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Case-control study of salmeterol and near-fatal
attacks of asthma

C Williams, L Crossland, J Finnerty, J Crane, S Holgate, N Pearce, R Beasley

Abstract 4.78), p<0.01) were increased and did not
markedly decrease when the analysis wasBackground – A case-control study was
restricted to the more severe asthmaticundertaken to investigate the hypothesis
subjects.that the use of the long acting b agonist
Conclusions – Although these findings aresalmeterol increases the risk of a near-
not conclusive, particularly because of thefatal attack of asthma.
small numbers involved in some subgroupMethods – The cases comprised ad-
analyses, they suggest that the use of sal-missions to the intensive care unit (ICU)
meterol by patients with chronic severefor asthma in 14 major hospitals within
asthma is not associated with a sig-the Wessex region in 1992. For each of
nificantly increased risk of a near-fatalthe cases four age-matched controls were
attack of asthma. If a near-fatal asthmaselected from asthma admissions to the
attack is considered to be an intermediatesame hospital during the same period. In-
step in a process by which a severe attackformation on prescribed drug therapy for
of asthma may become fatal, these resultsthe 48 cases and 185 controls was collected
would suggest that salmeterol is unlikelyfrom the hospital admission records.
to be associated with an increased risk ofResults – The patients admitted to the ICU
death, at least by this mechanism.had greater chronic asthma severity and
(Thorax 1998;53:7–13)had generally been prescribed more

asthma drugs than the control admissions
Keywords: asthma, mortality, near-fatal attacks, sal-to hospital. The relative risk of a near-fatal
meterol, case-control study.attack of asthma in patients prescribed

inhaled salmeterol was 2.32 (95% CI 1.05
to 5.16), p=0.04. However, the salmeterol Following the association of the b agonists
relative risk decreased to 1.42 (95% CI 0.49 isoprenaline forte and fenoterol with epidemics
to 4.10), p=0.52 when the analysis was of asthma mortality1 and the detailed in-
restricted to the more chronically severe vestigations of the different acute and long term
patients (those in the subgroup of patients side effects of b agonist drugs,2 3 there has been
with a hospital admission for asthma in considerable interest and concern regarding
the previous 12 months). These findings the safety of b agonist drug therapy and, in
suggest that the increased unadjusted rel-Immunopharmacology particular, the new generation of long acting b

Group, ative risk with salmeterol is predominantly agonists such as salmeterol (Serevent).4 Clinical
University Medicine 1, due to confounding by severity – that is, studies have convincingly shown a greater dur-Southampton General

the increased relative risk is due to patientsHospital, ation of bronchodilator action of salmeterol
Southampton with more severe asthma (at greatest risk when compared with established agents such
SO9 4XY, UK of a near-fatal asthma attack) being pref- as salbutamol5 and improved symptomatic con-C Williams

erentially prescribed salmeterol. This in- trol in asthmatic patients with its long termJ Finnerty
S Holgate terpretation is supported by the finding in use.6–8 Investigations of the long term airways

this study that, within the control group effects of salmeterol have revealed no worseningDepartment of
(selected from the population of asth- of bronchial hyperreactivity.9 Similarly most,6–10

Medicine,
Wellington School of matics requiring hospital admission), sal- but not all,11 studies have found no tolerance
Medicine, meterol was preferentially prescribed to its bronchodilator effects, although a re-P O Box 7343, to the most severe patients (a threefold duction in the protection against broncho-Wellington,
New Zealand greater prescription of salmeterol to con- constrictor stimuli has been observed,9–12 the
L Crossland trol patients if they had been admitted to clinical significance of which remains un-J Crane hospital in the 12 months prior to the index certain. By their very nature these long termN Pearce

admission). There was no increased riskR Beasley clinical studies6–10 12 involving small numbers
of a near-fatal attack of asthma in patients of asthmatic subjects are unable to determineCorrespondence to:

Professor R Beasley. prescribed a b agonist by metered dose whether salmeterol may increase the risk of a
inhaler (OR 0.75 (95% CI 0.31 to 1.78),Received 9 May 1997 life threatening or fatal attack of asthma due

Returned to authors p=0.51). In contrast, the relative risks for to the rarity of these adverse events.3 July 1997
b agonists delivered by nebulisation (ORRevised version received In an attempt to investigate specifically

24 September 1997 3.86 (95% CI 1.99 to 7.50), p<0.001) and whether salmeterol increases the risk of a lifeAccepted for publication
16 October 1997 oral theophylline (OR 2.45 (95% CI 1.26 to threatening or fatal attack of asthma, the Ser-
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8 Williams, Crossland, Finnerty, et al

event Nationwide Surveillance Project was There are two outcomes which can be used
to select the cases in such a case-control study:undertaken.13 In this study 25 180 asthmatic
death from asthma or a near-fatal attack ofpatients considered to require regular treatment
asthma. While a fatal attack of asthma is thewith bronchodilators were randomly allocated
preferred outcome to study, near-fatal attacksto receive either salbutamol (200 lg four times
are also worthy of study since any drug whicha day) or salmeterol (50 lg twice daily) for
increases the risk of death might also be ex-a 12 week period with major adverse events
pected to increase the risk of a near-fatal attackrecorded to determine whether the regular use
of asthma. Thus, the occurrence of a near-fatalof salmeterol led to a worsening of asthma
attack of asthma may be an intermediate stagecontrol. The study found that salmeterol did
of a process by which a fatal attack of asthmanot lead to an increase in the frequency of
may eventually occur. Although it is necessarysevere asthma attacks leading to either hospital
to be cautious in interpreting the findings ofadmission (relative risk 0.95; p=0.7) or with-
such studies,18 the use of this surrogate casedrawal from the study (relative risk 0.77; p
group nevertheless has several practical ad-<0.001).
vantages – life threatening attacks of asthmaHowever, the study had insufficient power
occur more frequently than asthma deaths, itto investigate the relative risk of death as-
allows simple identification of the cases throughsociated with salmeterol as there were only 14
ready access to the medical records of patientsdeaths in total throughout the study period. As
admitted to the intensive care unit, and ensuresa result, it was not possible to interpret the
that there is accurate and comparable docu-finding of a “non-statistically significant” (p=
mentation of regular prescribed drug therapy0.105) threefold increased risk of death as-
in both the cases and controls.sociated with the prescription of salmeterol.

In this paper we report the results of a case-The reassurance offered by the authors that
control study of salmeterol and the risk of athe number of deaths associated with sal-
near-fatal attack of asthma.meterol was no greater than one would expect

in such a group of asthmatic subjects was not
entirely convincing and negated the purpose of

Methodsundertaking a study with an appropriate control
The regular prescribed drug therapy of asth-group. An alternative interpretation was that it
matic patients admitted to an intensive carewas the inadequate power of the study (and
unit (ICU) with a near-fatal attack of asthmathe resulting imprecision in the effect estimates)
(cases) was compared with that of asthmaticthat prevented the threefold increased risk of
patients requiring admission to hospital (butdeath with salmeterol from reaching statistical
not ICU) with severe asthma (controls). At-significance. tention focused on the 5–45 year age groupLikewise, the results of the subsequent pre- because asthma is a reasonably clearcut dia-scription event monitoring study14 were in- gnosis in this age group.19 The study was under-

conclusive. In this observational cohort study taken in the 14 major hospitals within the
of over 15 000 patients prescribed salmeterol Wessex Regional Health Authority region.
there were 39 deaths due to asthma in patients
taking salmeterol in the last month of life.
Although the authors concluded that there was   
no evidence that salmeterol contributed to The eligible cases comprised all persons aged
death in any of the patients examined, no 5–45 years who were admitted to the ICU in
definite clinical criteria were provided (or in- the major hospitals of the Wessex Regional
deed exist) as to what evidence would indicate Health Authority during the period 1 January
such an association, particularly when applied 1992 to 31 December 1992. The potential
to a group of patients with severe asthma with cases were identified from the ICU admission
an increased risk of both morbidity and mor- books as having a primary diagnosis of asthma
tality. As a result of this lack of a control group, as the cause of admission.
matched in terms of chronic asthma severity,
the authors were unable to determine whether
the use of salmeterol was causally associated   
with the deaths observed. Likewise, the cir- For each case, four controls were selected at
cumstantial case reports linking patients dying random from hospital records of patients dis-
from asthma with salmeterol use are unable to charged from the same hospital with a diagnosis
determine whether the drug therapy con- of asthma within the same month in which the
tributed to the fatal outcome.15 16

case was admitted. The controls were matched
These studies illustrate the difficulties as- by hospital and age (within five years). If suffi-

sociated with controlled trials, cohort studies, cient controls could not be obtained, the ac-
or case reports in the investigation of the role ceptable admission period was widened to six
of prescribed drug therapy and asthma mor- months and the acceptable age range was
tality. A more appropriate epidemiological ap- widened to 10 years.
proach is to utilise case-control methodology17

in which all subjects with the rare adverse
event are studied, together with a small but     
representative proportion of the controls with For both cases and controls, information was
severe asthma in whom this outcome has not recorded as to whether the patient was admitted

to an intensive care unit, was mechanicallyoccurred.
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Case-control study of salmeterol and near-fatal attacks of asthma 9

ventilated, and the worst arterial carbon dioxide for salmeterol and for other key analyses. For
simplicity, unmatched analyses are therefore(Pa2) measurement during the admission.

Other markers of acute asthma severity such presented throughout. The Mantel Haenszel23

procedure was used to calculated odds ratiosas admission peak flow, arterial oxygen meas-
urements, or clinical examination findings were (ORs) and test-based confidence intervals

(CIs).24 The possibility of confounding or effectnot utilised as they were not recorded in a
standardised manner and/or their inter- modification by severity was assessed by cal-

culation of odds ratios in the various subgroupspretation was confounded by other factors such
as level of oxygen therapy received. defined by markers of chronic asthma severity.25

To determine whether salmeterol was pref-
erentially prescribed to the more severe asth-
matic patient, the proportion of control patients    

For all cases and controls, hospital records prescribed salmeterol in each of the subgroups
defined by markers of chronic asthma severitywere used as the information source for the

prescribed drug therapy at the time of ad- was compared with the proportion not pre-
scribed salmeterol.mission. Information was recorded from the

case notes, general practitioner letter, Accident
and Emergency notes, and other sources. It
was not possible to perform the data extraction
“blind”, but all the drug information was re- Results

Between 1 January and 31 December 1992corded from these sources. When more than
one record was available from a particular case records of 48 patients (32% men, mean

age 25.5 years) admitted to an ICU in one ofsource – for example, in the case notes – then
the composite of all the data was used. The the 14 major hospitals in the Wessex region

with a near-fatal attack of asthma were iden-data forms were copied and all information
that identified cases and controls was deleted. tified. For 17 (35%) of the 48 cases, the hospital

records documented that they had been ventil-Two different members of the study team then
made a blind assessment of the drugs on ad- ated. The mean (range) worst Pa2 was 7.3

(2.4–16.6) kPa in the 45 cases in whom arterialmission. For oral corticosteroids information
in the patient records was used to determine blood gas measurements were recorded. In 25

(55%) of these cases the Pa2 was >6.0 kPa.whether they were for long term (continuous)
or short term use (associated with the index When the analysis was restricted to the 30 cases

with documented mechanical ventilation orattack). If it was not clear from the histories,
then the oral corticosteroid use was designated worst Pa2 >6.0 kPa there was little change

in the study findings; thus all 48 cases were“don’t know”. Previous validation exercises
have shown that there is very close agreement included in the analyses.

There were 192 controls (37% men, meanbetween information on drug treatment re-
corded in hospital records (using the same age 25.4 years) matched on hospital, date of

admission, and age. Arterial blood gas meas-procedure as that followed in the current study)
and that obtained from the patient’s general urements were undertaken in 102 of the con-

trols and the mean (range) worst Pa2 waspractitioner, and that there are no systematic
differences in documentation of b agonist ther- 4.7 (1.6–12.9) kPa. The seven controls in

whom the Pa2 was >6.0 kPa were excludedapy between the two sources.20

from subsequent analysis as it was considered
that they could have been experiencing a near-
fatal asthma attack even though the attending    

The possibility of confounding or effect modi- physicians did not arrange for admission to an
ICU.fication by severity was assessed by considering

various subgroups defined by three markers of Table 1 shows the relative risks of a near-
fatal attack of asthma associated with pre-chronic asthma severity: (1) three or more

prescribed categories of asthma drugs at the scribed drug therapy at the time of admission.
There was no increased risk of a near-fataltime of admission (oral or aerosolised b agon-

ists, nebulised b agonists, theophyllines, so- attack in patients prescribed a b agonist by
metered dose inhaler (MDI). The relative riskdium cromoglycate or inhaled corticosteroids,

and oral corticosteroids); (2) a hospital ad- of a near-fatal attack in patients prescribed
salmeterol (compared with patients not pre-mission for asthma during the previous 12

months (prior to the index admission under scribed salmeterol) was 2.32 (95% CI 1.05 to
5.16). There was no increased risk associatedconsideration); and (3) prescribed oral cortico-

steroids at the time of admission. These with salbutamol or terbutaline by MDI.
There were large differences between casesmarkers have been shown to identify patients

with severe asthma at increased risk of hospital and controls for most other forms of broncho-
dilator therapy. For example, the relative riskadmission or death from asthma.21 22

for the prescription of regular nebulised b agon-
ist therapy was 3.86 (95% CI 1.99 to 7.50). The
relative risk associated with the prescription of 

Data for both cases and controls were entered oral theophyllines was increased (odds ratio
2.45; 95% CI 1.26 to 4.78), and there was alsoonto an IBM-compatible microcomputer and

analysed using the SAS statistical package. an increased relative risk of a near-fatal attack
amongst patients prescribed antimuscarinicMatched analyses and unmatched analyses

were found to give virtually identical results bronchodilators by both MDI and nebuliser.
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10 Williams, Crossland, Finnerty, et al

Table 1 Prescribed drug therapy, markers of chronic asthma severity, and the relative risk of a near-fatal attack of
asthma

Exposure Cases Controls Odds 95% CI p value
ratio

Yes No Yes No

Drug therapy
b agonist MDI 40 8 161 24 0.75 0.31 to 1.78 0.51

Salbutamol 36 12 149 36 0.73 0.34 to 1.53 0.40
Fenoterol 1 47 1 184 3.92 0.29 to 52.52 0.30
Salmeterol 11 37 21 164 2.32 1.05 to 5.16 0.04
Terbutaline 2 46 9 176 0.85 0.18 to 4.08 0.84

b agonist nebuliser 21 27 31 154 3.86 1.99 to 7.50 <0.001
Salbutamol 19 29 31 154 3.26 1.66 to 6.39 <0.01
Terbutaline 2 46 0 185 – – <0.01

Oral theophylline 19 29 39 146 2.45 1.26 to 4.78 <0.01
Sodium cromoglycate 4 44 8 177 2.01 0.59 to 6.85 0.26
Inhaled corticosteroids 35 13 123 62 1.36 0.67 to 2.75 0.40
Oral corticosteroids 25 23 77 108 1.53 0.81 to 2.88 0.19

Continuous steroids 11 37 15 170 3.37 1.48 to 7.66 <0.01
Antimuscarinic MDI

Atrovent 5 43 9 176 2.27 0.74 to 6.96 0.15
Oxivent 3 45 3 182 4.04 0.88 to 18.52 0.07

Atrovent nebuliser 9 39 8 177 5.11 2.00 to 13.01 <0.01
Methothrexate 1 47 2 183 1.95 0.18 to 21.12 0.58
Psychotropics 5 43 6 179 3.47 1.08 to 11.18 0.04

Marker of chronic asthma severity
Three or more asthma drugs 29 19 77 108 2.14 1.13 to 4.07 0.02
Previous admission 28 20 50 135 3.78 2.00 to 7.15 <0.001

Table 2 Prescribed salmeterol by MDI and relative risk of a near-fatal attack of asthma: findings in subgroups defined
by markers of chronic asthma severity

Subgroup Cases Controls Odds 95% CI p value
ratio

Yes No Yes No

>3 asthma drugs
Yes 10 19 16 61 2.01 0.79 to 5.13 0.15
No 1 18 5 103 1.14 0.13 to 10.45 0.91

Previous hospital admission
Yes 8 20 11 39 1.42 0.49 to 4.10 0.52
No 3 17 10 125 2.21 0.57 to 8.60 0.25

Continuous oral steroids
Yes 4 7 3 12 2.29 0.39 to 13.53 0.36
No 7 30 18 152 1.97 0.77 to 5.07 0.16

Continuous oral steroids and previous admission
Yes 4 7 3 9 1.71 0.28 to 10.64 0.56
No 7 30 18 155 2.01 0.78 to 5.17 0.15

In contrast, there was less evidence of differ- being preferentially prescribed a specific drug
– the relative risk of a near-fatal attack wasences between cases and controls for inhaled

and oral anti-inflammatory therapy, with the calculated in asthma subgroups defined by
markers of severity (table 2). For salmeterolrelative risk for sodium cromoglycate, oral and

inhaled corticosteroids being 2.01, 1.53 and the relative risk did not decrease markedly when
the analysis was restricted to patients with three1.36, respectively. However, when oral cortico-

steroid use was classified according to con- or more asthma drugs (OR 2.01, 95% CI 0.79
to 5.13). However, the odds ratio decreased totinuous use, the relative risk increased to 3.37

(95% CI 1.48 to 7.66). 1.42 (95% CI 0.49 to 4.10) when the analysis
was restricted to patients with a hospital ad-Comparison of the markers of chronic

asthma severity in cases and controls showed mission for asthma during the previous year;
this is known to be the most valid availablethat cases had greater baseline asthma severity

than controls (table 1). There were 29 (60%) marker of chronic asthma severity.20 21 In
patients with the most severe chronic asthmacases prescribed three or more asthma drugs

compared with 77 (42%) controls (odds ratio – that is, those who had been admitted to
hospital during the previous 12 months and2.14, 95% CI 1.13 to 4.07) and 28 (58%)

cases compared with 50 (27%) controls had were prescribed continuous oral corticosteroids
– the salmeterol relative risk was 1.71 (95% CIa hospital admission for asthma during the

previous year (odds ratio 3.78, 95% CI 2.00 0.28 to 10.64).
To assess whether salmeterol was pref-to 7.15). The cases had also been prescribed

psychotropic drugs more frequently (odds ratio erentially prescribed to the more severe asth-
matic subjects an analysis was undertaken in3.47, 95% CI 1.08 to 11.18), indicating greater

psychosocial problems. which the proportion of controls in each se-
verity subgroup that was prescribed salmeterolTo investigate whether the increased relative

risk associated with different forms of pre- was calculated (table 3). For controls with a
hospital admission during the previous year, 11scribed drug therapy may be confounded by

asthma severity – that is, whether the increased out of 50 (22%) were prescribed salmeterol,
which contrasts with the 10 out of 135 controlsrisk was due to patients with more severe

asthma (at greater risk of a near-fatal attack) who had not had an admission in the previous
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Case-control study of salmeterol and near-fatal attacks of asthma 11

attack of asthma. However, these results shouldTable 3 Proportion of controls∗ prescribed salmeterol:
findings in subgroups defined by markers of chronic be interpreted with caution and, in particular,
asthma severity two major issues need to be addressed – namely,
Subgroup Prescribed salmeterol the selection of cases and confounding by se-

verity.Yes (%) No (%)
Asthmatic patients who were admitted to an

>3 asthma drugs
intensive care unit were selected to identify aYes 16 (21%) 61 (79%)

No 5 (5%) 103 (95%) group of asthmatic subjects who were ex-
periencing a life threatening attack of asthma.Previous hospital admission

Yes 11 (22%) 39 (78%) The selection criteria were based on clinical
No 10 (7%) 125 (93%)

studies reporting that patients admitted to an
Continuous oral steroids intensive care unit with severe asthma, par-Yes 3 (20%) 12 (80%)

ticularly those with documented respiratoryNo 18 (11%) 152 (89%)

failure or requiring mechanical ventilation, areContinuous oral steroids and previous admission
Yes 3 (25%) 9 (75%) at considerable risk of a fatal outcome during
No 18 (10%) 155 (90%) that episode.26 One of the underlying premises

∗Control group selected from hospital admissions for asthma. of this study was that any drug which increases
the risk of death might also be expected to
increase the risk of a near-fatal attack. Support

year (7%); thus, salmeterol was prescribed for this view comes from the previous case-
about three times more frequently to the more control studies of similar design in which the
severe patients (defined by a recent hospital same pattern and degree of risk associated with
admission) than to those with less severe prescribed fenoterol were noted when a near-
asthma. A similar pattern was observed with fatal attack or death from asthma were used as
the other subgroups of chronic asthma severity the primary outcome measure.20 27–30 On the– for example, 20% of controls on continuous other hand, this study is not relevant to possibleoral corticosteroids were prescribed salmeterol mechanisms of death that do not involve ancompared with 11% of controls not prescribed

increased frequency of near-fatal attacks.continuous oral corticosteroids.
The problem of confounding by severityThe relative risks for b agonists by nebu-

needs to be considered due to the significantlisation and oral theophylline remained un-
differences in the severity of chronic asthmachanged or increased when subgroups were
noted between the cases and controls. Similardefined by markers of severity (table 4). For
differences were observed in a previous case-nebulised b agonist therapy the relative risk
control study of identical design27 in whichrose to 6.38 (95% CI 2.34 to 17.36) in patients
ICU admission with asthma was used as thewith a hospital admission during the previous
outcome under study. In both studies the casesyear; for oral theophylline the risk was 2.33
who were admitted to the ICU had more severe(95% CI 0.90 to 6.05) in this subgroup. In
chronic asthma than an otherwise matchedcontrast, the relative risks for inhaled and con-
control group who were admitted to hospitaltinuous oral corticosteroids (but not all oral
with asthma but did not require admission tocorticosteroids) decreased markedly when the
the ICU. Thus, asthmatic patients requiringfindings were adjusted for severity in this way.
ICU admission appear to represent a veryFor inhaled corticosteroids the relative risk fell
severe and problematic group of patients whoto 0.48 (95% CI 0.16 to 1.44).
are likely to be on more drugs, have more
frequent hospital admissions, and greater
psychosocial problems than those who requireDiscussion
uncomplicated hospital admission.18The findings of this case-control study provide

To determine whether the increased overalllittle support for the hypothesis that the use of
salmeterol increases the risk of a life threatening odds ratio associated with salmeterol and most

Table 4 Prescribed drug therapy and relative risk of near-fatal attack of asthma: findings in cases and controls with a
hospital admission with asthma in previous 12 months

Exposure Cases Controls Odds 95% CI p value
ratio

Yes No Yes No

b agonist MDI 23 5 43 7 0.75 0.21 to 2.64 0.65
Salbutamol 20 8 40 10 0.63 0.21 to 1.83 0.39
Fenoterol 1 27 0 50 – – 0.18
Salmeterol 8 20 11 39 1.42 0.49 to 4.10 0.52
Terbutaline 1 27 2 48 0.89 0.08 to 10.41 0.93

b agonist nebuliser 21 7 16 34 6.38 2.34 to 17.36 <0.001
Salbutamol 19 9 16 34 4.49 1.70 to 11.83 <0.01
Terbutaline 2 26 0 50 – – 0.06

Oral theophyllines 14 14 15 35 2.33 0.90 to 6.05 0.08
Sodium cromoglycate 3 25 0 50 – – 0.02
Inhaled corticosteroids 20 8 42 8 0.48 0.16 to 1.44 0.19
Oral corticosteroids 20 8 27 23 2.13 0.79 to 5.72 0.13

Continuous 11 17 12 38 2.05 0.76 to 5.55 0.16
Antimuscarinic MDI

Atrovent 4 24 4 46 1.92 0.44 to 8.27 0.38
Oxivent 2 26 2 48 1.85 0.25 to 13.69 0.55

Atrovent nebuliser 9 19 7 43 2.91 0.96 to 8.80 0.06
Methotrexate 1 27 2 48 0.89 0.08 to 10.41 0.93
Psychotropics 5 23 2 48 5.22 1.07 to 25.50 0.04
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12 Williams, Crossland, Finnerty, et al

studies which employed similar method-
ology20 27–29 the risk of death from asthma or
a near-fatal attack associated with fenoterol
increased when the analysis was restricted to the
subgroups with greater chronic asthma severity
(fig 1). For example, in the previous study of
near-fatal attacks the relative risk associated
with fenoterol increased from 2.0 to 2.6 in the
severe subgroup defined by patients with a
recent hospital admission. These contrasting
results indicate that the increased risk of death
or near-fatal asthma attack associated with fen-
oterol was not due to confounding by severity,
but was more marked in the most severe asth-
matic patients. This interpretation was con-
sistent with other evidence that fenoterol was
not preferentially prescribed to asthmatic
patients with more severe asthma.25

The administration of the b agonists sal-
butamol and terbutaline by nebuliser (but not
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metered dose inhaler) was associated with an
Figure 1 Comparison of salmeterol findings with those relating to fenoterol from the increased risk of a near-fatal attack, with the
similar New Zealand case-control studies of near-fatal asthma (NFA; NZ4)27 and deaths risk increasing further in the severity subgroupfrom asthma (NZ1,20 NZ2,28 and NZ329). For each study the left hand axis shows the

analysis. Consistent with the previous study ofoverall relative risk of death or NFA for those prescribed fenoterol/salmeterol; the right
hand axis represents the same analysis in the subgroup of those patients with a hospital near-fatal attacks,27 prescribed oral theo-
admission in the previous 12 months (the most valid marker of chronic asthma severity). phylline was associated with an increased risk,These contrasting patterns indicate that the increased risk of death or NFA associated

with only a modest reduction when the findingswith fenoterol was not due to confounding by severity but was, in fact, more marked in
the most severe patients; by contrast, the relative risk for salmeterol decreased when the were stratified on markers of chronic asthma
analysis was restricted to more severe asthmatics indicating that the increased risk of NFA severity. In contrast, the oral theophylline find-associated with salmeterol was largely due to confounding by severity.

ings from the previous studies of fatal asthma
have generally not shown an increased
risk.20 28–30 Thus, the findings for both oral theo-
phylline and b agonists by nebulisation haveother forms of drug therapy was due to con-

founding by severity, additional analyses were been inconsistent across the various case-
control studies and will require further in-undertaken, the most important being de-

termination of the direction and degree of the vestigation, particularly with respect to the way
in which these drugs are used in the longmodification of the relative risk when analysis

was restricted to the subgroups with the most term treatment and emergency management of
asthma.severe chronic asthma.25 For salmeterol the

relative risk decreased from 2.32 to 1.42 in the The other feature of this present study was
the trend towards a reduced risk of a near-fatalsevere subgroup defined by patients with a

recent hospital admission, indicating that the attack in association with inhaled corticosteroid
use in the severity subgroup analysis. Thisunadjusted findings were probably largely due

to confounding by severity – that is, the in- pattern was also observed in the later analyses
from the Saskatchewan study31 and is consistentcreased relative risk was due to patients with

more severe asthma (at greatest risk of a near- with the expected protective effect of inhaled
corticosteroids in long term asthma man-fatal attack) being preferentially prescribed sal-

meterol. However, this interpretation must be agement. This study also provides further evi-
dence that the presence of psychosocialtreated with some caution since there was a

lesser decline when other markers of chronic problems is associated with an increased risk
of hospital admissions for asthma,21 near-fatalasthma severity were used and because this

stratified analysis was based on small numbers attacks,32 and asthma deaths.29 33

Finally, it is necessary to consider the findingsof cases and controls.
Nevertheless, this interpretation is supported of this case-control study together with con-

trolled clinical studies which have investigatedby the analysis which demonstrated that a
greater proportion of patients within the sub- the long term safety and efficacy of salmeterol.

As discussed previously, the Serevent Nation-groups with more severe chronic asthma were
prescribed salmeterol. For example, amongst wide Surveillance Project identified that sal-

meterol did not increase the risk of severepatients admitted to hospital with asthma, those
with the most severe asthma (defined by either attacks of asthma leading to either hospital

admission or withdrawal from the study. Sim-a recent hospital admission, requirement for
continuous oral steroids, or three or more cat- ilarly, in more detailed controlled clinical trials

involving smaller numbers of patients, the reg-egories of asthma drugs) were prescribed sal-
meterol two to three times as often as those ular use of salmeterol did not increase (or

protect) against severe exacerbations of asthmawith less severe asthma.
It is interesting to contrast these findings when compared with salbutamol.6–10 As a result,

the clinical and epidemiological studies to datewith the similar case-control studies in-
vestigating the role of the b agonist fenoterol suggest that the long term use of salmeterol is

not associated with deteriorating asthma con-in the epidemic of asthma deaths in New Zea-
land. In all four New Zealand case-control trol, leading to severe attacks requiring ad-
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