






Detection offatty acid oxidation disorders in unexpected death in infants andyoung children

Case 3
An 18 month old boy, first child of healthy
unrelated parents. The boy died suddenly, after
two days of diarrhoea and fever. The postmor-
tem examination identified massive fatty infil-
tration in the liver, and oedema of the brain.
The case was classified as non-SIDS with a
tentative diagnosis of Reye's syndrome, based
on the histological findings in the liver, even
though no salicylates were found in the blood.
Fatty acid oxidation measured with [9,10-3H]
myristic acid as substrate was in the range
found for patients homozygous for G985
(2.6 pmol/min/mg protein; normal range 10.0-
28.2). The DNA analysis identified homozy-
gosity for the mutation G985 (G/G).
Blood spots were obtained from the parents

to test for the presence of the G985 mutation.
Boths parents were found to be carriers. Later,
the mother became pregnant again. In the 1 0th
week a chorionic villus biopsy was taken.
Isolated DNA from the fetus and DNA from
the parents were analysed and demonstrated
homozygosity for the G985 mutation in the
fetus and confirmed the carrier status of both
parents. The parents then chose to have the
pregnancy terminated and DNA analysis on
fetal tissues sampled after abortion confirmed
the diagnosis. This case has been described
previously.3'

CARRIERS OF G985
Two carriers of the G985 mutation were found
among the 79 cases. In both, fatty acid
oxidation was found to be within the normal
range. No urine was available in either of the
two cases. At autopsy, both cases had been
classified as borderline SIDS.

URINE ANALYSIS
In 21 cases it was possible to obtain at least
some urine. However, in 15 of these cases,
including case 1, the amounts ofurine obtained
were not sufficient to give any meaningful
results. Of the six adequate urine samples five
were normal. The sixth came from case 2 and
exhibited a pattern indicative of GAII, with
excretion of abnormal amounts of adipic acid,
suberic acid, glutaric acid, ethylmalonic acid,
and isovalerylglycine.

Discussion
The importance of fatty acid oxidation defects
as a cause of death in infants who die suddenly
and unexpectedly is still a matter of debate.
There have been a growing number of reports
documenting cases of fatty acid oxidation
disorders with sudden death at an early age,
especially MCAD deficiency, the most com-
mon fatty acid oxidation disorder in the general
population." 32 33 Such patients have often
been classified as SIDS cases. The idea that
MCAD deficiency might be a significant cause
of SIDS prompted a number of researchers,
including ourselves, to investigate the fre-
quency of the common G985 MCAD gene
mutation in SIDS cases. Invariably, the conclu-
sion has been that MCAD deficiency does not
contribute to SIDS 21-25 34 35 especially when
SIDS is defined strictly as cases where a

thorough postmortem pathological examin-
ation fails to reveal an adequate cause of
death.26 27 The fact that the design of most of
the previous studies automatically excludes all
cases with a more serious clinical history prior
to death, cases with positive pathological find-
ings, and cases with an age below one week or
above one year prompted us (together with a
number of other workers)32 33 to examine a
broader spectrum of child death.
The examination for fatty acid oxidation was

performed on all unexpected deaths in childern
below 4 years, who were autopsied during a
three year period at the Institute of Forensic
Medicine, University of Aarhus.

Seventy nine cases were examined and, as
predicted, no fatty acid oxidation defects were
detected in the 42 classical SIDS cases.
However, one case with an uncharacterised
fatty acid oxidation defect was found among
the 19 borderline SIDS (case 1); in addition,
one case ofmultiple acyl CoA dehydrogenation
defect (case 2) and one case of MCAD
deficiency (case 3) were identified among the
18 cases classified as non-SIDS.
The child that died in the setting of border-

line SIDS (case 1) is interesting because he had
only a slightly diminished fatty acid oxidation
capacity. In spite of this, his death was caused
only by a common cold, and autopsy revealed
only slight pleural and pericardial petechial
bleeding. The enzyme deficiency in this child
has not been identified, but a later sibling
showed, shortly after birth, a similar decreased
myristic acid oxidation rate, and excreted
slightly increased suberic acid in the urine.
Unfortunately a diagnostically meaningful
urine analysis was not available from the dead
child. Increased urinary excretion of suberic
acid, especially a suberic acid:adipic acid ratio
greater than 1, has been observed in children
with MCAD deficiency during asymptomatic
periods.30 36 In contrast to previous experience,
where the increased suberic acid:adipic acid
ratio was accompanied by increased excretion
of hexanoylglycine,3" 36 the hexanoylglycine
excretion in the sibling was not increased.
Whether the two members of this family
exhibit a long chain fatty acid defect, a general-
ised chain defect disorder, or perhaps a "mild"
MCAD deficiency caused by mutations other
than G985, which under certain nutritional
and metabolic conditions can result in a fulmi-
nation metabolic decompensation, is a subject
for future studies. That the latter is a possibility
is indicated by two previously published
compound heterozygous patients, who harbour
the G985 MCAD mutation on one allele and
another mutation (T1 57) on the other.6 In one
child who was initially classified as a SIDS
case, this combination of mutations resulted in
death at 3 days of age; in the other child the
same combination of mutations gave rise to a
milder disease course, and a myristic acid oxi-
dation rate in cultured fibroblasts comparable
to the one seen in the present child (4.9 v
6.8 pmol/min/mg protein, respectively).6
The two other cases found in this study with

MCAD deficiency and multiple acyl CoA
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dehydrogenation defect, respectively, were
clasified as non-SIDS.
The child with multiple acyl CoA dehydro-

genation defect (case 2), who died at 21
months old is more problematical. Usually, the
fatal cases of GAII occur early in life, but cases
dying later in life are known.37 Furthermore,
only some of the clinical and pathological find-
ings usually present in GAII patients were seen.
However, the massive excretion of adipic and
suberic acid, with smaller but greatly elevated
excretion of glutaric acid, ethylmalonic acid,
and isovalerylglycine, together with low myris-
tic and palmitic acid oxidation rates, unam-
biguously identified the enzyme deficiency to
be multiple and compatible with the picture
seen in GAII.
The MCAD deficient child (case 3) was

diagnosed initially as having Reye's syndrome
and revealed clinical and pathological findings
compatible with the current knowledge about
MCAD deficiency including fever before
death, a massive fatty liver, and oedema of the
brain at necropsy.'8 Molecular analysis showed
homozygosity for the G985 MCAD gene
mutation, which was confirmed by the detec-
tion of the mutation in its heterozygous form in
both parents. This case adds credence to the
concept that the common G985 mutation in
MCAD deficiency can be a very serious
disease.
Although the number of investigated cases in

this study is not very large it is striking that: no
individuals with fatty acid oxidation defect
were found in the cases classified as SIDS; the
"mild" case was found in the group of border-
line SIDS cases; and the two cases of
identifiable fatty acid oxidation defects were
found among 18 cases of non-SIDS. This
underlines the importance ofthorough clinical,
pathological, and biochemical investigation,
especially of non-SIDS death in childhood, in
order to identify fatty acid oxidation defects.
The validity of the high frequency of identi-

fied cases in the present investigation is
supported by two reports that were published
when this work was in progress. Bennett and
Powell investigated 58 infants from rural areas
of Illinois, who were below 2 years of age when
they died suddenly and unexpectedly with no
significant medical history."3 This seems to be a
group of cases comparable to the one investi-
gated in this study, except for the age span.
Urine, bladder wall swabs, and/or blood were
examined from the dead children, and four
cases of indicated fatty acid oxidation defects
were found, in addition to two cases of possible
respiratory chain deficiencies. Cells from the
dead children were not investigated, but the
authors point out that such measurements of
fatty acid oxidation rates would have improved
the protocol, and further characterised the
cases. The assay of fatty acid oxidation as part
of the investigation would probably also
improve the diagnostic sensitivity but, as
Bennett and Powell point out, the additional
costs would be prohibitive for the study.3' It
would have been interesting to see in the
present study whether all three cases of fatty
acid oxidation defects found would have exhib-

ited pathological urinary metabolite profiles.
Only urine from the GAII case was available,
and gave a diagnostic profile. It is, however, our
contention that we would have detected the
MCAD deficient case easily by urinalysis, had
sufficient urine been available. The first case
would probably also have been detected, since
a slight elevation of suberic acid was detected
in the urine of an asymptomatic sibling. How-
ever, until the nature of the first case has been
elucidated, the possibility exists that such a
case would be missed by ordinary metabolic
profile analysis by gas chromatography, be-
cause slight elevations of the metabolites would
be easily overlooked. It could well be that Ben-
net and Powell would have detected more than
four cases of fatty acid oxidation defects if they
had used a fibroblast fatty acid oxidation assay.
The same may be true for another investigation
of pathological metabolites in frozen liver sam-
ples from 100 dead children from Maryland"2;
the definition used by the clinicians for the
classification of SIDS is not clear, but it is
striking that in as many as 81 of the cases the
death certificates gave SIDS as the cause of
death. Even if the classification of the cases is
less restricted than ours and the number of
non-SIDS cases greater than 19, the finding of
five indicated fatty acid oxidation defects con-
stitutes a high frequency, comparable to that
found in the present study and that by Bennett
and Powell.3'

In conclusion, these three studies show that
when concentrating on groups diagnosed as
borderline and non-SIDS (as classified in the
present study), the frequency of fatty acid oxi-
dation defects is high. This high frequency is
found irrespective of whether fibroblast cul-
tures are used to measure the fatty acid oxida-
tion rate or careful analysis of metabolic
profiles in liver, urine, or blood are performed.
However, with regard to urine, it is our
experience that it is difficult to obtain sufficient
urine from small children at autopsy to get
meaningful profile data. Similarly, our success
rate with collection of useful blood samples
postmortem is very low. Extraction and evalua-
tion of metabolites from liver tissue is not com-
plicated, but demands some expertise, while
growing fibroblast cultures is cumbersome and
expensive.
The best method will probably be a matter of

personal preference and institutional conven-
tion. However, we find it beneficial to use the
global fatty acid oxidation method, at least if
the selected group is not too large, in order to
ensure the highest possible success rate and
because the assay can be performed on most
cases, with a good opportunity to perform
additional assays when a fatty acid oxidation
defect is indicated.
Even if the number of fatty acid oxidation

defects does not make up more than a few per-
cent of the total cases of sudden death in child-
hood, including the SIDS, it is important to
identify inherited causes, such as the fatty acid
oxidation defects, because genetic counselling
can identify other members of the family who
are in a group at high risk of dying suddenly
and unexpectedly. Practising pathologists

216

 group.bmj.com on February 10, 2012 - Published by mp.bmj.comDownloaded from 

http://mp.bmj.com/
http://group.bmj.com/


Detection offatty acid oxidation disorders in unexpected death in infants andyoung children

should keep fatty acid oxidation disorders in
mind when dealing with sudden and unex-
pected death in childhood, especially if there is
no clinical history or pathological findings
indicating the cause of death. This is even more
so if the clinical history and pathological find-
ings show a picture of banalities such as cold,
diarrhoea, varicella, and so on. As mentioned,
whether urine, bladder wall swabs, blood,
frozen liver samples, or fibroblast cultivation is
used is a matter of personal preference and
institutional convention, but the possibility of
genetic counselling should be available.
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