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Abstract
AU sudden, unexpected infant deaths presenting during a two year period within a defined
geographical area in Avon and north Somerset
were investigated for inherited metabolic
disease. Of 95 deaths, 88 were classified as
cases of sudden infant death syndrome
(SIDS). In addition to the normal postmortem
investigations, samples of cerebrospinal fluid,
urine, vitreous humour, and skin were collected for metabolic studies. No abnormal
organic acid metabolites were found in the
fluids from the 88 cases of SIDS. Fatty acid
oxidation was assessed in skin fibroblasts
from 70 cases of SIDS, but no examples of
medium chain acyl CoA dehydrogenase
(MCAD) deficiency were found. One case
with abundant glycogen in the liver was subsequently diagnosed as having glycogen
storage disease type ic. These findings
suggest that the incidence of MCAD deficiency and other metabolic diseases in SIDS
is much lower than previously claimed.
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A link between sudden, unexpected, infant
deaths and inherited metabolic diseases was
made almost 30 years ago,' but there has been
increased interest in this topic recently.2 In
particular, it has been claimed that an abnormality of fatty acid ,B-oxidation, medium chain
acyl CoA dehydrogenase (MCAD) deficiency,
could cause 3% of cases of sudden infant death
syndrome (SIDS),3 and inherited metabolic
diseases could account, in total, for about 10%
of these deaths.4 However, these estimates were
not based on systematic studies of SIDS cases
and may not represent the true contribution
that metabolic diseases make to the overall
problem.
Inherited metabolic diseases that are known
to be associated with acute life threatening
events are possible causes of SIDS.4 The object
of this study was to investigate all cases of
sudden unexpected infant death within a
defined geographical area over a two year
period with a series of tests which should detect
a large number of the relevant biochemical
disorders.
Methods

During a period of two years, starting in May
1987, there were 109 babies who died suddenly
and unexpectedly within Avon and north
Somerset. Of these, 14 were excluded from the
study because of late notification, but their
omission was not considered to bias the compo-

sition of the group. The median age of the
remaining 95 cases was 94 days (range 7-551)
with a male to female distribution of 1-6:1. As
part of the postmortem examination performed
on these cases, an initial set of specimens,
comprising body fluids and microbiological
cultures, were obtained within a median time of
3-5 hours (range 0-25-46) from discovery of
death. These specimens were processed for
microbiological investigations immediately, and
the remainder of the sample was frozen at - 70°
and stored for the biochemical tests. A skin
biopsy specimen was taken for tissue culture
and fibroblasts stored in liquid nitrogen at the
second or third passage.
Table 1 reports the number of samples
received from all 95 cases in the study. Urine
was received from 54 (57%) of the patients,
some of the samples obtained by squeezing out
the nappy if the bladder was empty. Cerebrospinal fluid and vitreous humour was obtained
in a higher proportion of babies. Skin samples
were received from 80 cases and successful
culture was achieved in 76 of them.
Further tissue samples were obtained at the
usual postmortem examination, which followed
the discovery of death by a median time of
25 hours (range 2-8-73). These tissues were
investigated by a detailed histological protocol
which included a frozen section of liver stained
for neutral fat.' As a result of the basic
postmortem findings the cause of death of seven
cases in the study was considered to have been
fully explained, while the remaining cases were
classified as SIDS. However, the metabolic
investigations were performed in all 95 cases in
the study as far as adequate specimens were
available.
Urine, cerebrospinal fluid, and vitreous
humour were examined by gas chromatography/
mass spectrometry (GC/MS) for organic acid
metabolites6 and by thin layer chromatography
(TLC) for amino acids.7 These are standard
methods for detecting inherited metabolic
diseases in the urine of living patients, GC/MS
covering a wide range of fatty acid oxidation
defects, organic acidurias, and some urea cycle
disorders. It has been confirmed that a number
of these diseases may be detected by the
accumulation of abnormal metabolites in vitreous
humour and cerebrospinal fluid obtained after
death.8°' Similarly, TLC of these body fluids
should detect all amino acidopathies and the
urea cycle disorders that have increased amino
acid concentrations. Available serum samples
were analysed for free and total carnitine by a
standard radioenzymatic method," as a possible
means of screening for organic acidurias.
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Results
The number of specimens in which the various
analyses were performed are shown in table 1.
Priority was given to GC/MS as it was considered
to be the most likely to yield positive results. In
all, 94 infants were investigated by GC/MS in at
least one body fluid but no indication of a
specific abnormality was found in any of the
samples. There was a peak of acetylaspartic acid
in 25 (59%) of the cerebrospinal fluid specimens. A similar abnormality has been reported
in Canavan's disease,'3 a hereditary condition
that is associated with spongy degeneration of
the brain. There were no histological changes
suggestive of this disease in our cases and it is
almost certain that our finding was due to
postmortem changes of no particular diagnostic
importance.'0 There were no abnormalities in
the TLC of amino acids.
Carnitine was determined in 52 serum specimens (table 2), of which 47 were in the SIDS
category and five were explained. ConcentraTable I Samples received and analysed from 95 cases of sudden infant death
Cerebrospinal
fluid
Samples received
Samples analysed
Organic acids (by GC/MS)
Amino acids (by TLC)
Carnitine in serum
CO2 release from octanoate
in skin fibroblasts

Urine

Vitreous
humour

Blood

Skin

77

54

84

55

80

42
12

47
5

84
0

-

-

-

-

-

52

-

-

-

-

-

76

-

A blank indicates that the assay was not applicable in the type of sample.

Table 2 Free and total serum carnitine concentrations in 52 cases of sudden infant death.
Results are mean (range)
Ratio acyl*I
Total carnitine
Free carnitine
No of
free carinitine
babies
(pmol/l)
(tmol/l)
0-42 (0-12-0-76)
235 (79-620)
52
169 (66-550)
Sudden infant death
Reference values"
0-36 (0 11-065)
44 (19-68)
33 (15-51)
(babies aged 8 days-I year) 25
*Acyl = total - free carnitine.

Table 3 Medium chain acyl CoA dehydrogenase activity in skin fibroblasts (nmollhlmg
protein). Results are mean (SD)
Ratio octanoatel
No of
'CO2 release
4CO2 release
SIDS

Explained sudden death
Known MCAD

babies

from octanoate

from butyrate

butyrate oxidation

70

1-43 (0-57)
1-15 (0 60)
0-47 (0-14)

2-84 (0-85)
2-56 (1-02)
2-76 (0-79)

0-50 (0-14)
0-46 (0-18)
0-17 (0-05)

6
4

There is a significant difference between the SIDS and MCAD deficiency cases for 4CO2 release
from octanoate (p<0-01) and for the ratio of octanoate to butyrate oxidation (p<0 001).

tions of free and total carnitine were grossly
raised in most samples compared with reference
values for live babies of similar age, whereas the
ratios of acyl to free carnitine were comparable.
There was no apparent difference between the
explained deaths and the SIDS cases.
Table 3 gives the results of the skin fibroblast
studies to diagnose MCAD deficiency. There
was no difference between the results of
70 infants classified as SIDS and six in the
explained death group. On the other hand,
fibroblasts from four children not in the study,
but diagnosed in our laboratory as having
MCAD deficiency by GC/MS of urine and by
other metabolic findings, showed a significant
reduction in '4CO2 release with labelled octanoic
acid as substrate. Table 3 shows a large standard
deviation in all groups and there was an overlap
in the distribution of the MCAD and the
sudden death patients. However, this was due
to a wide variation between batches in the assay,
and within a batch patients with fatty oxidation
defects were clearly differentiated.
Two livers have shown very striking panlobular microvesicular fatty changes comparable to those in Reye's syndrome, although
no metabolic abnormality was found.

Discussion
Our investigation of organic acids in urine,
cerebrospinal fluid, and vitreous humour in 94
cases of sudden infant death, including 88
with SIDS, failed to detect any abnormality. In
addition, there was no indication of MCAD
deficiency in the 70 SIDS cases in which it was
looked for specifically using skin fibroblasts. A
deficiency of MCAD can be diagnosed usually
both by the urinary organic acid profile and by
the skin fibroblast methods. In all, 69 SIDS
patients had both types of investigation and
showed a concurrence of negative results. An
almost identical study to our own, on 105 cases
of SIDS, also produced negative results.'0 The
number of patients we investigated by TLC of
amino acids was rather limited, but a published
study of quantitative amino acid concentrations
on the vitreous humour of 120 SIDS patients
failed to find any disorder.'4
It has been suggested that the increase in
serum carnitine observed in sudden infant death
(table 2) is a postmortem change, because a
correlation between carnitine concentration and
the interval from estimated time of death to
blood sampling has been found (P Divry,
personal communication). Our data showed a
similar tentative correlation. The estimated
time of death was calculated as the mid-point in
the time interval from when the baby was last
known to be alive to when it was found dead.
Babies were included in the analysis when this
time interval was less than six hours (n=36).
The correlation between the plasma free
carnitine and the time from the estimated death
to the blood sample being taken gave a linear
regression equation, y=36-1+24-4x (r=0-61,
p<0-001-). For plasma total carnitine the regression equation was y=914+25-7x (r=0-67,
p<0 001). It seems probable that the postmortem rise in serum carnitine would mask a
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Patients with organic acidurias tend to have low
free carnitine concentrations because of an
increased acylation of carnitine. A finding of
low free carnitine, or an increased ratio of acyl
to free carnitine, would indicate the need for
more detailed investigation for an organic
aciduria.
Cultured fibroblasts were used to measure
MCAD by comparing '4Co2 release on incubation with (1- 4C) labelled octanoic acid with
the release from labelled butyric acid by the
method of Saudubray et al,'2 as modified
by G T N Butterworth and J Besley (personal
communication).
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(personal communication). Liver from all cases
in our study has now been investigated for
GSD 1, with a negative result.
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free carnitine deficiency that should indicate
the presence of an organic aciduria. However,
table 2 shows that the ratio of acyl to free
carnitine remained normal in our sudden death
patients and therefore it is possible that a high
ratio could successfully indicate an organic
aciduria. This hypothesis could only be tested
when positive cases of organic aciduria are
found in SIDS.
The results reported here and by others'0 14
suggest that the incidence of MCAD deficiency
and other metabolic diseases in SIDS is very
much lower than previously estimated. Despite
this, it is important to identify the rare cases in
which inherited metabolic disease is the cause of
death. Routine screening of all sudden infant
deaths may not be justifiable and some means of
concentrating investigations of those babies
with a higher likelihood of having an underlying
metabolic disease would be valuable. The acute
episode in a metabolic disease is almost always
preceded by a short illness with febrile, particularly gastrointestinal, features which affects
regular food intake. Unfortunately, similar
signs of illness are described in the week before
death in many SIDS cases, notably in two thirds
of the babies included in our study.'5 The
finding of panlobular microvesicular fatty
changes in the liver at postmortem exanination
is another factor which needs to be considered.
It may suggest the presence of a metabolic
disorder before death, but it is not a specific
indication of this'6; nor it is clear that the
absence of liver fatty changes rule out the
possibility of a metabolic disease.'7 One has to
conclude that there are no satisfactory indicators of inherited metabolic disease in SIDS cases
apart from the rare circumstances of the
unexplained death of a sibling.
Since the completion of this study, interest
was aroused by a report linking glucose-6phosphatase deficiency (glycogen storage
disease type 1, GSD 1) with sudden infant
deaths.'8 One of the patients in our study was
noted to have an unusually high lactic aciduria
and abundant glycogen in the liver. This case
has now been diagnosed as GSD Ic by A Burchell
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