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To determine the relation between sudden unex-
pected death in infancy (SUDI) or apparent life-
threatening events (ALTE) and inborn errors of
metabolism (IMD), we investigated clinical and
biochemical features in patients presenting with
SUDI or ALTE, who were diagnosed with having
hidden IMD. Subjects were infants between aged
from 2 days and 3 years, detected during the period
between January 2004 and December 2014. The
diagnosis of IMD was based on the findings of gas
chromatography/mass spectrometry and/or tandem
mass spectrometry. IMDs were detected in 3 of
239 (1.2%) patients with SUDI, and in 22 of 219
(10.0%) patients with ALTE. These patients had a
history of some prodromal illness and/or abnormali-
ties of routine laboratory tests. When a case with
SUDI or ALTE is encountered at an emergency
unit, it is essential to take detailed medical histories
and to measure biochemistry tests including mass

spectrometric analysis as well as genetic testing.
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1. INTRODUCTION

Inherited metabolic disease (IMD) is caused by
inherited defect of metabolic enzymes, and many of
such diseases result in impairments in multiple or-
gans including central nervous system (CNS), liver,
or skeletal muscles. Children with such diseases may
die in early infancy or childhood, or have severely
handicaps. Recently, new groups of IMD which may
cause sudden infant death syndrome (SIDS)-like
illness or apparent life-threatening event (ALTE),
have been attracted attention. Especially, organic
acidemia (OA-emia) or fatty acid oxidation defect
(FAOD) are famous as causative diseases of SIDS
or ALTE, with recent development in diagnostic
tools, including analyses of urinary organic acids
(OA) or blood acylcarnitines (AC) using gas chro-
matography mass spectrometry (GC/MS), or tandem
mass spectrometry (MS/MS), respectively.

SIDS is defined as the sudden, unexpected death
of infant whose causes cannot be explained based
on previous medical history or symptoms of the
infant. According to recent study, SIDS is the third
leading cause of overall infant mortality in Japan,
following congenital anomalies, and perinatal disor-
ders. Sudden death may occur not only in infants
with no prodromal symptoms but also in previously
healthy infants following infections or diarrhea [1-
5]. The latter cases are not considered to represent
SIDS in a strictly defined sense, but the other term,
sudden unexpected death in infancy (SUDI), is ap-
plied. ALTE is defined as life-threatening episode in
infant that does not result in death, following sud-
den arrest of breath, skin color change, muscle tone
change, coughing, and so on. ALTE includes a con-
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dition that was previously called “near-miss SIDS”.

Recently, expanded newborn mass screening for
OA-emia and FAODs as well as amino acidemias
(AA-emia), using MS/MS, popular worldwide. Fur-
thermore, GC/MS and MS/MS have been applied for
survey of the metabolic causes in SUDI or ALTE
cases. GC/MS is particularly useful in diagnosis of
OA-emias, and MS/MS is used for screening for
OA-emias, FAODs as well as AA-emias.

Previously, we reported 10 children with SUDI or
ALTE, in which IMDs were identified retrospective-
ly [6]. In this study we surveyed hidden IMDs by
analyses of urinary OA and/or blood AC using GC/
MS and/or MS/MS, respectively, in children present-
ing SUDI or ALTE. Further, disease types, and the
clinical features in the acute condition were investi-
gated.

2. METHODS

2.1 Subjects

Infants who presented SUDI or ALTE, aged at
neonates to 3 years or less and were diagnosed
with IMSs by analyses of OA and/or AC, were
investigated. Samples of urine and/or blood were
introduced to the Department of Pediatrics, Shimane
University from all over Japan, during the period
between January 2004 and December 2014. The
criteria for our survey were as follows: (a) ages
between 2 days and 3 years, (b) clinical diagnosis
of SUDI (or SIDS) or ALTE, and (c¢) established
diagnosis of OA-emia or FAOD. Furthermore, we
also surveyed cases that were strongly suspected of
IMDs but the final diagnosis was not confirmed be-
cause of less information [7, 8].

2.2 Urinary organic acid analysis using GC/MS

Urine samples for the analysis of OA using GC/
MS were pretreated as described previously. Briefly,
to an aliquot of urine equivalent to 0.2 mg of cre-
atinine, 20 pg each of heptadecanic acid and tetra-
cosane (C24), and 40 pg of tropic acid were added
as internal standards. Distilled water was added to
yield 2.0 mL of the mixture, and solvent extraction,
oximation, and trimethylsilyl derivatization were per-
formed [9,10].

GC/MS analysis was performed using GCMS

QP2010 PLUS (Shimadzu Corporation, Kyoto,
Japan). The column (30 m x 0.25 mm i.d.) was
DB-5 (J&W Scientific Inc., CA, USA). The oven
temperature was initially held at 100°C for 4 min,

and was then raised to 290°C at an increasing rate
of 4°C/min [11, 12].

2.3 Blood acylcarnitine analysis using MS/MS

ACs were analyzed by MS/MS after butyl de-
rivatization. Serum sample aliquots of 10 pL were
analyzed according to the method described previ-
ously [13]. MS/MS analysis was carried out using
an API 3000 (Lub Solution, Applied Biosystems,
Foster City, CA, USA) or Shimadzu LC-MSMS
8040 (Kyoto, Japan). Data were analyzed employ-
ing (Labsolution LCMS/ Applied Biosystems/MDS
SCIEX, Toronto, Canada).

3. RESULTS

3.1 Age distribution of cases with SUDI or ALTE

We studied a total of 458 infants including 239
with SUDI and 219 with ALTE. Figure 1 shows
the age distribution at onset. The numbers of cases
and age group, A to H, were as follows: group A
over 2 days, under 7 days after birth, 59 (22 and
37 with SUDI and ALTE, respectively); group B
over 7 days, under 30 days of age, 49 (22 and
27 with SUDI and ALTE, respectively); group C
over 30 days, under 3 months, 82 (40 and 42 with
SUDI and ALTE, respectively); group D over 3
months, under 6 months, 87 (41 and 46 with SUDI
and ALTE, respectively); group E over 6 months,
under 12 months, 86 (62 and 24 with SUDI and
ALTE, respectively); group F over 1 year, under 1
year 6 months of age, 48 (30 and 18 with SUDI
and ALTE, respectively); group G over 1 year 6
months, under 2 years of age, 25 (12 and 13 with
SUDI and ALTE, respectively); group H over 2
years, under 3 years of age, 22 (10 and 12 with
SUDI and ALTE, respectively).

3.2 Incidence of inherited metabolic diseases (IMDs)
confirmed

Analyses of urinary OAs by GC/MS, and ACs by
MS/MS, and/or genetic testing yielded a diagnosis
of IMDs in 25 (5.4%) of the total 458 infants. Of
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the 25 cases, there were 3 cases with SUDI, and 22
with ALTE.

3.3 Age at onset of cases with IMD

Among these 25 infants, 12 were in the group A;
3 in the group B; 1 in the group C, 5 in the group
E; 1 in the group F; and 3 in the group G.

3.4 Disease types

Among the above 25 infants, 3 were SUDI cases
while the remaining 22 were ALTE. 2 cases had
carnitine palmitoyltransferase type II (CPT2) de-
ficiency and 1 case had medium-chain acyl-CoA
dehydrogenase (MCAD) deficiency. On the other
hand, disease types in 22 ALTE cases were as fol-
lows: 9 cases with urea cycle disorders (UCD),
followed by 8 cases with methylmalonic acidemia
(MMA), 2 cases with 3-hydroxy-3-methylglutaryl-
CoA synthase (HMGS) deficiency, and 1 case each
with MCAD deficiency, trifunctional protein (TFP)
deficiency and 3-methylglutaconic acidemia (MGC),
respectively, as shown in Table 1. The diagnosis of
UCD was based on elevation of uracil and orotic
acid in urinary organic acid finding as well as hy-
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perammonemia in clinical findings. Among UCD
cases, specific diagnosis such as 3 cases of citrul-
linemia type I was made according to the findings
of blood amino acid analysis using MS/MS.

3.5 Clinical history and findings in the acute con-
dition

Prodromal symptoms seen in 14 of 15 neonates
(Cases 1 to 15 in Table 1) were as follows: poor
feeding in 8 neonates; weight loss, and hypotonia
in 3 ecach; vomiting, and lethargy in 2 each. Loss
of Moro reflex was noted in 2 neonates. One infant
(Case 12) had a family history of acute encepha-
lopathy of the sibling.

In 9 of 10 children between ages of 1 month and
3 years (cases 16 to 25 in Table 1), common cold-
like symptoms such as fever, cough, rhinorrhea, and
vomiting were noted as prodromal symptoms. As
acute symptoms of the 9 infants, intractable vomit-
ing was seen in 4 cases; medical history of episodic
hypoglycemia in 3 (cases 21, 22 and 23); and epi-
sode of cyanosis during the neonatal period in one
(case 21).
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Figurel. Age distribution of inherited metabolic diseases identified in cases with SUDI and ALTE

ALTE are 219 and SUDI are 239 cases. Inborn errors of organic acidemia are shown circle(@) and

fatty acid oxidation defect are show triangle(A), and fatty acid oxidation defect (/). White column
(D) indicates cases of ALTE, and gray column ([_]) does cases of SUDI.

Abbreviations: ALTE, acute life threatening event; SUDI sudden unexpected death in infancy
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Table 1. Symptoms and clinical course of patients presenting ALTE or SUDI diagnosed with inherited metabolic

disease by analysis using GC/MS and/or MS/MS

Takahashi et al.

Case Age at Sex  Diaenosis GC/ MS/ Prodromal Acute
onset & MS MS illness symptom
ALTE
1 2d F UCD (Cit) ? © vomiting, seizure
poor feeding
2 2d F UCD © ©  poor feeding resp. failure
3 2d ? UCDh © ©  weight loss resp. failure
seizure
4 2d M  UCD © © vomiting cyanosis
5 2d M MCADdef? © © poor feeding resp. failure
seizure
6 3d F UCD © ©  hypotonia resp. failure
7 3d M  MMA © © nl resp. failure
8 4d M UCD © ©  poor feeding resp. failure
9 4d M MMA © ©  weight loss unconscious
10 5d F MMA © © hypotonia, unconscious
poor feeding
11 6d F MMA © ©  hypotonia, resp. failure
poor feeding
12 6d F UCD (Cit) © ©  weight loss resp. failure
131 7d F MMA © ©  poor feeding
141 8d F  UCD (Cit) © © lethargy resp. failure
151 8d F Uuch © ©  poor feeding, unconscious
______________________________________________________ lethargy ________________________.
16*1 1m M TFP def*2 © © nl resp. failure
17 6m M HMGS def*2 © ?  fever, unconscious
diarrhea
18 7m M MGC © ?  vomiting unconscious
191 8m M MMA © ©  vomiting resp. failure,
unconscious
20 lyom M  HMGSdef2 ©  ? fever resp. failure,
unconscious
2171 ly8m F MMA © ©  cough, unconscious,
vomiting cyanosis
221 1yl0Om M MMA © © fever, resp. failure
______________________________________________________ vomiting
SUDI
231 6m F CPT2 def*2 © © cough unconscious
24 9m M CPT2 def*2 © © fever resp. failure
251 1y8m M MCAD def*2 © © fever, unconscious
cough

1 previously reported cases by Takahashi el al; 2, confirmed by gene analysis

Abbreviations: UCD, Urea cycle disorder (elevation of uracil and orotic acid in urinary organic acid analysis by
GC/MS); Cit, citrullinemia identified by MS/MS analysis ; MCAD, Medium-chain acyl-CoA dehydrogenase: MMA,
Methylmalonic acidemia; TFP, mitochondrial trifunctional protein; GA2, Glutaric acidemia type II; HMGS,
3-hydroxy-3-methylglutaryl-CoA synthetase; MGC, 3-methlglutaconic acidemia ; CPT2, Carnitine
palmitoyltransferase II; ?, data not available; resp. failure, respiratory failure; nl, normal; GC/MS, gas
chromatography mass spectrometry; MS/MS, tandem mass spectrometry. ©, analyzed by GC/MS or MS/MS
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Table 2. Laboratory data in the acute stage
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Case Age  Diagnosis PH Ketone (U1 (UL QUL (udl) (medl)
ALTE

1 2d UCD (Cit) 7.3 ? 44 13 ? >1000 nl

2 2d UCD nl nl 26 18 614 592 nl

3 2d UCD ab ? 283 64 2332 597 nl

4 2d UCD nl ? ab ab ab  >1000 ab

5 2d MCAD def*2 7.2 nl 56 2413 25 3

6 3d UCD 7.0 nl 200 ? 1113 723 ?

7 3d MMA nl ? 292 246 nl 1118 59

8 4d UCD ab nl ab ab ? 442 nl

9 4d MMA 7.2 nl ab ab nl 2050 ab
10 5d MMA 7.3 nl 65 53 nl 674 nl
11 6d MMA 7.2 nl 70 10 726 326 nl
12 6d UCD (Cit) ab nl 145 52 662 2006 40
131 7d MMA 7.3 nl 65 53 245 674 143
14*1  8d UCD (Cit) ab ? 55 33 308 2006 79

L sduep o+ 3616 284 1035 78

161 1m TFP def*2 nl ? 153 71 8077 nl 71
17  6m HMGS def*2 ? + 219 120 ? 195 ?

18 7m MGC 7.4 ? nl nl 1305 116 ?
191 8m MMA 7.1 + nl nl 1084 ? 63
20  1yOm HMGS def*2 7.0 ? 511 126 nl 179 nl
21"t 1y8m MMA 7.2 + 40 43 560 162 30
221 1yl0m MMA 6.9 + 52 17 100 188 88

~subpr

23*1  6m CPT2 def*2 737  nl 353 178 203 147 203
24  9m CPT2 def*2 7.2 ? 3144 1712 1100 ? 17
251 1y8m  MCAD def*2 7.2 ? 80 40 107 1640 107

1 *2 previously reported as in Table 1.

Abbreviations: nl, normal; ab, abnormality; ?, data not available; the other are the same as those of Tablel.

3.6 Routine laboratory findings

Abnormalities in routine laboratory tests during
the acute phase were as follows: metabolic acidosis
(pH 6.9-7.3) was seen in 17 of 24 infants, posi-
tive ketone bodies (in urine or blood) in 5 of 15
children tested, liver dysfunction (AST, 52 to 3144
IU/L; ALT, 43 to 1712 IU/L) in 20 of 25 cases
tested, high blood creatine kinase (CK) levels (203
to 8,077 TU/L) in 16 of 22 cases tested, hyperam-
monemia (147 to 2,006 pg/dL) in 21 of 23 cases

tested, and hypoglycemia (blood glucose 3-30 mg/
dL) in 5 of 22 cases tested (Table 2).

3.7 Diseases types in cases suspected of IMDs but
not confirmed

In addition to the above described 25 infants, at
least 12 infants were strongly suspected of IMDs,
but lacked a definitive diagnosis because of less
information/data, as shown in Table 3. Of the 12
cases, 4 were ALTE cases, while 8 SIDS cases.
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Suspected diseases were as follows: carnitine uptake
defect (CUD, systemic carnitine deficiency) in 4
cases; GA2 in 2; carnitine-acylcarnitine translocase
(CACT) deficiency or CPT2 deficiency in 2; GA2
or VLCAD deficiency, TFP deficiency, MCAD defi-
ciency, short-chain acyl-CoA dehydrogenase (SCAD)
deficiency in 1 each, respectively.

4. DISCUSSION

The incidence of SIDS in Japan is estimated to
be one in about 6,000 to 7,000 births recently. It is
reported that ages at onset of SIDS is most common
from 2 months to 6 months after birth [14]. In the
present study, 3 (1.2 %) of 239 infants with SUDI
and 22 (10.0%) of 219 infants with ALTE were
diagnosed as having IMDs. The total incidence of
IMDs was 25 (5.4%) of 458 cases with SUDI and

ALTE. Cases retrospectively identified IMDs became
symptomatic most commonly in the neonatal period,
followed by under 1 month of age. The reason why
neonatal cases were most common is considered that
SUDI cases were not strictly defined SIDS.

Chace et al. reported that IMDs were identified in
66 (0.9%) of 7,058 infants with SUDI, while Bole
et al. found FAODs in 27 (6.4%) of the SIDS in
their study [16-19]. In our study, 22 of 25 cases
were ALTE, many cases were life-saving. This sug-
gests that it is possible to save such children by
early diagnosis even after symptomatic. On the
other hand, 4 cases, ALTE (3 cases) or SUDI (1
cases), developed in 4 patients after 1 year of age.
It suggests that we should pay attention to IMDs in
children with ALTE or SUDI, even in children aged
over 1 year.

15 (60%) of 25 cases with IMDs were neonates

Table 3. Profiles of suspected cases of inherited metabolic disorders but not confirmed

C Age at S Suspected GC/MS MS/MS Prodromal Acute
ase ex
onset disease (abnormal OA) (abnormal AC) illness symptom
ALTE
1 1m M CUD ? Co () poor feeding resp. failure
2 1m M TFP def C16:1-OH ? resp. failure
? C18:1-OH
C18-OH
3 2m GA2/ or PA, LANKDA C10-16 fever seizure
VLCAD def resp. failure
4 4m MCAD def PA, KA, DA C8-C10 fever CPA
vomiting
SIDS
5 20d M CUD ? Co () poor feeding CPA
6 1m F SCAD def ? C4 ? CPA
7 2m F GA2 9 Short to long fever CPA
’ ACs
4m M CUD PA, LA, DA Cco (1) fever CPA
4m M CACT def/ or o C18:1 ? CPA
CPT2 def ’ C1651
10 9m F GA2 o Medium to long ACs diarrhea CPA
' vomiting
11 9m M CACT def/ or PA, NKDA C18:1 fever CPA
CPT2 def C16:1
12 1y9m F CUD PA, LA, DA Co () fever CPA

Abbreviations: CUD, carnitine uptake defect (systemic carnitine deficiency); VLCAD, very long-chain acyl-CoA
dehydrogenase; SCAD, short-chain acyl-CoA dehydrogenase; CACT, Carnitine-acylcarnitine translocase; ({),
decreased; poor feed, poor feeding.; AC, acylcarnitine; ?, data not available; resp., respiratory; CPA, cardiopulmonary
arrest; PA, pyruvic acid; LA, lactic acid; NKDA, non-ketotic dicarboxylic aciduria; DA, dicarboxylic

aciduria
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(under 1 month). IMDs with onset in the neonatal
period are often severe and fatal [15]. There is a
possibility that cases introduced might have been
biased in clinical setting, and samples after death
might have rarely been introduced. In 9 (60%) of
the 15 neonatal cases, UCD was detected, followed
by 5 cases of MMA (33%). Both diseases often
show hyperammonemia in the acute stage, and in
this study, all but one case had hyperammonemia.
The characteristic symptoms of neonatal cases were
not common cold-like symptoms such as fever up
or cough, but hypotonia, poor feeding or lethargy. It
indicates that hyperammonemia and common cold-
like symptom are observed in neonatal cases.

3-Hydroxy-3-hydroxyglyaryl-CoA synthetase
(HMGS) deficiency was a newly identified disease
from previous study [6]. In our study, HMGS de-
ficiency was detected in two cases by gene analysis
retrospectively. In these cases, they had history of
episodic profound hypoglycemia with ketosis and el-
evation of C2 in AC analysis. However, we should
pay attention to repeated episodes of profound hy-
poglycemia with ketosis, and AC findings. Hyperam-
monemia and liver dysfunction were very often seen
in the acute stage of IMD cases, and these findings
may be a clue to approach the diagnosis of IMDs.

Definitive diagnosis could not be made in at least
12 infants due to several factors such as lack of
specimens or not enough clinical information, al-
though the results of analyses of urinary OAs or
blood ACs were suggestive of IMDs. This may
suggest that infants with OA-emia or FAODs may
account for at least 1.5% of those presenting with
SUDI or ALTE. Unfortunately, however, data of
blood ammonia or urinary ketone body levels were
not available in these cases. Even in many cases,
blood samples were collected, but urine was not
collected. Therefore, data of urinary OAs or urinary
ketone body levels were not available. When we
come across the cases with ALTE or SUDI, collec-
tion of urine even by suprapubic bladder puncture
should be tried.

ACKNOWLEDGEMENTS

This study was partly supported by grants from
the Ministry of Education, Culture, and Sports, Sci-

ence and Technology (S.Y. 15K09593), and the
Ministry of Health, Labor and Welfare (S.Y.) of
Japan. The authors thank Ms. Furui M, Hattori M,
Nagase M, Naito M, Konada K, Kajitani H, Ito Y
and Tomita N for technical assistance.

The authors had no potential conflicts of inter-
est (COI) associated with this work, and this study
was approved by the ethical committee of Shimane
University (20150716-1)

REFERENCES

1) Willinger M, James LS and Catz C (1991)
Defining the sudden infant death syndrome
(SIDS): deliberations of an expert panel convened
by the National Institute of Child Health and Hu-
man Development. Pediatr Pathol 11: 677-684.

2) Weber MA, Ashworth MT, Risdon RA, Hart-
ley JC, Malone M and Sebire NJ (2008) The
role of post-mortem investigations in determining
the cause of sudden unexpected death in infancy.
Arch Dis Child 93: 1048-1053.

3) Trachtenberg FL, Haas EA, Kinney HC, Stan-
ley C and Krous HF (2012) Risk factor changes
for sudden infant death syndrome after initiation
of Back-to-Sleep campaign. Pediatrics 129: 630-
638.

4) Coté A (2010) Investigating sudden unexpect-
ed death in infancy and early childhood. Paediatr
Respir Rev 11: 219-225.

5) Berkowitz CD (2012) Sudden infant death
syndrome, sudden unexpected infant death, and
apparent life-threatening events. Adv Pediatr 59:
183-208.

6 ) Takahashi T, Yamada K, Kobayashi H, et
al. (2015) Metabolic disease in 10 patients with
sudden unexpected death in infancy or acute life-
threatening events. Pediatr Int 57: 348-353.

7 ) Rodriguez-Alarcon J, Melchor JC, Linares A, et
al. (1994) Early neonatal sudden death or near
death syndrome. an epidemiological study of 29
cases. Acta Paediatr 83: 704-708.

&) Polberger S and Svenningsen NW (1985) Ear-
ly neonatal sudden infant death and near death of
fullterm infants in maternity wards. Acta Paediatr
Scand 74: 861-866.

9) Kimura M, Yamamoto T and Yamaguchi S



68

Takahashi et al.

(1999) Automated metabolic profiling and in-
terpretation of GC/MS data for organic acidemia
screening: a personal computer-based system.
Tohoku J Exp Med 188: 317-334.

10) Fu X, Iga M, Kimura M and Yamaguchi S

(2000) Simplified screening for organic acidemia
using GC/MS and dried urine filter paper: a study
on neonatal mass screening. Early Hum Dev 58:
41-55.

11) Matsumoto I and Kuhara T (1996) A new

chemical diagnostic method for inborn errors of
metabolism by mass spectrometry-rapid, practi-
cal and simultaneous urinary metabolites analysis.
Mass Spectrom Rev 15: 43-57.

12) Iga M, Kimura M, Ohura T, Kikawa Y and

Yamaguchi S (2000) Rapid, simplified and sensi-
tive method for screening fructose-1,6-diphospha-
tase deficiency by analyzing urinary metabolites in
urease/direct preparations and gas chromatography-
mass spectrometry in the selected-ion monitoring
mode. J Chromatogr, B Biomed Sci Appl 746:
75-82.

13) Li H, Fukuda S, Hasegawa Y, et al. (2010)

Effect of heat stress and bezafibrate on mitochon-
drial beta-oxidation: comparison between cultured
cells from normal and mitochondrial fatty acid
oxidation disorder children using in vitro probe
acylcarnitine profiling assay. Brain Dev 32: 362-
370.

14) Health, Labour and Welfare Ministry. Sudden

infant death syndrome. Available from
URL: http://www.mhlw.go.jp/stf/houdou
/0000101529.html

15) Lundemose JB, Kolvraa S, Gregersen N, et al.
(1997) Fatty acid oxidation disorders as primary
cause of sudden and unexpected death in infants
and young children: an investigation performed
on cultured fibroblasts from 79 children who died
aged between 0-4 years. Mol Pathol 50: 212-
217.

16) Chace DH, DiPerna JC, Mitchell BL, Sgroi B,
Hofman LF and Naylor EW (2001) Electrospray
tandem mass spectrometry for analysis of acyl-
carnitines in dried postmorem blood specimens
collected at autopsy from infants with unexplained
cause of death. Clin Chem 47: 1166-1182.

17) Boles RG, Buck EA, Blitzer MG, et al. (1998)
Retrospective biochemical screening of fatty acid
oxidation disorders in postmortem livers of 418
cases of sudden death in the first year of life. J
Pediatr 132: 924-933.

18) Bennett MJ and Powell S (1994) Metabolic
disease and sudden, unexpected death in infancy.
Hum Pathol 25: 742-746.

19) Wilcox RL, Nelson CC, Stenzel P and Steiner
RD (2002) Postmortem screening for fatty acid
oxidation disorders by analysis of Guthrie cards
with tandem mass spectrometry in sudden unex-
pected death in infancy. J Pediatr 141: 833-836.



