
Leukotriene receptor antagonist
therapy and Churg–Strauss
syndrome: culprit or innocent
bystander?
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Randomised controlled trials can provide
strong evidence of the efficacy (or lack) of
new drug treatments as well as the
occurrence of common side effects.1

However, clinical safety issues can arise
after new medications receive regulatory
approval, particularly in relation to rare
serious adverse events.2 Investigation of
rare adverse events is often fraught with
difficulty, leading to uncertainty, particu-
larly when there is conflicting evidence
from research utilising different meth-
odologies. One recent example is the
observed association between leukotriene
receptor antagonist (LTRA) therapy, used
in the treatment of asthma, and Churg–
Strauss syndrome (CSS), a vasculitis of
uncertain aetiology (also known as aller-
gic granulomatous angiitis). CSS is cer-
tainly both rare and serious, with a
background incidence of 3 per million
per year in the general population, and a
1 year mortality rate of 7%.3–5

Soon after the introduction of LTRAs
(zafirlukast, pranlukast and montelukast),
numerous case reports and case series were
published of patients who developed CSS
after starting this therapy.6–13 The temporal
relationship between the introduction of
LTRA therapy and the development of CSS
suggested a possible causal relationship. An
underlying mechanism was proposed
whereby LTRA therapy may lead to an
imbalance in leukotriene receptor stimula-
tion, resulting in unopposed activity of
LTB4, a potent chemoattractant for eosin-
ophils as well as neutrophils, which could
potentially lead to eosinophilic tissue infil-
tration and the initiation of systemic
vasculitis.14 15

A feature of a number of the case
reports was that the introduction of the

LTRA allowed significant oral steroid
reduction, suggesting that this therapy
may have unmasked previously existing
CSS that had been suppressed by the
steroids prescribed for asthma. Another
observation was that some cases had
severe or unstable asthma at the time
LTRA therapy was introduced, which
arguably may have represented the ear-
liest phase of CSS, characterised by
asthma and rhinosinusitis. It has been
proposed that in these cases, LTRA
therapy may have been prescribed in
response to the initial phase of CSS,
which then progressed to eosinophilia
with pulmonary infiltration and subse-
quently systemic vasculitis during LTRA
therapy.16 It has been difficult to assess the
validity of these hypotheses because of the
paucity of data that has been available,
limited primarily to either case reports or
case series in which the method of case
selection was not specified, giving potential
for selection and publication bias.

These hypotheses were not supported by
the observation that there were very few
published reports of CSS following the
introduction of other asthma treatments,
including inhaled corticosteroids (ICS),
theophylline, cromolyns and long acting b
agonists (LABAs), all of which have shown
some steroid sparing effects.13 Similarly, of
63 cases of CSS reported to the UK
Committee on Safety of Medicines (CSM)
through the Yellow Card Scheme since
1963, 59 were documented in 1998 and
1999; of these, 90% were associated with
drugs used to treat asthma, mainly
LTRAs.17 Likewise, in the US FDA
Adverse Event Report System database,
reporting of CSS was strongly associated
with LTRA use and not other commonly
used asthma therapies, including ICS and
LABA therapy.18 ICS are more likely to have
oral steroid sparing effects,19 20 and LABAs
greater ICS sparing effects21 22 than LTRA
therapy.23 Thus if CSS does indeed appear
in response to steroid withdrawal, these
commonly prescribed therapies are more
likely than LTRAs to result in unmasking

of CSS. Furthermore, the recommended
use of ICS and LABA therapy in severe
asthma24 might be expected to result in
their greater coincident use in patients with
pre-existing CSS manifest by severe
unstable asthma.

To balance this interpretation there is
recent evidence that the predominant
association of CSS with LTRA and not
with other commonly prescribed thera-
pies may be due in part to selection bias.
In a recent US based case control study,
only 6/47 (13%) patients with CSS were
exposed to LTRA therapy,25 markedly
lower than the proportion of CSS cases
on LTRA reported to the FDA or CSM, or
published in the medical literature. This
study reported a strong association
between LTRA use and CSS, but in
multivariate analyses controlling for
asthma drug use, no significant associa-
tion was observed. It was acknowledged
that because of the low power of the
study, it was not possible to rule out an
up to fourfold increased risk of CSS with
LTRA therapy. There are also a number of
recent case series reporting the occurrence
of CSS unrelated to LTRA therapy,
including cases in which ICS therapy
allowed oral corticosteroid withdra-
wal.26 27 However, others have reported
an increase in the incidence of CSS driven
primarily by cases using LTRA therapy.28

As a result, there is conflicting evidence
on whether the association between
LTRA and CSS is primarily a result of
confounding by indication, or represents a
genuine causal association. Two papers,
one published in this issue of Thorax,29

and the other published recently,30 utilis-
ing different methodologies, have
addressed this issue and come to different
conclusions (see page 883). Nathani et al
present a systematic review of cases and
cases series that report CSS in association
with LTRA use.29 There were 62 patients
from 40 publications which were identi-
fied from Medline included in the review.
The main finding was that the majority of
patients exhibited a clear temporal rela-
tionship between initiation of LTRA
therapy and development of CSS, with
no evidence of pre-existing disease or
steroid withdrawal. Indeed, seven (11%)
cases were entirely steroid naı̈ve, not on
ICS or oral corticosteroids when LTRA
therapy was initiated. Cases were identi-
fied in which there was a relapse of CSS
following reintroduction of LTRA ther-
apy, and other cases in which there was
remission of signs and symptoms of CSS
on withdrawal of LTRA therapy, which
could not be attributed to systemic
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steroid or immunosuppressive therapy.
The authors concluded that the available
evidence suggests an association between
LTRA and CSS that may be causal.

In the other publication, Hauser et al
used an extension of case control method-
ology to investigate exposure to the LTRA
montelukast (and other asthma medica-
tions) and the development of CSS.30 The
case control study identified 78 patients
from two databases, one a French cohort
who were participating in a clinical trial of
therapy for CSS, and the other a German
cohort which was part of a prospective
registry for a tertiary referral centre for
vasculitis management. Both databases
were accumulated over a 10 year period
and the study focused on montelukast as
it was the only LTRA approved in France
and Germany. The main findings were
that the use of montelukast in the
3 months before the development of
CSS was more likely than use in the
period more than 3 months before its
development, and that positive estimates
were also obtained for other long term
asthma control medications with effects
that were independent of montelukast
use. The authors concluded that because
the association with CSS onset was not
specific to montelukast but also occurred
with other asthma medications, it was
more likely to be caused by a general
escalation of treatment in response to
worsening asthma. They also noted that
there was increasing use of montelukast
during the study period, adding weight to
a confounding rather than causative role
of montelukast in CSS development.

Both papers highlight the fact that CSS
is rare, and that as a result, statistical
testing is likely to lack power to detect
important associations (highlighted by
the wide confidence intervals in the case
control study). Both studies are also likely
to be influenced by selection bias, which
may limit the generalisability of the
findings. The evidence of causation pro-
vided by case reports and case series is
usually prescribed lesser weight than that
of case control studies. However, the
systematic review by Nathani and collea-
gues29 does provide important informa-
tion that CSS may occur in association
with LTRA therapy in the absence of pre-
existing disease, may occur on rechallenge
with LTRA therapy and may remit on
withdrawal of LTRA therapy without the
requirement to start or increase the dose
of systemic steroid or immunosuppressive
therapy.

The evidence against causation pro-
vided by the case control study of
Hauser and colleagues30 is open to debate.

The authors did in fact identify a strong
association between CSS and LTRA ther-
apy and were unable to convincingly
demonstrate that it was confounding by
indication that led to this association. In
the multivariate analyses, in which all
four asthma medication classes were
included as covariates, the risk of devel-
oping CSS within 3 months was 6.7 (95%
confidence interval (CI) 1.3 to 34.1) for
montelukast, 4.2 (95% CI 1.2 to 14.6) for
oral steroids, 2.9 (95% CI 0.6 to 13.3) for
LABAs and 1.0 (95% CI 0.2 to 4.8) for ICS.
Thus there was a significant risk associated
with LTRA, but not with ICS and LABA
therapy, although it must be noted that all
the confidence intervals were wide, result-
ing in considerable uncertainty in inter-
pretation. The increase in risk with oral
steroids is likely to relate to their use in
severe exacerbations of asthma, resulting
from the progression of CSS. Notably,
Hauser and colleagues30 have also provided
substantive evidence (consistent with the
previous case control study25) that there is
likely to have been major selection bias in
the reporting of the association between
asthma therapy and CSS, in which the vast
majority of reported cases relate to LTRA
therapy, whereas such cases represented
only a quarter of their database.

The study of rare serious adverse events
associated with medication use is inher-
ently difficult and the investigation of the
association between LTRA therapy and
CSS is no exception. However, despite the
apparent conflicting nature of the data, it
can be brought together in a consistent
manner to conclude that there are a number
of different clinical circumstances in which
CSS may occur in association with LTRA
therapy. These include its use for worsening
asthma which may or may not be coin-
cidentally a symptom of an early phase of a
progressive pre-existing CSS; its use result-
ing in clinical improvement leading to a
reduction in steroid use potentially allow-
ing unmasking of underlying CSS; and its
use in patients with no evidence of pre-
existing CSS or change in steroid use. In
addition, its use may also lead to a
recurrence of CSS and its withdrawal may
be associated with a remission independent
of systemic steroid or immunosuppressive
therapy. There is now sufficient evidence to
suggest that all of these distinct clinical
scenarios may occur, with the priorities
now to determine the proportion of cases in
which the association is causative, and the
pathophysiological processes by which this
occurs.31 Doctors need to be mindful of the
risk of CSS associated with LTRA therapy,
particularly when prescribed to patients
with moderate to severe asthma or in the

setting of steroid withdrawal, and be aware
of the clinical manifestations of CSS and
the requirement to withdraw LTRA ther-
apy should CSS develop.
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A breath of fresh air for acute
oxygen treatment
Peter Calverley

Oxygen therapy given to acutely ill people
is one of the commonest interventions
used in modern medicine and has become
part of the folklore of our times as a sick
patient wearing an oxygen mask is
pushed through the emergency depart-
ment, both in real life and on television.
Although the principles of oxygen treat-
ment have been established by painstak-
ing quantitative research over the past
60 years, in practice most people learn to
use oxygen by following customary prac-
tice in their institution rather than con-
sidering rationally how it is best
employed. A feeling that some oxygen is
good, therefore more must be better, can
be a dangerous precept to follow, whereas
an unnecessary paranoia about inducing
carbon dioxide retention can deny some
people potentially life saving treatment.
These uncertainties make the arrival of
the new British Thoracic Society
Guideline for Emergency Oxygen Use in
Adults1 particularly welcome. This rather
daunting document, which has been
extensively endorsed by key professional
societies and practitioner groups, provides
a comprehensive and at times exhaustive
review of the theory and practice of acute
oxygen treatment. Its scope ranges from a
detailed consideration of how oxygen
therapy influences respiratory physiology
and tissue oxygen delivery through to
which mask should be chosen and how
oxygen services should be developed. It
is a major resource which answers
almost any question about acute oxygen
therapy but is best consulted selectively,

depending on the interest and needs of
the user. The helpful summary of key
recommendations contains the essential
knowledge for most practitioners while
the ‘‘summary of the summary’’ at the
beginning of this document is worth
committing to memory.

This Guideline represents the views of a
wide constituency of oxygen users and
this in itself has contributed to its
complexity. It has followed a robust
methodology with careful consideration
of the nature of the evidence available
although, as the authors make clear, this
evidence is largely grade 3 and grade 4 (ie,
based on observational clinical studies or
expert opinion). This does not mean it is
less important but is simply a reflection of
the difficulties of conducting appropriate
clinical trials in a setting where informed
patient consent is often impossible to
obtain and where there is a risk that
withholding the intervention might ser-
iously disadvantage the patient. It would
be impossible and inappropriate to review
all the many recommendations in this
editorial but some flavour of the scope of
what is covered might be helpful.

The Guideline is quite clear that oxygen
is given acutely for the treatment of
hypoxaemia. This is not the same as
giving oxygen to treat breathlessness, as
many hypoxaemic patients are not parti-
cularly breathless while many breathless
patients are not hypoxaemic. Providing
patients with a flow of gas over the face
may decrease the perception of breath-
lessness but this mechanism, if it operates
in many of the clinical circumstances
reviewed here, is certainly not the same
as giving oxygen to improve tissue oxygen
delivery. Focusing on this more important
and better validated use of oxygen has

two immediate consequences. The first is
that treating tissue hypoxia involves more
than just increasing the oxygen concen-
tration. In some circumstances, oxygen
delivery is best improved by increasing
cardiac output or correcting anaemia and
this integrated approach to care based on
a proper diagnosis is central to the
Guideline recommendations. The second
consideration is more practical.
Hypoxaemic patients need to be properly
identified and it is unwise to rely too
much on a clinical diagnosis of central
cyanosis. This is less of a problem than in
the past as there is a widespread avail-
ability of reliable and relatively artefact
free pulse oximeters. The section on using
oximeters is well worth reading and
particularly the pitfalls that follow when
measurement is attempted in patients
with poor peripheral circulation or even
those still wearing nail varnish! Using
pulse oximetry and an assessment of the
patient’s severity, a reasonable inspired
oxygen concentration can be selected
with the patient’s oxygen saturation
targeted to maximise benefit and mini-
mise harm.

There is more enthusiasm for diagnos-
ing hypercapnia on clinical grounds,
although a good sensitivity and specificity
analysis on any of the clinical signs cited
is currently lacking. The hazards of
hypercapnia in patients with hypoxaemic
chronic obstructive pulmonary disease
(but also in those with the rarer condi-
tions, such as neuromuscular disease), are
appropriately discussed and the proposed
target oxygen saturation of 88–92% in
these patients is a sensible recommenda-
tion. Even more important is the proposal
for a specific oxygen alert card in patients
who are at risk of carbon dioxide reten-
tion when they receive oxygen or have
exhibited this problem in the past.
Widespread uptake of this sensible idea
would reduce the inadvertent harm done
to these patients when transferred to
hospital while acutely ill and it is being
trialled by many ambulance Trusts in the
UK. Although the information contained
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