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Abstract

Background—Medium chain acyl-CoA
dehydrogenase (MCAD) deficiency is a
common disorder of fatty acid oxidation
in north west Europe. It is very variable in
its clinical consequences and is believed to
be considerably underdiagnosed.
Objective—To investigate the diagnosis
and outcome of MCAD deficiency in the
UK.

Method—A prospective surveillance study
through the British Paediatric Surveil-
lance Unit.

Results—Of 62 affected individuals identi-
fied, 57 were from England, giving an
incidence of 4.5 cases/100 000 births. Forty
six cases presented with an acute illness
(10 of whom died), 13 cases were identified
because of family history, and three for
other reasons. Six of the survivors were
neurologically impaired.
Conclusions—Despite increased clinical
awareness, the mortality and morbidity
from MCAD deficiency remain high. The
frequency and severity of the disease sup-
port the case for the introduction of
universal neonatal screening in England
and Scotland.

(Arch Dis Child 1998;79:116-119)
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Medium chain acyl-CoA dehydrogenase
(MCAD) deficiency' is an autosomal recessive
disorder of mitochondrial fatty acid oxidation.
It is relatively common in some European
populations and those derived from them.? In
parts of the UK the calculated birth incidence
exceeds one in 10 000.?

The consequences of MCAD deficiency are
very variable. Usually, symptoms occur only
during periods of catabolic stress, when the
impaired fatty acid oxidation pathway is unable
to meet demand. This results in hypoketotic
hypoglycaemia, often accompanied by hyper-
ammonaemia and increased plasma transami-
nases. Typically, such attacks follow a febrile
illness and comprise lethargy, vomiting, and
encephalopathy, leading to seizures, apnoea,
cardiac arrest, and death.* Hepatomegaly
might be a prominent feature and a diagnosis
of Reye syndrome may be considered. Many
affected infants die unexpectedly after an
apparently minor illness and the cause of death
might be classified as sudden infant death syn-
drome. Overall mortality rates of [J25% have
been reported in two large studies.* > However,
some MCAD deficient individuals remain

asymptomatic,’ presumably because they have
never been exposed to sufficient catabolic
stress to precipitate metabolic decompensa-
tion.

Acute episodes in MCAD deficiency are
treated by intravenous glucose and if treatment
is started early enough the child improves rap-
idly. Long term management concentrates on
ensuring adequate calorific intake and avoid-
ance of fasting, particularly during infectious
episodes.’ It is believed that crises can be
almost entirely prevented by these measures. In
the series reported by Iafolla and colleagues*
there were no deaths following diagnosis. Thus,
there are clear benefits in diagnosing MCAD
deficiency presymptomatically.

Mass neonatal screening for MCAD defi-
ciency has frequently been discussed and, with
the analysis of acylcarnitines in dried blood
spot samples using tandem mass spectrometry,
this has now become a practical possibility.” ®
For a screening test to be acceptable, it should
fulfil a number of criteria,’ '° and any formal
evaluation requires data on incidence, natural
history, and the likely effects of earlier diagno-
sis on outcome." There have been numerous
literature reports of individual cases of MCAD
deficiency  (reviewed by Touma and
Charpentier’) but the only large series* com-
prises cases referred to a diagnostic laboratory
from a large area and over a long time period.
There are considerable difficulties in extrapo-
lating from such data to the current situation in
the UK.

Therefore, we have investigated prospec-
tively the diagnosis and outcome of MCAD
deficiency in collaboration with the British
Paediatric Surveillance Unit. Preliminary data
have been presented in a recent assessment of
the case for expanding neonatal screening to
include a wider range of disorders."

Methods

MCAD deficiency was included on the Sur-
veillance Unit orange card between March
1994 and March 1996, inclusively (25
months). These cards are sent monthly to all
consultant paediatricians in the UK and the
Republic of Ireland and are accompanied by
short case definitions of the disorders currently
under surveillance. The average return rate in
1995 was 94.4%."* All initial notifications were
followed up by a brief questionnaire requesting
patient details, presentation, family history,
and diagnostic criteria.

The Surveillance Unit returns were supple-
mented by two circulations to UK laboratories
that were likely to have diagnosed MCAD
deficiency. These were asked to confirm the
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Table 1 Reasons for investigation for MCAD deficiency

Number
Indication of patients
Previous family history
Sibling known to have MCAD 6*
deficiency
Sibling suspected to have died of 1
MCAD deficiency
Sibling of newly diagnosed case 6
Presentation with an acute illness
Survived 36t
Diagnosed postmortem 10%
Others 3
Total 62

*Including one prenatal diagnosis.*

1One with a previously diagnosed sibling but erroneously
believed to be unaffected.

FOne neonatal death with previously diagnosed sibling.

Others: One case identified at 2 years of age during investigation
for learning difficulties; one reclassified from a diagnosis of glu-
taric aciduria type 2 made some years previously; and one
investigated because of an apparently unrelated congenital
abnormality.

diagnoses attributed to them and for details of
any missing cases.

Results

One hundred and three initial notifications
were received through the Surveillance Unit.
Follow up led to the identification of 55
patients. This total excluded a child of an
American family serving in the US air force; a
child who was seen in the UK but who had
been diagnosed in Germany, where his family
was stationed with UK armed forces; one case
where the diagnosis was not adequately con-
firmed; and six cases that had been reported
retrospectively (diagnosed before February
1994). Much of the discrepancy between the
number of returns and the number of patients
was a result of multiple reporting, reflecting the
tendency for MCAD deficient patients to be
referred to specialist centres either before or
after diagnosis. The laboratories reported an
additional seven cases, giving 62 in total. Fifty
seven of the cases were diagnosed in England
and five in Scotland; no reports were received
from Wales, Northern Ireland, or the Irish
Republic.

Table 1 summarises the reasons for diagnos-
tic investigation. Forty six of the patients were
investigated as a result of an acute metabolic
decompensation or unexpected death. Hypo-
glycaemia was recorded in 37 of these.
Encephalopathy was noted in 23 cases, al-
though criteria for reporting this may have
been interpreted differently because some of
the duplicate reports disagreed.

In the 46 cases that presented with acute ill-
ness, 39 were diagnosed after a single episode,
all but four within 30 days. Six patients were
diagnosed after a second acute episode,

Table 2 Outcome of MCAD deficient patients at the time
of the study

Number (%)

Qutcome of patients
Asymptomatic 15 (24%)
Full recovery from attack 30 (48%)
Neurological impairment/developmental delay 6 (10%)
Death 10 (16%)
No information 1 (2%)
Total 62 (100%)
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Figure 1 Age of patients at their first episode diagnosed
with or suspected of having MCAD deficiency (n = 56).
Fatal episodes are shown by open circles (some of the data
points are obscured by overlap.) Information is missing on
two cases diagnosed postmortem.

between 39 and 369 days after the initial
illness, and one patient was diagnosed after his
third acute episode at the age of 12 years. Table
2 summarises the outcome at the time of
reporting.

The 62 cases diagnosed during the period of
our study came from 54 families. These
families contained another six confirmed cases
of MCAD deficiency, diagnosed before this
study, and five other children had died in
infancy, all of whom probably had MCAD
deficiency. Including these, 58 infants had had
one or more metabolic crises or had died sud-
denly; the ages at which the first such event
occurred were reported in 56 cases and are
plotted in fig 1. Seven patients, three of whom
died, became ill in the neonatal period.

DNA analysis for the common (G985)
MCAD mutation® had been performed in 45
families. In 36, the affected children were
homozygous for G985, and in the other nine
families the children were heterozygous. Thus,
90% of mutant alleles were G985, in agree-
ment with previous estimates."” The sex ratio in
confirmed cases was 1.0.

Discussion

This study has three main limitations: (1) it is
based on diagnosed cases only, estimating
minimum incidence but giving no firm data on
the proportion of cases that remain undiag-
nosed or asymptomatic; (2) the short follow up
period probably leads to an underestimate of
the frequency of long term sequelae; and (3)
some data are incomplete and there may be
systematic underreporting of symptoms in the
newborn period. Nevertheless, the survey has
provided sufficient information on the current
status of MCAD deficiency in the UK to allow
comparison with other reported experience
and to confirm the continuing high rate of
mortality.

INCIDENCE
There has been much debate about the true
incidence of symptomatic cases of MCAD
deficiency. An estimate of the incidence of the
biochemical condition can be calculated from
the G985 heterozygote frequency of the popu-
lation in question, correcting for the observed
frequency of G985 in diagnosed cases. Almost
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universally, the number of cases diagnosed is
substantially lower than the calculated
incidence.” "*'* The shortfall must be ac-
counted for by asymptomatic individuals
and/or by a low rate of diagnosis of sympto-
matic cases, but the relative magnitude of these
effects is unknown. Asymptomatic cases appear
to be moderately common. The father in one of
the families included in this survey was
homozygous for the G985 mutation but had
never had any symptoms.® In three other fami-
lies, diagnosis of the index case led to the iden-
tification of MCAD deficiency in four siblings
over 2 years of age (range, 6—23 years) who had
not had significant metabolic decompensation,
although in two sisters there had been indica-
tions of fasting intolerance.'” In four families
with an unexplained infant death, MCAD
deficiency was diagnosed in a subsequent
symptomatic sibling. The only evidence that
most untreated cases of MCAD deficiency will
eventually have symptoms comes from
experience in the Trent region in the UK.
Here, MCAD deficiency has been of long
standing interest and the number of cases
diagnosed in an eight year period was close to
the number calculated from heterozygote
frequency.’

There is a geographical variation in the inci-
dence of MCAD deficiency within the British
Isles. The lack of reported cases from the Irish
Republic probably reflects the relative rarity of
MCAD deficiency which, calculated on the
basis of the G985 gene frequency, is approxi-
mately 1.7 in 100 000 births (PD Mayne,
Temple Street Children’s Hospital, Dublin,
personal communication, November 1997).
Our survey reported 4.0 cases/100 000 births
in Scotland, despite a fairly low frequency of
the G985 mutation in West Scotland.”® For
England as a whole, 4.5 cases/100 000 births
were reported. These figures might overesti-
mate the “steady state” rate of diagnosis
because two siblings were diagnosed rather
late, 10 years after the first episode in the index
case, while another family with three affected
siblings was investigated for MCAD deficiency
seven years after the death of the index case."”
Calculated incidences of MCAD deficiency are
11.3/100 000 for Shropshire, Herefordshire,
and Worcestershire and 4.5/100 000 for the
Trent region.” Although there is probably still
some degree of underdiagnosis in the UK,
comparison of the current overall figures with
the diagnosis rate of 1.8/100 000 in the West
Midlands region in 1987-94 (16% of the
expected number)’ suggests that a greater
proportion of MCAD deficient children than
previously are being identified.

CLINICAL PRESENTATION

All but two of the clinically affected cases
reported presented with typical symptoms of
MCAD deficiency.* The age at first episode
ranged from 2 days (three cases) to 4.39 years,
with a median of 1.1 years (fig 1). Neonatal
presentation of MCAD deficiency is being
increasingly recognised,'’ *° but the proportion
recorded in this survey (seven in a total of 73
suspected or confirmed cases) is much lower
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than that found in the New South Wales series,
where eight of the 20 patients had had signifi-
cant hypoglycaemia requiring at least
intravenous glucose at an age of 1-3 days." It is
likely that neonatal episodes were significantly
underreported in this survey because there was
no systematic review of neonatal records.

DIAGNOSIS AND OUTCOME

The only previous study of unselected patients
with MCAD deficiency from a defined popula-
tion is that of Wilcken er a/ in New South
Wales.'* The series of Iafolla ez al was based on
a diagnostic service, although 112 of the 120
patients surveyed were from the USA.* Both
these studies were retrospective, spanning up
to 17 years and, not surprisingly, current UK
experience with diagnosis appears to be better:
35% of the patients described by Iafolla er al
and 25% of those described by Wilcken ez al
had more than one episode before diagnosis,
compared to 11% in our study. More than half
of the patients in our study who presented with
an acute episode were diagnosed within 30
days, compared with an average delay of 1.8
years in the series of Iafolla ez al. This probably
reflects increased clinical awareness of MCAD
deficiency and improved access to appropriate
laboratory services. Despite the improvement
in diagnosis and paediatric intensive care over
recent years, mortality remains high. Ten of the
62 cases diagnosed during our survey period
died during the initial attack and if affected
siblings and suspicious deaths are included
mortality of affected children in these families
was 17 of 73. This compares with mortality
rates of 19% and 25% in the New South Wales
and USA studies, respectively.

Both the New South Wales series' and the
USA series® record high levels of disability in
patients surviving an acute attack. Five of the
15 New South Wales survivors had some
degree of handicap. The USA survivors
showed cerebral palsy (9%), seizure disorder
(14%), muscle weakness (16%), speech dis-
ability (22%), and/or abnormal results on
formal psychodevelopmental assessment
(32%). In our survey, three of the 36 patients
surviving one or more attacks showed signs of
neurological damage in the immediate post-
recovery period and three others had develop-
mental delay or learning difficulty. These
apparently good results may be spurious, how-
ever, because a longer follow up period would
be necessary to reveal the milder neurodevel-
opmental deficits.

Our conclusion from this survey is that,
despite increasing awareness of MCAD defi-
ciency and more efficient diagnosis, mortality
remains essentially unchanged and morbidity is
still considerable. Although a few are diag-
nosed in the neonatal period, most patients
have their first detected attack after the age of 3
months and would benefit from early diagnosis
by neonatal screening. The number of cases
reported suggests that the frequency of MCAD
deficiency in England and Scotland is high
enough to justify inclusion in the neonatal
screening programme. "'
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