  RN	
  


