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ABSTRACT: Exercise-induced asthma (or bronchoconstriction) afflicts millions of
people worldwide. While generally self-limiting, it can hinder performance and
reduce activity levels, thus it is an important condition to diagnose and treat. The
objective of this review was to assess the prophylactic effect of a single dose of
nedocromil sodium on exercise-induced asthma.

The Cochrane Airways Group trials register, the Cochrane Controlled Trials
Register, Current Contents, reference lists of relevant articles, review articles and
textbooks were searched for randomized trials comparing a single dose of nedocromil
to placebo to prevent exercise-induced asthma in people >6 yrs of age. Authors and the
drug manufacturer were contacted for additional trials. Trial quality assessments and
data extraction were conducted independently by two reviewers. Authors were
contacted when possible.

Twenty trials were included. All were rated as having good methodological quality.
Nedocromil inhibited bronchoconstriction in all age groups. The pooled weighted
mean difference for the maximum percentage fall in forced expiratory volume in one
second was 15.6%, (95% confidence interval (95% CI): 13.2-18.1) and for the peak
expiratory flow was 15.0% (95% CI: 8.3-21.6). These differences are both statistically
and clinically significant. After nedocromil the time to recover normal lung function
was <10 min compared to >30 min with placebo. Nedocromil had a greater effect on
people with a fall in lung function of >30% from baseline. There were no significant
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adverse effects reported with this short-term use.

In conclusion, Nedocromil taken before exercise appears to reduce the severity and
duration of exercise-induced bronchoconstriction. This effect appears to be more

pronounced as severity increases.
Eur Respir J 2000, 16: 30-37.

Exercise-induced asthma (EIA) is a transient increase in
airway resistance resulting from bronchoconstriction that
occurs following 6-8 min of strenuous exercise [1]. A
postexercise fall of =10% in either the forced expiratory
volume in one second (FEV1), or the peak expiratory flow
rate (PEFR) compared with pre-exercise baselines, is con-
sidered diagnostic [2, 3]. An episode of EIA is associated
with various symptoms e.g. cough, wheeze, shortness of
breath, chest tightness, even stomach pain and nausea. It
can result in limited endurance during, and prolonged
recovery time following, the exercise. Generally, the bron-
choconstriction peaks within 3—15 min post-exercise, then
spontaneously returns to pre-exercise levels within 20—-60
min [4].

The true prevalence of EIA is difficult to estimate. While
it may exist as a single entity, 60-90% of people with asth-
ma experience EIA and consider exercise a major trigger of
their asthma symptoms [1, 5]. Furthermore, it is not un-
common for asthmatics to be adequately managed and
enjoy normal lung function at rest, yet still suffer signifi-
cant EIA on vigorous exercise [6]. Besides asthmatics,
35-40% of those with allergic rhinitis [7] and 12—-15% of
the general population also suffer from the disorder [8].
EIA is the most common respiratory problem seen in
recreational and competitive sports (3—14%) but unfortu-
nately, is regularly under-diagnosed and untreated and
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thereby has the potential to severely limit the performance
of athletes [9, 10].

The severity of an EIA episode is related to the degree of
underlying bronchial reactivity [11]. Ambient air condi-
tions, antigens, air pollutants, or respiratory viruses can
all increase bronchial reactivity and exercising while ex-
posed to these stimuli can provoke a severe reaction and
even anaphylaxis [5, 12, 13]. Short-acting [3,-agonists,
effective in reversing the bronchoconstriction, may be
required when the FEV1 or PEFR decreases by 25-30%
[14]. A small subset of asthmatics experience a second,
less severe, late-phase reaction several hours after the
original activity [5, 12].

One goal of treatment is to prevent or at least attenuate
the EIA response so respiratory limitations do not restrict
activity choices and achievement levels. Traditionally,
short-acting [3,-agonist bronchodilating agents have been
the treatment of choice. However, with better understand-
ing of the primary role of inflammatory mediators and
inflammation in the pathophysiology of asthma, several
other drugs have been investigated for their potential to
protect against bronchoconstriction. Nedocromil sodium
(NCS) is a mast cell stabilizing agent introduced in the
1980s, reportedly effective on a single-use basis for inhibit-
ing bronchoconstriction due to antigens, fog, cold air, sul-
phur dioxide, and exercise [15, 16]. If effective and safe in



NCS IN PROPHYLACTIC TREATMENT OF EIA 31

EIA, these properties would make it an attractive thera-
peutic option for active people and one that may have the
added benefit of diminishing/attenuating the late-phase
reaction.

This meta-analysis examined the available randomized
controlled clinical trial evidence on the use of NCS to pre-
vent or attenuate EIA. To the authors’ knowledge, no pre-
vious systematic reviews on this topic area have been
published.

Methods

The protocol for this study was prepared prior to search-
ing for trials, and it was reviewed and approved by the
Editorial team of the Cochrane Airways Review Group
(ARG).

Inclusion criteria

Only randomized controlled trials were included in this
systematic review. Those trials comparing a single prophy-
lactic dose of NCS to a placebo in asthmatic individuals
(child =6 yrs or adult =18 yrs) with objective, reproduci-
ble evidence of EIA, were considered for inclusion. EIA
was defined as a fall in either the FEV1 or the PEFR of at
least 10%. If studies had more than one drug arm, only the
comparison of NCS to placebo was included. Studies using
nasal sprays were excluded.

Outcome measures

All patient outcomes were considered, however, the two
main outcomes of interest were the effect of treatment on
the maximum percentage decrease in pulmonary function
and on function over the first 30 min of recovery postexer-
cise.

The conventional method of quantifying the severity of
EIA is to calculate the per cent fall index, which is the
maximum reduction in lung function postexercise expres-
sed as a per cent of the pre-exercise value. In addition, it is
useful to establish the effect of drug therapy by determining
the degree of protection from airway obstruction offered by
the active drug compared to placebo (or other drug) [6].

The following formulae are used to determine these
indices:

Maximum % fall index (FEV1 or PEFR) =
imm pre value — min post value
pre value

%100, (1)

where imm=immediate; pre=pre-exercise; and post=pos-
texercise.

Per cent protection index =
max fall placebo (%) — max fall NCS (%)
max fall placebo (%)

x 100
(2)

A 12% change in FEV1 or PEFR is considered clinically
significant [17, 18]. If a drug provides a protection index
of =40-50% it is considered to be a clinically significant
improvement [6].

The primary outcome measures reported in this review
are: 1) the mean maximum per cent fall in FEV1 or PEFR,;
2) the mean per cent fall in FEV1 at varying time points
postexercise; and 3) the mean per cent protection afforded
by NCS compared to placebo.

Search strategy

Several search strategies were used to identify relevant
trials. The Cochrane Collaboration’'s ARG, has develop-
ed an "Asthma and Wheez* randomized controlled trial
(RCT) Register" from comprehensive searches of EM-
BASE, MEDLINE, and CINAHL from 1966-1999 for
controlled clinical trails [19]. The register is regularly up-
dated using a systematic strategy for identifying RCTs
employing the following terms: placebo* OR trial* OR
random* OR double-blind OR double blind OR single-
blind OR single blind OR controlled study OR compara-
tive study. This register has been supplemented with hand
searches for additional RCTs from 20 journals in which
respiratory care articles are commonly found. There are
no language restrictions in this register nor were any
placed on the search for the present review.

An electronic search of the ARG register was performed
using the following terms: asthma OR Wheez* AND
exercise* OR exertion®* AND NCS* OR Tilade. Searches
of the Cochrane Controlled Trials Register and Current
Contents, plus hand searches of the bibliography lists of
included studies, pertinent review articles and textbooks
were performed. The manufacturer of NCS (Rhone-Pou-
lenc Rorer, St-Laurent, Quebec, Canada) and the authors of
included studies were asked to identify additional publis-
hed, unpublished or "in-progress" studies that might have
potential relevance.

Study selection. One reviewer, who excluded citations that
were clearly irrelevant, screened the initial searches. The
second screening, conducted by two independent reviewers
using abstracts, titles and keywords, identified potentially
relevant trial reports requiring full text review. Foreign
articles were translated when necessary. Two reviewers
then independently selected trials for inclusion using de-
fined eligibility criteria. A priori, this review was designed
to include unpublished data that met the inclusion criteria,
but to exclude data available only in abstract form. Review-
ers were not blinded to authors, journal, results, or conclu-
sions of the individual papers. Agreement was measured at
each level of screening using kappa statistics and any dis-
agreements were resolved by discussion.

Methodological quality assessment and data extraction

Independent reviewers subjected the included trials to
two quality assessments. Firstly, to a scale that assesses
allocation concealment (Grade A: adequate concealment,
Grade B: uncertain, Grade C: clearly inadequate) [20] and
second, to a five point scale described by Japap et al. [21]
that evaluates the quality of randomization, blinding and
reasons for withdrawal (0 = worst, 5 = best).

Using standardized forms, two reviewers independently
extracted data. Numeric calculations and graphic extra-
polations were also confirmed by a second independent
reviewer. The reviewers attempted to contact at least one
author from each included trial (via Internet "people
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searches", searches of library databases for the most recent
address of that author, contact with other reviewers in the
ARG) to confirm data extraction or to supply additional
information about the primary research.

Statistical considerations. All included studies were small
crossover trials (sample size (n) 8-24) that reported aggre-
gate end of trial results using paired data. In this meta-ana-
lysis, the treatment and placebo group data were analysed
as though from parallel group studies. This approach would
be expected to yield a more conservative pooled estimate of
treatment effect [22, 23].

The data were analysed using Review Manager 3.0.1
(RevMan; Update Software, Oxford, UK). Pulmonary
function measures (FEV1 and PEFR) are continuous out-
comes, consequently the individual study and pooled stat-
istics are reported as a weighted mean difference (WMD)
between the treatment effect of drug and placebo with 95%
confidence intervals (95% CI). The weights given to each
study are based on the inverse of the variance [20, 24].
Heterogeneity among pooled estimates was tested with
Chi-squared statistics using an alpha of 0.10. Sensitivity
and subgroup analyses were performed to identify sources
of heterogeneity when indicated. A random effects model
was used throughout.

When the sp for the mean change in lung function for
each treatment group was not reported, an estimate was
inputed. The estimate was based on the weighted average
(using sample size) of the sps from other included studies
for that category (i.e. adults, children, FEV1, PEFR) using
the formula [25]:

Pooled sp=/(n; — 1)var; + (n, — 1)var,
+...+ (nk2 — 1)vark ()
>n-k

where n=sample size, var=the variance of the study group
in study i, k=the number of studies with the variance
provided.

A sensitivity analysis was performed to check the effect
of inputation. Since no difference was identified, the inpu-
tation was maintained throughout the analysis.

A priori subgroup analyses were planned based on six
factors that could potentially influence the magnitude of
treatment response: 1) age (6—17 yrs were considered chil-
dren, =18 yrs adults); 2) sex; 3) severity of EIA (a mean
maximum per cent fall in pulmonary function after placebo
of <30% was considered mild EIA, of =30% was consid-
ered moderate/severe EIA) [14]; 4) dose of NCS given
(=2 mg, 4 mg, =6 mg); 5) delivery system (nebulized,
metered dose inhaler (MDI), MDI with spacer); and 6)
timing of pretreatment (<30 min, =30 min).

Time course analysis

Thirteen publications [26—38] included graphs that
compared lung function post-treatment at various times
up to 120 min postexercise. Unfortunately, the absolute
values and sps to accompany the graphs were not rep-
orted. To extract this valuable data, the graphs were en-
larged and two reviewers visually estimated the mean per
cent fall FEV1 values for the two groups at each time
point. Where estimates between reviewers differed, the

average of the two was used. The mean and sp for each
time point was then calculated. The Mann-Whitney U-test
was used to assess the significance of the differences at
each time point using an alpha of 0.05.

Results
Search

Fifty-one trials, including two German, one Spanish and
one Italian, were screened for potential inclusion. A total of
20 published [26—45] and one unpublished study [46] met
the inclusion criteria however, none were foreign lang-
uage trials. SincLaR and WINFIELD [37] did not report
mean maximum per cent fall indices but did report data
that were included in the time course results. Reasons for
exclusion included "participants had mixed or uncertain
diagnoses" (n=1), "selection of known responders" (n=2),
"nonrandom allocation" (n=2) "abstract publication only"
(n=1), "active drug comparisons" (n=2), "not selected
outcomes" (n=2), "not primary research" (n=19).

In total, 20 studies are included in the meta-analysis and
13 studies in the time-course analysis. Nine of the 15
(60%) primary authors were successfully contacted. Where
appropriate, authors confirmed that subjects participated in
only one trial. Any duplicate data were included only once
in the analyses.

Methodological quality

All trials included were rated as being of good to high
quality using either the CocHRANE [20] or JADAD ef al. [21]
criteria. (table 1). All studies were randomized double-
blind, and either described drop-outs or had none. Three
studies were rated as having "adequate" concealment of
allocation [28, 40, 45] all others rated an "unclear" status.
(kappa = 0.88). Using the five-point validity scale of
JapaD et al. [21], two studies were rated five (strong),
nine were rated four (very good), and 10 were rated three
(good) (table 1). Agreement on quality scoring was good
(kappa = 0.67).

Description of studies

The analysis includes data on 280 participants: (64%/
36% male/female); 58% were children aged 617 yrs, 42%
were adults aged 18-59 yrs. No females who were either
pregnant or possibly pregnant were included in any stud-
ies. Two studies selected only nonsmokers, otherwise smo-
king history was not clear. All subjects were described as
being "stable asthmatics" at the time of challenge testing.
Tobaro [38] studied Olympic level athletes, none of the
remaining trialists addressed level of physical condition-
ing.

The studies compared NCS to placebo and in some
cases to one other agent (sodium cromoglycate (SCG) n=8
[29, 31, 32, 37, 41-44], furosemide n=1 [33], minocromil
n=1 [35]). Concurrent therapy included a variety of
common anti-asthma agents but most medications were
discontinued for periods of 6 h to 1 week prior to each
challenge to effect a washout and to limit confounding
influences.



Table 1. — Characteristics of included studies

Jadad Time Index for Drug dose
Quality between diagnosis compared to Delivery Pre-exercise  Sample Age Sex PFT
Author [Ref] score  Country challenges % fall placebo system therapy min size yrs M/F reported
BONER [26] 4 Italy 4 days 15% 4 mg NCS MDI, MDI 15 13 10 (7.5-13) 9/4 FEV1
+AA spacer
BonER [27] 4 Ttaly 2 days 15% 4 mg NCS MDI 30 20 11.3 (7.5-15) 15/5 FEV1, PEFR,
FVC, FEF25-75
BUNDEGAARD [39]" 3 Denmark 2 wks 20% 2 mg NCS 4 mg NCS MDI 30 14 31 (21-49) 6/8 PEFR
CHubry [40]"* 5 UK 2 days in 1 wk 20% 4 mg NCS MDI 30, 150, 270 12 13.9 (8-15) 9/3 FEV1
MDI &
Cowms [41]" 3 Italy daily 15% 4 mg NCS, 10 mg SCG  MDI+spacer 30 12 11 (6.5-13.5) 7/5 FEV1
DeBENEDICTUS [29]" 3 Italy separate days 15% 4 mg NCS, 10 mg SCG MDI 20 17 10.2 (7-15) 11/6 FEV1
DeBenepIcTUS [42]F 3 Italy separate days 15% 4 mg NCS, 10 mg SCG  MDlI+spacer 20 8 8.7 (7-11) 5/3 FEV1
DeBEenepIcTUS [43]" 3 Italy separate days 15% 4 mg NCS, 10 mg SCG MDI 20 & 140 13 10 (7-15) 9/4 FEV1
DeBELIC [28] 3 Germany  separate days 20% 4 mg NCS MDI 30 12 16.9 (14-19) 7/5 FEV1
HenNRrIKSEN [30] 4 Denmark 1 wk 20% 4 mg NCS MDI 30 12 10.8 (7-14) 10/2 FEV1 PEFR
Konig [44]"* 3 USA separate days 20% 4 mg NCS, 20 mg SCG MDI 20, 120, 240 12 27.3 (21-38) 12/0 FEV1
MIHALYKA [46] 3 Australia  separate days 20% 4 mg NCS MDI 15 14 NR(15-45) NR/NR PEFR
Morton [317° 4 Australia  separate days 15% 8 mg NCS 4 mg SCG MDI 15 16 20 (13-30) 10/6 FEV1
NoOVEMBRE [32] 3 Italy separate days 15% 4 mg NCS 10 mg SCG ~ MDlI+spacer 20 min 19 NR (6-15) 13/6 FEV1, PEFR,
FEF25-75%
Novemsre [33]" 3 Italy separate days 15% 4 mg NCS 30 mg MDI+spacer 20 min 24 NR (6-16) 16/6 FEV1, PEFR,
furosemide via nebulizer FEF25-75%
OsEID [34] 4 Norway  separate days 20% 4 mg NCS MDI 30 min 9 31.1 (16-50) 6 FEV1, FVC,
FEF25-75%
RoBERTS [35]° 4 UK separate days 20% 2 & 4 mg NCS 4 mg MDI 30 min 9 31.1 (16-50) 6 FEV1
minocromil
Suaw [36] 4 UK 1 wk 20% 2 mg NCS MDI 20 min 8 NR (17-47) 8 FEV1, FVC
SINCLAR [37]" 5 UK separate days 15% 4 mg NCS 10 mg SCG MDI 30 min 20 20.7 (17-28) 18 FEV1
Toparo [38] 3 Italy separate days 15% 4 mg NCS MDI 20 min 13 25 (19-31) 11 FEV1
VILSVIK [45]§ 4 Norway  separate days 20% 1 mg, 4 mg, & 8 mg NCS MDI 60 min 12 29 (20-45) 9 PEFR

VId 40 INFINLVAIL DILOVTAHdOYUd NI SON

*: mean (range); " 3-arm study; *: duration study; *: 4-arm study. PFT: pulmonary function test; NCS: nedocromil sodium; MDI: metered dose inhaler; AA spacer: Auty-Altounyan spacer
device; FEV1: forced expiratory volume in one second; PEFR: peak expiratory flow rate; FVC: forced vital capacity; FEF25-75: forced mid-expiratory flow; SCG: sodium cromoglycate; NR:
not reported.

€€
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No data on symptom scores, performance measures,
patient preference, or physiological measures were rep-
orted; consequently, pooled analyses were not possible.
Twelve of 20 studies (60%) commented on adverse effects.
Seven of these (58%) stated that no adverse effects were
noticed in the time period that participants were observed.
Five studies mentioned minor side effects that included a
bad taste, throat irritation, and cough. One study reported a
mean increase in heart rate after NCS; however, the dif-
ference was not clinically significant (4 beats-min™).
Higher doses of NCS did not appear to increase the side
effect profile.

Pulmonary function results. All trials reported comparable
outcome data that originated from populations and
interventions that were similar in nature; consequently,
the reviewers felt it was appropriate to combine the results
for a quantitative pooled estimate of treatment effect.
Following NCS therapy, there was significant attenua-
tion of the mean maximum per cent fall FEV1 and PEFR
postexercise when compared to placebo therapy. The effect
size did not differ significantly in further subgroup analysis
based on age, dose, delivery system, or timing of pretreat-
ment. Seventeen trials reporting changes in FEV1 were
pooled (fig. 1). The mean maximum per cent fall FEV1 for
placebo =31.9% (95% CI: 28.1-35.8), for NCS = 15.6%
(95% CI: 13.4-17.8). The WMD between the two =
15.6% (95% CI: 13.2—18.1). The Chi-squared test for het-
erogeneity was nonsignificant for this pooled result (Chi-
squared = 17.57, degrees of freedom (df) = 16, p>0.25).
Seven trials reporting changes in PEFR were also
pooled (fig. 2). The positive effect on the mean maximum
per cent fall PEFR was of a similar magnitude. The mean
maximum per cent fall PEFR for placebo = 30.3% (95%
CI: 21.0-39.6), for NCS = 14.5% (95% CI: 11.3-17.7).
WMD = 15.0% (95% CI: 8.3-21.6). Significant hetero-
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Fig. 1. — The weighted mean difference (WMD, ¢) in the maximum per
cent fall in forced expiratory volume in one second (FEV1) between
treatment with nedocromil (N) and placebo (P). The horizontal bars
represent the 95% confidence interval. Values either side of 0% favour
either N or P, as shown. PE: pooled estimate.
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Fig. 2. — The weighted mean difference (WMD, ¢) in the maximum per
cent fall in peak expiratory flow rate (PEFR) between treatment with
nedocromil (N) and placebo (P). The horizontal bars represent the 95%
confidence interval. Values either side of 0% favour either N or P, as
shown. PE: pooled estimate.

geneity in this pooled result was demonstrated (Chi-squa-
red =20.28, df = 6, p<0.001). Neither subgroup compari-
sons based on the age, dose, delivery system, or timing
explained the heterogeneity, nor sensitivity analysis based
on study quality (JADAD et al. [21] score =3 versus scores
=4), imputed standard deviations (n=2), random versus
fixed effects models or publication status.

Exercise-induced asthma severity subgroup

Heterogeneity was clinically and statistically insignifi-
cant when studies were dichotomized into mild versus
moderate/severe EIA groups (fig. 3). This analysis indi-
cated that NCS inhibited the mean maximum per cent fall
PEFR in subjects with moderate/severe EIA, to a signifi-
cantly greater degree than in subjects with mild EIA:
WMD = 25.1% (95% CI: 18.7-31.1) compared to WMD
= 8.3% (95% CI: 4.1-12.5) respectively. Similar results
were demonstrated for mean maximum per cent fall
FEV1, WMD =21.4% (95% CI: 17.2-25.5) for moderate/
severe EIA compared to WMD = 12.8% (95% CI: 10.0—
15.7) for mild EIA (fig. 4).

BoNER [27]
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thite

Study

BUNDGAARD [39]
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Severe EIA
+tty

s Y [

-100 -50
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WMD %

Fig. 3. — The weighted mean difference (WMD, ¢) in the maximum per
cent fall peak expiratory flow rate (PEFR) between nedocromil (N) and
placebo (P) by severity of exercise-induced asthma (EIA). The hori-
zontal bars represent the 95% confidence interval. Values either side of
0% favour either N or P, as shown.
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Fig. 4. — The weighted mean difference (WMD, ¢) in the maximum per
cent fall in forced expiratory volume in one second (FEV1) between
nedocromil (N) and placebo (P) by severity of exercise-induced asthma
(EIA). The horizontal bars represent the 95% confidence interval. Values
either side of 0% favour either N or P, as shown.

The protection index

On average, NCS provided a clinically significant pro-
tection index of 51% (95% CI: 49-52) against a decrease
in FEV1 (range 30-70%) corroborated by a protection
index 0f49% (95% CI: 47-51) against a decrease in PEFR
(range 33-66%).

Dosage sensitivity analyses

Although no definite trend was noted when comparing
low, moderate or high doses of NCS, note that few trials
investigated a low (=2 mg, n=3) or a high (>4 mg, n=1)
dose and this prevented any meaningful analyses for a
dose-response effect. The recommended clinical dose of 4
mg was used in 16/20 studies.

Duration of effect. Three trials [40, 43, 44] recorded the
mean maximum per cent fall FEV1 on 2 or 3 repeated
challenges to evaluate NCS for its duration of effect (fig. 5).
No significant benefit of NCS over placebo was demon-
strated beyond the first challenge. WMD = 5.9% (95% CI:
1.0-12.9; n=3), and WMD = 5.7% (95% CI: 2.8-14.2;
n=2) at 2-2.5 h and 4-4.5 h respectively.

Time course analysis. In the 13 studies that reported the
mean per cent fall in FEV1 at seven time points during the
immediate postexercise period following both therapies,
statistically significant improvements in FEV1 measures
favouring NCS were noted at all times up to 30 min
postexercise (p<0.001) (fig. 6). The return to normal lung
function (i.e. <10% change from baseline) occurred with-
in 10 min postexercise using NCS compared to 30 min
using placebo.

E % CHuNDRY [40] N —’—E P
E @ DeBeneDICTIS [43] _‘._
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Fig. 5. — The weighted mean difference (WMD, ¢) in the maximum per
cent fall in forced expiratory volume in one second (FEV1) between
nedocromil (N) and placebo (P): duration. The horizontal bars represent
the 95% confidence interval. Values either side of 0% favour either N or
P, as shown.

Discussion

This large systematic review is the first of its kind to
examine the efficacy of NCS in preventing the bronch-
oconstriction typically observed in EIA. The results of this
review clearly document the benefit of NCS in attenuating
the maximum per cent fall in pulmonary function, blunting
the entire EIA response, and identifying a more rapid re-
turn to baseline lung function. This effect is consistent
across a wide variety of studies regardless of the subgroup
and sensitivity comparisons performed. Furthermore, this
attenuation is both statistically and clinically important.

There does not appear to be a dose response curve
associated with NCS delivery, however, there were insuf-
ficient data for a meaningful comparison. The degree of
protection is most impressive in those patients with more
severe EIA. The drug appears to be well tolerated, is sim-
ple to use, and may be delivered by MDI with or without a
spacer device.

Clearly, the statistically and clinically important effects
of NCS indicate that it should be considered for use in EIA.
While other agents are available to treat the disorder, the
relative merits of one drug compared to another are not
well established. From a clinical perspective, NCS was
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Fig. 6. — Treatment effect of nedocromil and placebo on the time-course
of exercise-induced asthma. Data are mean maximum fall in forced
expiratory volume in one second (FEV1) and 95% confidence interval.
M placebo; ¢: nedocromil.
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well tolerated and adverse effects were minor, therefore, it
may be useful for patients who dislike the autonomic side-
effects of P,-agonists or the adverse effects of other
choices. It may also have a role in combination therapy for
people who experience EIA symptoms despite premedica-
tion with another drug [47].

There are a variety of issues that must be addressed to
produce a valid systematic review or meta-analysis. Most
importantly, systemic reviews must address the issues of
study publication and selection bias. This review employed
comprehensive search strategies that identified published,
unpublished, and foreign language literature, in addition to
employing an unbiased selection process to decide on in-
clusion. There remains the possibility of publication bias
due to having missed retrieving unpublished negative
trials. If this is the case, the pooled effect of NCS therapy
may be overestimated.

Comparisons in trial design, populations, interventions
studied, and methods of outcome reporting are also impor-
tant issues in systemic review methodology. In this review,
only randomized controlled trials were included, ensuring
the highest level of evidence was incorporated. Studies
were pooled only after similarities in populations, inter-
ventions and outcomes were determined, and pooling was
accomplished using accepted mathematical approaches.

Despite the methodological care taken, some limitations
to generalizability remain. To assess the efficacy of NCS it
was necessary for the exercise challenges to take place in
laboratories with controlled environments. To assess the
effectiveness of the drug under normal conditions, the drug
needs to be evaluated by asthmatics during regular exercise
where environmental conditions have greater variability.

To control for variations in baseline severity of EIA on
the magnitude of drug effect, the reviewers selected the
mean maximum per cent fall index on the placebo chal-
lenge for comparison. This was the only subgroup analysis
that demonstrated a significant difference in effect size. In
planning a new primary study, stratifying by this variable
may reveal additional information on who could best ben-
efit from pretreatment with NCS. Studying an increasing
dose-effect in nonresponders and known responders could
also reveal important information.

All studies in this review used the crossover design.
Future studies using the crossover method must concen-
trate on complete reporting of results by period and seq-
uence to assure that readers’ concerns over "carry-over"
and "period effects" have been addressed. The reviewers
believed the potential for a carry-over effect to be negli-
gible for two reasons. Firstly, NCS is a short acting agent
(half-life 1.5-2 h) with topical effects. While the drug is
well absorbed from the lung, it does not accumulate sys-
temically, has no known systemic effects, is rapidly cleared
from the body, and has few side-effects [15, 16, 48]. Sec-
ondly, the exercise challenges were conducted on separate
days, thus the trialists adhered to the recommended wash-
out time of 5—10 times the half-life of a drug [49, 50] in the
unlikely event of systemic effects. Had there been a
period effect in every study, there is no reason to believe
that a systematic bias favours any one challenge period.
The large number of studies included should ensure an
equal distribution of period effects if they exist. By aver-
aging the estimates, any effect would disappear leaving
an unbiased estimate of the treatment contrast [51].

Finally, data on symptom scores, exercise performance,
or subject satisfaction were not included in the studies. The
patient’s own assessment of NCS is clearly an important
consideration in choosing one treatment over another.

In conclusion, this review of 20 randomized trials with
280 adults and children across eight countries over 10 yrs,
supports the single dose use of nedocromil as an effective
pharmaceutical option for the management of exercise-
induced asthma. When nedocromil was taken within an
hour of an intense, prolonged exercise challenge, the sever-
ity of bronchoconstriction, measured by the change in for-
ced expiratory volume in one second or peak expiratory
flow rate, was significantly reduced. There was evidence to
indicate that the exercise-induced asthma response was
blunted over the entire immediate postexercise period and
that, on average, people returned to normal lung function
within 10 min of completing the exercise challenge. Con-
sidering the methodological rigour, consistency of findings
over subgroup and sensitivity analyses, the reviewers feel
that the results of this review are valid. Moreover, they
should be generalizable to a broad range of patients with
exercise-induced asthma.
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