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The use of inhaled corticosteroids
during childhood: plus ça change…
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Commentary on the paper by Masoli et al (see page 902)

I
nhaled corticosteroid therapy (ICT)
has a long and for the most part
honourable history in the manage-

ment of asthma. Introduced in an
attempt to minimise the side effects
associated with systemic treatment,
early trials with nebulised hydrocorti-
sone showed little if any added benefit,1

but with the introduction of beclo-
methasone dipropionate,2 ICT rapidly
assumed a central rôle in the manage-
ment of asthma, transforming the lives
of millions of sufferers.
Early studies were reassuring, but it

soon became apparent that ICT did have
measurable systemic effects on the
hypothalamo-pituitary-adrenal axis,3

although there was little evidence that
these translated into clinically signifi-
cant problems, overt corticosteroid toxi-
city being a rare and apparently
idiosyncratic reaction.4 Worries about
the very real effects of ICT on growth5

have been largely banished by the
demonstration of normal adult height
at follow up.6 Posterior subcapsular
cataract formation has been reported
in children on ICT, but mainly in
children who have also received sys-
temic corticosteroids.7 8 Local reactions
such as oral candidiasis and hoarseness
occur on ICT,9 10 but usually respond to
simple measures such as mouth wash-
ing and the use of a spacer.
Thus, in recommended doses, ICT has

had an excellent safety record,11 but
encouraged by reports of the apparent
safety of high dose ICT in adults,12

paediatricians became increasingly bold
in ignoring the manufacturers’ dosage
recommendations, sometimes using
doses that might have been more
appropriate in the stable than the
paediatric ward. Alas, it was all to end
in tears. Several alarming reports of
symptomatic adrenal insufficiency in
children receiving high dose inhaled
corticosteroid therapy appeared in the
literature, including two in Archives.13 14

The second of these reported the results
of a survey of British paediatric respir-
ologists and endocrinologists,14 who
identified 28 children with acute adre-
nal insufficiency, of whom 23 presented
with hypoglycaemia. The authors later

became aware of five further British
cases.15 Although other forms of ICT
were occasionally involved, by far the
most frequently implicated drug in this
series was fluticasone, a finding for
which there are three possible explana-
tions.
Firstly, despite its well established

efficacy and safety at the recommended
dose of up to 200 mg per day, fluticasone
might be more toxic at higher doses,16

and I explored possible mechanisms for
this in a commentary17 on Todd’s paper.
Secondly, severe adrenal insufficiency

might be an idiosyncratic reaction to
fluticasone, similar to the toxic effects
seen in the occasional patient on other
forms of ICT.4 18

Thirdly, encouraged by reports of the
safety of fluticasone in recommended
doses, practitioners might have pre-
ferred high dose fluticasone to other
forms of ICT in children who were
unresponsive to normal doses, produ-
cing an entirely spurious association
between fluticasone and adrenal crisis.
There is evidence to support this
hypothesis.19 Unfortunately, in the
absence of detailed information on
national prescribing practice, those
wishing to relate the incidence of
adrenal crisis to the type and dose of
ICT will find in Todd’s paper a set
of reasonably accurate numerators, but
no denominators, and may well be left
wondering why this problem was not
seen during the many years when
beclomethasone and budesonide were
the only forms of ICT available in the
UK, and when alternative therapies
such as long acting b2 agonists and
leukotriene inhibitors were not available
to help constrain the ICT dose.
It was against this background that

Masoli and colleagues20 undertook a
systematic review of the dose-response
of fluticasone in children. Not surpris-
ingly, given the unwillingness of man-
ufacturers to sponsor trials of their
drugs at greater than recommended
doses, they found only one efficacy trial
in which a daily dose of 400 mg was
used, and this showed only slight added
benefit over a daily dose of 200 mg.
Unfortunately, although it is clear that

the dose-response curve is beginning to
flatten between 200 and 400 mg, its
shape beyond that point is unknown,
although it is a reasonable assumption
that the therapeutic gain at higher doses
will be small.

What are the implications of this
report for the practitioner faced with a
child who is unresponsive to recom-
mended doses of ICT? The initial reac-
tion is unrelated to dose-response
curves. When a child fails to respond
to a treatment that is effective in almost
everyone else with the same condition,
the case should be reviewed to ensure
that the diagnosis is correct, that rele-
vant triggers are being avoided, that
compliance with therapy is satisfactory,
and that full use has been made of
alternative treatments.
The review by Masoli and colleagues20

suggests only minor therapeutic gain
from using fluticasone in doses.200 mg
per day. However, it must be remem-
bered that Masoli and colleagues20 ana-
lysed observations made in the context
of clinical trials, a situation that bears
only a passing resemblance to real life
clinical practice. In clinical trials, care-
fully selected, trained, and compliant
patients follow elaborate protocols
involving detailed monitoring of both
adherence and response to treatment;
even so, we know that compliance falls
to less than 50% in prolonged trials.21

In clinical practice compliance is
miserably poor. We know that only
about three quarters of the prescribed
medication is given, even when parents
know they are being monitored,22 and
only one in six patients receive enough
repeat prescriptions to suggest that they
might be taking their prophylactic treat-
ment regularly.23 Thus the real life
patient seldom complies fully with
treatment and may even contrive not
to do so,24 may be incompetent or
careless about inhaler technique,24 and
may be using any one of a wide variety
of inhaler devices delivering a varying
proportion of administered drug to the
airways.25 It is therefore reasonable to
conclude that even if fluticasone is
prescribed in a dose of 200 mg twice
daily—that is, at twice the upper
recommended dose for children, the
amount actually taken will be appreci-
ably less, and indeed is likely to be
within recommended limits. Com-
pliance problems probably explain the
disparity between the results of formal
trials, which tell us that there is little to
be gained from using high dose ICT, and
the obvious benefit experienced by
many patients when such treatment is
used.
The second issue explored by Masoli

and colleagues20 is the capacity of
various doses of fluticasone to produce
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adrenal suppression. In daily doses
within the recommended range, all
forms of ICT have an excellent safety
record in children. Much less is known
about the safety of higher doses. In the
case of fluticasone, Masoli and collea-
gues20 found reports of adrenal suppres-
sion in an appreciable number of
children receiving daily doses of 400 mg
and above. Poor compliance might also
underlie at least some instances of acute
adrenal failure, if sufficient ICT is taken
to cause adrenal suppression, and then
reduced or withdrawn before adrenal
recovery can occur.
Does this mean that fluticasone

should be completely avoided at doses
.200 mg per day? I think not.
Fluticasone is currently used in higher
than recommended doses in large num-
bers of children with difficult asthma, in
whom it is frequently effective, and it
would clearly be wrong to deny them
effective treatment. There is however a
good case for ensuring that compliance
and response are monitored carefully,
and that the high dose is continued only
if there is clear evidence of benefit.
There is also a reasonable case for
suggesting that such patients should
carry steroid cards or wear a warning
bracelet, but need anything further be
done?
I would argue, as I have done

previously,17 that patients on exception-
ally high doses of ICT should have an
adrenal function test performed, the low
dose ACTH test26 being the most widely
used, although it has been suggested
that the corticotrophin releasing hor-
mone test provides a more accurate
assessment of the entire hypothalamo-
pituitary-adrenal axis.27 However, there
are problems with this apparently sim-
ple suggestion.
The first is the definition of ‘‘excep-

tionally high doses’’. The review by
Masoli and colleagues20 could be used
to justify a cut-off point of >400 mg per
day, but we would need to build
extensions to our endocrinology inves-
tigation units if we were to test all such
children. My previous suggestion17 of a
cut-off point of >1000 mg per day was
based on the apparent danger of such a
dose,14 but the same evidence could be
used to justify a cut-off of >500 mg per
day. Given that 500 mg is 2K times the
recommended dose, and somewhat
higher than the 400 mg dose identified
as potentially dangerous in Masoli and
colleagues’ review,20 this is perhaps a
more suitable line at which to start
worrying. For beclomethasone and
budesonide, the comparable figure
would be 1000 mg per day.
The second problem lies in defining

clinically significant depression of
adrenal function—that is, function so

impaired as to pose a threat to the child,
justifying the withdrawal of a signifi-
cant part of the child’s asthma medica-
tion. Biochemical evidence of impaired
adrenal function on ICT has been shown
in numerous studies, but until recently
has not been associated with clinical
features of hypoadrenalism. Care must
therefore be taken not to over-interpret
the results of adrenal function tests,
resulting in the withdrawal of effective
therapy.
Although the systematic review by

Masoli and colleagues20 provides us with
a useful overview of some of the
evidence on which we base our clinical
practice, its focus was restricted to
clinical efficacy and adrenal suppres-
sion, and did not address the effects on
collagen synthesis and bone metabolism
that may yet turn out to be the most
important side effects of ICT.
Loss of bone mineral density is a long

established side effect of oral cortico-
steroid therapy for asthma,28 so it was
hardly surprising that high dose ICT was
shown to have similar metabolic effects
in both adults29 and children.30 31 In
normal doses, ICT appears to have no
adverse effect on bone density in chil-
dren.32 33 However, even at normal doses
there are biochemical changes,34 35

which we ignore at our peril, just as
we previously ignored suppressive
effects on the hypothalamo-pituitary
axis. Indeed, there are some hints that
these changes may be of clinical sig-
nificance. Children on ICT have been
shown to have a dose related risk of
fractures,36 and although in this study
the excess risk disappeared after adjust-
ment for indicators of asthma severity
(and one expects the ICT dose to be
related to asthma severity), it is difficult
to escape the worrying possibility that
ICT rather than asthma was the true
culprit, particularly as it is known that
bone mineral density is normal in
asthmatic children before starting ICT.37

These effects on bone are particularly
worrying because they are cumulative
and because asthma is a chronic condi-
tion, so that we may be producing a
generation of asthmatic children, parti-
cularly girls, who having failed to
achieve normal peak bone mineral
density at the end of puberty, may
continue to take high dose ICT for many
further years, leading to gradual but
sustained bone demineralisation,
greatly enhancing the risk of post-
menopausal (or even pre-menopausal)
osteoporosis.
Against this background, should the

guidelines38 for the management of
childhood asthma be changed? In fact,
there’s nothing wrong with the guide-
lines; what’s wrong is our failure to
observe them. We should be much more

assiduous in applying the long standing
dogma that the best dose of any drug is
the lowest effective dose, we should
focus much more on the importance of
stepping down as well as stepping up
the dosage of ICT, and we should use
high dose ICT only when all else has
failed. But none of that is new, it’s what
we should have been doing since 1974.
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Gingivitis as probable source of a thoracic actinomycosis due to Actinomyces israelii and
Actinobacillus actinomycetemcomitans

A
ctinomycosis is a chronic, granu-
lomatous disease of cervicofacial
(55%), abdominal (20%), or thor-

acic (15%) location caused by Actino-
myces israelii.1 It is often accompanied by
copathogens such as Actinobacillus actino-
mycetemcomitans, which is also strongly
associated with gingivitis.2

We report on a 9 year old boy who
presented with a six week history of
cough, weight loss, and malaise, but no
fever. On physical examination he had
right lower lobe dullness, and signs of
gingivitis with tooth decay of the lower
molars.
The erythrocyte sedimentation rate

(ESR) was 110 mm, C reactive protein
(CRP) 91 mg/l, leucocytes 14.76109/l
with a left shift. Chest x ray examination
showed right lower lobe consolidation
with a pleural effusion; the pleural
puncture was not diagnostic.
The patient improved on oral erythro-

mycin; a follow up x ray examination
showed regression of the initial find-
ings. Six weeks later he was readmitted
with a painful soft tissue swelling over
the right latero-dorsal thorax. x Ray
examination again showed right lower
consolidation; bony destruction of one
rib was suspected. An open biopsy of
the swelling showed a chronic inflam-
matory process with pus containing
Gram positive filiform rods resembling
actinomyces. Culture was positive for A
israelii and A actinomycetemcomitans.
Although these organisms were not
recovered from a gingival culture, A
actinomycetemcomitans was shown in
three of four gingival lesions using

specific hybridisation probes (IAI-
Pado-Test 4.5).2 Postoperatively the
patient became febrile. He made a full
recovery with ampicillin/sulbactam for
four weeks intravenously, followed by
oral ampicillin/sulbactam for three
months.
Actinomycosis is uncommon in

Europe and can be mistaken for malig-
nancy or other granulomatous or mixed
anaerobic infections. Our patient prob-
ably aspirated the pathogens from his
periodontal lesions.3 While A israelii is
susceptible to penicillin, tetracycline,
erythromycin, and clindamycin in most
cases, A actinomycetemcomitans may be
resistant,4 5 as observed in our patient.
In summary, adequate diagnostic pro-
cedures, debridement, and prolonged
antibiotic therapy may be life saving in
severe actinomycotic infections.
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Figure 1 Thoracic CT scan showing right
sided pleural effusion with pulmonary
consolidation and erosion of rib (arrow).

PERSPECTIVES 895

www.archdischild.com

http://adc.bmj.com

