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Biochemical screening in newborn siblings of cases of
SIDS

Anne Green

The association between inherited metabolic
disorders and the sudden infant death syndrome
(SIDS) received considerable attention in the
mid to late 1980s. The earlier reports suggested
that as many as 5-10% of all cases of SIDS in the
UK could be due to metabolic disorders.' 2 More
recent publications, however, suggest a more
conservative estimate that such disorders prob-
ably account for fewer than 3% of all cases of
SIDS-5 and thus compare better with the recur-
rence risk of2% quoted in several studies.6
The only group of inherited metabolic dis-

orders for which there is good evidence that they
are responsible for SIDS are those of fatty acid
oxidation. The evidence that other inborn errors
can present as SIDS is scanty,78 although many
defects have the potential to cause unexpected
infant death.9

Despite the rarity of these disorders it is
important to identify those cases where an
inherited defect is the likely cause or contributes
to the cause of death or a near miss death in
infancy. In many cases of so called SIDS there is
a history of illness preceeding death and such
cases of sudden unexpected death in infancy are
equally if not more important to consider.
The finding of fatty change at necropsy' in

those infants who have died unexpectedly should
stimulate detailed investigation for inherited
metabolic disorders. Similarly, paediatricians
should consider inherited metabolic disorders in
cases of 'near miss' cot death or any patient
labelled as having Reye's syndrome and investi-
gate accordingly.'0 If a specific metabolic dis-
order is identified, all siblings should then be
investigated.
The situation is less clear if a specific disorder

is not identified or inherited metabolic disorders
are not strongly suspected. Although whole
population newborn screening for certain fatty
acid oxidation defects is likely to be possible in
the future," it is far from clear at present whether
such an approach would satisfy the criteria for
population screening and could therefore be
justified economically. Currently it is therefore
important to consider investigation ofhigher risk
groups (that is siblings).

This discussion specifically considers the
investigation of newborn siblings in those
families where a previous sibling has died
suddenly and unexpectedly, that is it includes
both SIDS and sudden unexpected death in
infancy.

Biochemical disorders as a possible cause of
SIDS
Inherited metabolic disorders that are known to
be associated with acute life threatening events
are all possible causes of sudden unexpected
death in infancy.9 In practice the fatty acid
oxidation defects are the only group that have
been well documented. 12

FATTY ACID OXIDATION DEFECTS
Medium chain acyl CoA dehydrogenase
(MCAD) deficiency is the most frequently
recognised disorder of fatty acid oxidation and
probably one of the commonest inborn errors of
metabolism. Accurate incidence data is not avail-
able, although limited studies on neonatal blood
spot specimens suggest that it is commonest in
white populations with an incidence possibly as
high as one in 10000-15 000.'1 1'

Presentation of MCAD is usually as hypo-
ketotic hypoglycaemia widh a mean age of pre-
sentation of 13-5 months."' Patients may be
asymptomatic for months or years until a stress
related event, for example prolonged fast/viral
illness, triggers presentation sometimes as a
Reye-like syndrome. There is almost always a
history of illness preceeding death.
The diagnosis is unusually based on the find-

ing of characteristic metabolites (medium chain
dicarboxylic acids, their metabolites, and respec-
tive acyl glycines) in urine by means of gas
chromatography - mass spectrometry.'6 These
metabolites may not be present when the infant/
child is well and the diagnosis cannot therefore
be unequivocally excluded from urine studies in
this situation. Definitive diagnosis requires
demonstration of the enzyme deficiency in tissue
(liver or cultured skin fibroblasts) or the finding
of a specific mutation by molecular studies of
DNA extracted from blood or tissue. Assess-
ment of fat oxidation in tissue can be determined
by measuring the rate of oxidation of radio-
labelled substrates or by more specific electron
transfer flavoprotein linked assays. The MCAD
gene is located on chromosome 1; a specific point
mutation results in substitution of lysine by
glutamic acid as a result of replacement ofA to G
at nucleotide 985. Although other mutations
have been found, this A-G substitution is
present in a homozygous form in approximately
80-90% of caes studied." More rarely, long
chain fatty acid oxidation defects (long chain acyl
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CoA dehydrogenase and long chain
3-hydroxy acyl CoA dehydrogenase deficiency)
have been reported as a cause of unexplained
death.7 In particular the history of cardio-
respiratory arrest in such patients makes these
candidate disorders for SIDS. 18

Finally, disorders of carnitine metabolism or
carnitine deficiency resulting in impaired fatty
acid oxidation are potential causes of SIDS.

In summary therefore there are a whole range
of fatty acid oxidation defects which can present
as SIDS. Urinary organic acid analysis using gas
chromatography-mass spectrometry will detect
most of these cases in symptomatic patients but
may miss the diagnosis in a well child. Enzyme
assays or DNA analysis are required for defini-
tive diagnosis and are specific for a particular
defect or group of disorders.

GLYCOGEN STORAGE DISEASE
Glycogen storage disease type I is a group of
disorders due to deficiency of the hepatic micro-
somal glucose-6-phosphatase system.'9 The
glucose-6-phosphatase system is a complex
multicomponent enzyme system and several
different disorders can occur (types Ia, Ib, Ic,
and Id), depending on the exact location of
the defect. Classical glucose-6-phosphatase
deficiency is now termed type Ia glycogen
storage disease.
The finding of glycogen storage diseases types

Ia, Ib, and Ic in tissues from patients with SIDS
has been reported78 and it was suggested that
glucose-6-phosphatase deficiency may be a
significant cause of SIDS.
The cases reported by Burchell et al, however,

were highly selected and more recent data have
suggested an alternative explanation for these
findings.20 Liver glucose-6-phosphatase activity
at birth is about 10% of adult values. In infants
born at term the activity rises rapidly after
delivery to reach adult values by about 3 days of
age. In premature infants this postnatal surge
may not occur and glucose-6-phosphatase
activity may remain low compared with their
normal term counterparts. This apparent failure
to switch on glucose-6-phosphatase activity
results in impaired mechanisms for maintaining
blood glucose homoeostasis. Preliminary results
from studies with an animal model suggest that
the hormonal and nutritional environment in the
perinatal period are critical to the normal
development of the glucose-6-phosphatase
system. It seems likely therefore that physio-
logical and/or environmental effects on liver
glucose-6-phosphatase activity may explain a
large percentage of the earlier findings rather
than a primary genetic defect.
At present the contribution of the various

inherited defects of the glucose-6-phosphatase
system as causes of SIDS is unknown. Although
there is a suspicion that they may contribute to
the causes of SIDS, more research and larger
studies are required to produce meaningful
incidence data.

OTHERS
Several other inherited metabolic disorders

including congenital adrenal hyperplasia,
systemic carnitine deficiency, biotinidase
deficiency, and maple syrup urine disease can
present as sudden, unexpected death. In most
cases reported there has usually been a preceed-
ing history of some note. Other disorders
including the electron transport chain disorders
and disorders of pyruvate metabolism are likely
to be included in this group.
A previous history of developmental delay

and/or seizures and sudden death after fasting or
other catabolic stress such as infection, immuni-
sations, or fever should suggest an inherited
defect.

Diagnosis of metabolic disorders
INVESTIGATION POSTMORTEM
The possibility of an inherited metabolic dis-
order should be considered by the pathologist in
all cases of SIDS and especially in those cases of
sudden unexpected death in infancy where there
has been significant prodromal symptoms. A
previous clinical history and or a family history
in which more than one infant appears to have
died suddenly of unknown cause are among
those more likely to have a metabolic cause.
A prompt and careful postmortem examina-

tion by a paediatric pathologist with sampling of
tissues as quickly as possible after death and
appropriate storage at -70°C or below is essen-
tial for meaningful biochemical studies. Suitable
approaches to sampling for investigation of
metabolic disorders have been detailed.9'2
The finding of panlobular fatty change in the

liver or fatty change in other tissues (heart,
skeletal, muscle) or excess glycogen storage are
suggestive ofan inherited metabolic disorder and
should initiate further metabolic studies. How-
ever, the absence of significant fatty infiltration
ofthe liver in a family with a history suggestive of
a metabolic disorder should not deter further
investigations. 22

For the majority of cases of SIDS, however,
there are no clues from the history or post-
mortem examination and further metabolic
studies are unlikely to be carried out.

HOW TO DIAGNOSE THESE DISORDERS IN
ASYMPTOMATIC SIBLINGS
Fatty acid oxidation defects
Fatty acid oxidation defects are detected by the
finding of abnormal amounts of dicarboxylic
acids and their metabQlites in urine. These
characteristic findings are present when the child
is symptomatic/stressed but may be absent when
well. The baby with one of these defects may
show abnormalities in the early neonatal period
when subject to catabolic stresses.2
As part of a national CONI (care of next

infant) study into cot deaths, a research project
into neonatal screening of siblings by urinary
organic acids has been undertaken in Sheffield.
Results from the study have shown that screen-
ing newborns during the first 72 hours of life for
fatty acid oxidation defects is feasible provided
that gas chromatography-mass spectrometry is
used (R J Pollitt, personal communication).
Urinary organic acid screening is, however, a
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795Biochemical screening in newborn siblings ofcases ofSIDS

highly complex investigation and normal babies,
without proved defects of fatty acid oxidation,
can excrete large quantities ofdicarboxylic acids.
These findings can be difficult or impossible to
differentiate from those found in some types of
fatty acid oxidation disorders. The results
emphasise the importance of skilled interpreta-
tion of urinary organic acids and the difficulties
in making a definitive diagnosis based on meta-
bolite profiles. The advantage, however, of the
urinary organic acid profile is that it is a non-

specific approach and is capable of detecting a

whole range of inborn errors, not only the fatty
acid defects.
An alternative approach is to diagnose the

fatty acid oxidation defects by specific enzyme or

molecular studies. Enzyme assays, however,
require tissue (cultured skin fibroblasts/liver/
muscle) and the specialist assays are complex and
available in only a handful of centres in the UK.
They are not suitable methods for screening.
Molecular studies on DNA from blood or tissue
will detect specific mutations and currently are

applicable only to MCAD. In view of the prob-
able high incidence of MCAD in white popula-
tions, and the ability to intervene and influence
morbidity and mortality, whole population neo-

natal screening of MCAD using the neonatal
Guthrie blood spot system has been suggested.2
This could be achieved by either measurement of
the metabolites characteristic ofMCAD orDNA
analysis. However, before proceeding on a wide-
spread basis, the natural history of the disorder
needs to be defined more fully and large scale
programmes undertaken to evaluate such an

approach.

Glycogen storage disease type I
Glycogen storage disease type I is characterised
by excess glycogen in the liver and diagnosed by
measurement of glucose-6-phosphatase activity
in liver.
There is no simple 'screening'-type test for

this group of disorders, although an increased
plasma and urinary lactate concentration may be
a useful clue in some cases. It is important to
examine at risk siblings for hepatomegaly at 2-3
weeks ofage and to measure blood glucose after a

four hour fast. Glucagon loading tests can be
used in infants and older children.

THE CASE FOR SCREENING IN NEWBOWN SIBLINGS
In 1990 there were approximately 1400 cases of
SIDS/cot death in the UK (data from the Office
of Population Censuses and Surveys). If the case
for biochemical screening of all newborn siblings
is based on 3% of cases of SIDS being due to an

underlying disorder of fatty acid oxidation it is
estimated that there are approximately 40 cases

each year of SIDS due to these disorders.
Screening in these families with a one in four risk
of an affected case for each pregnancy would

therefore pick up 10 cases each year assuming
that on average each family will have one further
child after the sudden infant death; the figure is
likely to be less than 10 in practice as not all cases
may be detected. Such a policy, although reduc-
ing the risk ofSIDS recurring in the same family,

would therefore have a minimal affect on the
overall incidence of SIDS in the UK.

Screening siblings could be based on either
urinary or plasma organic acids or molecular
studies on DNA. The cost of such screening
would be significant. Such investigations require
specialist expertise and are available in only a few
centres (<20) in the UK. The detailed analysis of
urinary organic acids by gas chromatography-
mass spectrometry is expensive (at least £50/
specimen) and the workload for an individual
laboratory could be substantial, requiring a
major investment in resources.
At this moment therefore it would not be

justified in the UK to screen all siblings of cases
of SIDS, taking into account the likely yield and
current technology for screening. The outcome
of studies to evaluate neonatal screening for
MCAD may influence this approach in the
future.

Criteria for investigating newborn siblings
The case for investigation of siblings should
therefore be restricted to:

(1) Siblings who are symptomatic, for
example unexplained hypoglycaemia, drowsi-
ness, acidosis, failure to thrive, illness preci-
pitated by infection/stress.

(2) Asymptomatic siblings with one or more of
the following:
* Sudden unexpected sibling death with

history suggestive of a metabolic disorder, for
example progressive lethargy, vomiting, poor
oral intake, seizures, hepatomegaly.

* SIDS in a sibling with postmortem findings
suggestive of a metabolic disorder, that is wide-
spread fatty change (liver, heart, kidney),
glycogen storage.

* More than one case of SIDS in the family.
* Previous sibling with 'Reye-like' illness or

unexplained cardiorespiratory arrest.
* Family history: close family member (for

example cousin) has had an inherited disorder.
These criteria stress the importance of appro-

priate and timely postmortem investigation, par-
ticularly if there is any pre-existing history
suggestive of hypoglycaemia. Currently the
extent of investigations can depend on the level
of awareness by the pathologist of metabolic
disease as a possible cause of SIDS, availability of
resources, and availability and logistics of under-
taking further investigations.

PRACTICAL ARRANGEMENTS/SPECIMEN
REQUIREMENTS FOR INVESTIGATING NEWBORN
SIBLINGS
Symptomatic siblings
Investigations should be tailored to the particu-
lar clinical presentation,23 that is to investigate
comprehensively for an inherited metabolic
disorder.

Asymptomatic siblings
All siblings who fulfil the criteria above should
be investigated, as a minimum for fatty acid
oxidation defects. It is suggested that organic
acid investigations be undertaken in newborn
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Investigation for inherited metabolic disorders in asymptomatic siblings ofcases ofSIDS
(see criteria)

(1) All cases (see criteria)

(2) History in sibling death:
Panlobular fatty change

Liver glycogen + + +

(3) Reye-like illness in sibling

*Urinary organic acids (GC/MS)
- MCAD metabolites

Blood
- DNA (MCAD mutation)
- Carnitine

Above plus (if above investigations negative):
- Skin biopsy (fat oxidation studies)
- Consider fast when older (under close supervision)

Above plus:
- Examine for hepatomegaly
- Preprandial blood glucose and lactate (4 hour fast)

Consider:
- Glucagon tolerance test (depending on age)
- Liver glucose-6-phosphatase

Above plus:
- Urinary and plasma amino acids
- Urinary orotic acid
- Consider skin biopsy (fat oxidation studies)
- Consider fast when older (under close supervision)

defect could enable prenatal diagnosis or institu-
tion of treatment in an asymptomatic sibling to
prevent hypoglycaemia and reduce mortality/
morbidity.

All cases of SIDS should be properly investi-
gated postmortem to look for evidence of meta-
bolic disorders and a careful history taken
to elicit evidence of pre-existing problems.
Although it is currently not appropriate to screen
all siblings of cases of SIDS for metabolic
disorders, certain high risk groups should be
selected for detailed biochemical investigation.
The situation may change in the future when
results of studies to assess the true incidence and
natural history of some of these inherited meta-
bolic disorders have been completed.

*Although urinary organic acids and their metabolites are the preferred method of investigation for
these disorders in the UK, in other countries measurement of plasma organic acids may be performed
as well.
GC/MS=gas chromatography-mass spectrometry.

siblings in urine collected within the first 72
hours of life. If this time window is missed, an
early morning urine should be collected. If the
results of the urinary organic acid investigations
are negative, blood should be taken for DNA
studies (MCAD) and plasma free and acyl
carnitine.

Further investigations may be indicated,
depending on the particular circumstances of the
case (table). If there is a very strong suspicion of
a fat oxidation defect, then one should consider
undertaking a diagnostic fast (under close
medical supervision) with measurement of
organic acids, acyl carnitines, and intermediatry
metabolites. Extensive investigations are recom-
mended in siblings where the SIDS case has been
shown to have widespread fatty change in
tissues.

Specimen requirements
A fresh random urine (no preservatives) is
required (ideally 5 ml). Specimens should be
stored deep frozen as soon as possible after
collection and transported to the laboratory deep
frozen. The request should be sent to a specialist
laboratory with expertise in gas chromatography-
mass spectrometry*. The request should be
made specific - MCAD deficiency - and full
details of SIDS history should be provided. A
'standard' urinary organic acid investigation may
not include gas chromatography-mass spectro-
metry analysis for the specific metabolites found
in MCAD and therefore may miss the diagnosis.

Blood (5 ml collected in EDTA) for carnitine
and DNA (some laboratories may be able to
perform this investigation on a Guthrie blood
spot) should be sent to a specialist laboratory
undertaking these tests; the laboratory perform-
ing organic acid measurements should be able to
advise on where these tests are available.

Conclusion
Inherited metabolic disorders are a rare but
important cause of SIDS. For those families at
risk, the implications for further pregnancies are
enormous. Diagnosis of a fatty acid oxidation

*Holton JB, Pennock CA, Walter JA. UK directory of laboratories
diagnosing inborn errors of metabolism. 4th Ed. 1991. Obtainable
from Dr Holton, Biochemistry Department, Southmead
Hospital, Westbury on Trym, Bristol BS10 5NB.
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