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Theophylline in Acute Childhood Asthma:
A Meta-Analysis of Its Efficacy

David C. Goodman, mp, ms,"?? Benjamin Littenberg, mp,* Gerald T. O’Connor, php, psc,2** and

John G. Brooks, mp'

Summary. Although theophylline is a widely used drug for the treatment of acute childhood
asthma, its efficacy has not been clearly established. This study constitutes a meta-analysis of
published randomized clinical trials of theophyliine in children hospitalized with acute asthma.
We conducted a search of English language MEDLINE citations from 1966 to 1995 and analyzed
the methods of each report meeting study criteria. We pooled similar clinical measures across
studies if a test for homogeneity of effect size was non-significant. The six methodologically
acceptable randomized clinical trials included a total of 164 children less than 18 years of age.
Incomplete reporting of measures and variances was common. No study included children in
intensive care settings. Using pooled results, pulmonary function parameters [forced expired
volume in 1 second (FEV,), forced expired flow (FEF)] appeared better at 24 hours in the
theophylline group, but the results did not reach statistical significance (mean effect difference,
+3.9% predicted values; pooled effect size, +1.6 SDS; P = 0.25). A mean of 2.1 more albuterol
treatments were administered in the theophylline group (pooled effect size, —0.18 SDS;
P = 0.02), and the mean hospital stay was slightly longer (mean effect difference, —0.31 days;
pooled effect size, —0.18 SDS; P = 0.03). We conclude that currently available data do not
indicate a significant beneficial effect of theophylline in children hospitalized with acute asthma.
There is evidence for weak detrimental effects. Theophylline efficacy in intensive care unit

settings remains unstudied. Pediatr Pulmonol. 1996; 21:211-218.
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INTRODUCTION

Theophylline is a methylxanthine bronchodilator
widely used for the treatment of acute and chronic asthma
in children. In 1991, the National Heart, Lung, and Blood
Institute issued guidelines that recommended theophyl-
line as part of the pharmacologic management of children
hospitalized with acute asthma.! Other authors have also
suggested its use at the time of admission or when a
child with asthma faces impending respiratory failure.?”’
Despite these recommendations, there are few random-
ized clinical studies evaluating theophylline efficacy in
children. A 1988 meta-analysis of 13 clinical trials failed
to “support or reject” the use of theophylline in severe
asthma exacerbations,® although only one of the trials
reviewed included children.’ While four recent trials have
failed to demonstrate the efficacy of theophylline for
acute asthma,'®" the small sample sizes limit the power
of these studies to detect drug effects.” Clear evidence of
therapeutic efficacy in children is particularly important
given the risk of theophylline toxicity.*!>"7

The purpose of this paper is to review systematically
the published randomized clinical trials of theophylline
efficacy in children hospitalized with acute asthma. Meta-
analysis® is used for pooling results across studies when
appropriate. This statistical method greatly increases the
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power to detect treatment effects, particularly if null ef-
fects were observed in the individual studies because
of inadequate sample size. Essential elements are also
proposed in the design and reporting of future clinical
trials to strengthen the inferential power.

MATERIALS AND METHODS

We considered the efficacy of theophylline to pertain
only to its effects in the context of standard therapy for
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asthma, including other bronchodilators and steroids.
While theophylline may be beneficial as a sole agent
compared with a placebo, we did not address this possibil-
ity since it would have no relevance for clinicians cur-
rently treating acute asthma.

Literature Review and Abstraction

We searched the MEDLINE on-line database for the
period 1966 through May 1994 to find all English lan-
guage articles indexed for the subjects theophylline and
asthma. The following search language was used:

(aminophylline (mh) or theophylline (mh)) and
(asthma (mh) or bronchial spasm (mh)) and not for-
eign (la)

This search found 1,854 citations. As a test of the
sensitivity of the search strategy, we compared the cita-
tions with Littenberg’s® list of studies used in his 1988
meta-analysis of aminophylline. All the citations used in
Littenberg’s analysis were found by our MEDLINE
search strategy without searching additional biblio-
graphies.

Articles were excluded for the following reasons: 1)
the article was not a randomized clinical trial of theophyl-
line or aminophylline with a concurrent control group;
2) the subjects did not have acute asthma requiring admis-
sion to the hospital; or 3) the results were not reported
separately for subjects less than age 18 years. We also
reviewed the citations within each eligible article but
did not find any additional eligible studies. Five studies
initially met the criteria for inclusion in these analyses.
The search was updated in February 1995 and an addi-
tional clinical trial was found.” Although our exclusion
criteria limited the analyses to children with hospitalized
acute asthma, we did not find additional randomized clini-
cal trials of acute asthma in other clinical settings, such
as emergency departments.

All data pertaining to the studies’ methods were ab-
stracted by the primary author (D.C.G.). In two studies,””
the authors provided only a graphical representation of
the results, so the numerical values of the outcome mea-
sures were determined from the figures. Since this was
a review of efficacy, we did not analyze the data on
adverse effects.

Analysis

For each reported outcome we determined the effect
difference (the difference between the mean or median
value for the theophylline and the control groups) and
the percent effect difference (the percent difference be-
tween the mean or median value for the theophylline and
the control groups). An effect was assigned a positive
value if the theophylline group benefited. We also calcu-

lated a measure of the difference between the groups
standardized by the variance, termed the effect size. The
effect size is equal to the effect difference divided by the
standard deviation.!® The use of effect sizes allows for
comparisons across different studies when units of mea-
surement vary. We tested for the homogeneity of effect
sizes with a x? test and if significant heterogeneity
(P > 0.05) was not present, calculated pooled effect size
using the methods described by Light and Pillemer."
Weighted coefficients of variation (CV = standard devia-
tion/mean) were calculated for the total sample by
weighting CV in each treatment group by group sam-
ple size.

RESULTS

The six published clinical trials evaluating theophylline
for the treatment of children hospitalized with acute
asthma included a total of 164 subjects ranging in age
from 1.5 to 18 years.">!* The methods for each study are
summarized in Table 1. All the studies randomly allocated
patients to treatment or comparison groups with double
blinding. Patients in the treatment groups received either
an intravenous (IV) theophylline or aminophylline bolus
followed by continuous infusion. In five studies the con-
trol groups received [V saline or dextrose solution®!3
and in one study they received IV albuterol.” All patients
received IV corticosteroids with a methylprednisolone
dose-equivalence ranging from 2.2 to 8.3 mg/kg in the
first 24 hours. In five of the six studies, serum theophyl-
line levels were monitored.>"® Sample size calculations
were presented in only two studies.'®"

Individual Reports

The first clinical trial of theophylline for children with
acute asthma is also the only trial that shows a statistically
significant effect favoring theophylline (P < 0.05).° In
1971, Pierson et al.’ randomly allocated 23 children with
acute asthma who had failed to respond to three doses
of subcutaneous epinephrine to receive either IV amino-
phylline or saline. Both groups were treated with nebu-
lized isoproterenol and phenylephrine, in addition to IV
corticosteroids, fluids, and antibiotics. At 24 hours, the
effect difference of the forced expired volume in 1 second
(FEV,) was +15.7% (units are percent of predicted val-
ues) and 10.9% for the forced vital capacity (FVC) (Table
2). The low variances in Pierson et al.’s? data are reflected
in the large effect sizes of +3.6 SD for FEV, and +2.1
SD for FVC. The clinical score (“Pulmonary Index”) was
not reported beyond “improvement” in the aminophyl-
line-treated group.

In 1979, Hambleton and Stone!? compared 1V amino-
phylline to very-low-dose 1V albuterol (4 pg/kg bolus,
then 0.6 pg/kg/hr) in 18 children; both groups received



"APTIS WOI UMBIPUIAM J19M OyM s109[gns sopnpoxy,
‘pazI{ngau “[OqaN ‘snoaueindqns ‘gs ‘wioos Aouadows Py ‘pauodal jou YN ‘dnoid uostredwiod 10 USIRIN O UOHRIO[[R WOPURI PIPUI[G-I[qnOpP Pasn soIpmis 1y,

umerpyiim sjusned saryy,
ares
QATSUO)UT PApaAM JT

SPIOI2)S0OII0d AT
(uerorsAyd Suneon

SPIOIRISOONIOd AT
(ueporsAyd Suneon

sasop

10 ‘3SBISIP JRIPIED JO xad Kouanbaiy) 1od Kouonbaig UOTSIOAP € X [ox3Inge
souasaxd ‘curfAydoay) jo19Ingre ‘(MgaN [o12ngye TngaN o3reyosip PoZINGau YIIm
Sunye) j1 papnpoxy 0gaoeld ourpiAydoure Af Bun jusunean ¥y porred [4% (8) 81-C S661 ¢ T8 10 UBWIA[PIN
SPIOI)SOOTIOD AT SPIOIOISOOTIOD AJ
9IBD JAISUIUL (uerorsAyd Sunean (ueroisAyd Junean sasop
PapadU J1 10 ‘9SBISIp 12d Ad>uanbary) 1od Aduonbary) ¢ X [oImqe
JUOIYO BUILISB-UOU [o13INg[E [NGON joIsIqe ‘[nqoN a3reyosip PaZINgau YIIm
pey 1usned J1 papn|oxy 0QaoEld auiiAydourure AY mun jusunean yyq pajied I (1D 81-¢ Y661 o,"I€ 19 ssneng
umeIpyum syuaned o,y
1d4d
uuograd 0) ojqeun Io SPIOIOISOIUOD A SPIOIAISOOILOD A
‘SSauj[I SIUORPO ‘dInjrej ('AFA 10d) (AT 10d) $asop
‘nidso1 Surpuodurr y g-utur gz b yourugg b € X [o19Inqe
‘8H ww 0§ = ‘0DRd [o1emqre [aqaN [o1eingre “MQaN PazI[ngau {PIm
10} papnpoxy 0qaoeld surpiAydourue AT 9€ jusunean yy pa[teq 1T @D 81-¢ €661 ;"8 10 14D
umeIpyim syuoned aarg SPIOISISOONIOD AT SPIOISISOOTHOD Al
ares aAIsuaur paxmbail (uerorsAyd Suneon (ueioisAyd Junean sasop
wwoned y1 papnpoxy »d)yty—gb pd)yyzh € X Tormngqye
Ao [orng[e [NgoN [o13Inge ‘[nGON 93reyosip PaZINGau PIM
SUOISSILIPE Wd T[NV 8 0qaoeld auliAydooy Af 1mu} usunean ¥ pafred 6T ) 81—¢ €661 ;;"'T8 19 OHINIDIT
Spunoid
paisy [estur> uo
10u sdnoi1d uosiredwos juouneay) [edsoy
pue jusunean SPIOISISOONIND AT SPIOISOOIIOD AT aarsuajul armboar
ur s103(qus jo sequiny [oJamqre AT sufjAydourure A1 ¥Z 0} [[t Apueloyjus * " -, 81 QIN) £=€'T 6L61 "8 19 UOKqUIEH
fouaisjordost jouarajoxdost
sdnoid pue suupydo pue suuagds
usamieq Area Apmis -1Auayd "nqaN -1Auayd "[ngsN
03 Joud suonesIpapy sopoIguue AJ sonoquue A1 $3s0p ¢ X OS
payroads SPIOISISOONIOD AT SPIOIRISOOTOY AT surydourds yim
1ou asop amfAydourury 0qooe|d suriAydouruse A1 ¥T JuauIEal) YA pared €7 @D L1-§ T1L61 ¢"Te 19 uosIalg
SHUDWWO)) dnox3 dnoxg () BLIOILID ANug Q718 (ueour) Apmg
uosteduwo)) JUDUIIBL], uoneInp ojdures 15wy 98y
Apmg e0],

(BWIYISY SINJY YUM PazijendsoH uaipiiyg ui suijjAydoay] jo s[eliL [e9]Ul[D Ul SPOYISN JO SoNsLIaloRIBY) PaloejasS—| 318VL



214 Goodman et al.

TABLE 2—Measured Outcomes in Clinical Trials of Theophylline in Children With Acute Asthma'

Theophylline  Comparison Effect
Time group group Effect size?
Study (hr) (SD) (SD) difference’ (SD units) Comment
Pierson et al.’ (n = 23)
FEV, (% of predicted)* 24 771 (*x39) 61.4(*49) +15.7 +3.6
FVC (% of predicted)* 24 75.9 (£5.3) 65 (*5.3) +10.9 +2.1
Clinical index NR NR NR — — “. .. improvement ...”
Pa0, NR NR NR — — “Too few had serial PaO, to
make the data
statistically valid”
Hambleton et al.” (n = 18)
Clinical scores* 24 15.5 (NR) 15.5 (NR) 0 0
Respiratory rate (per min)* 24 33 (NR) 33 (NR) 0 0
Pulse rate (per min)* 24 112 (NR) 125 (NR) +13 —
DiGiulio et al.'! (n = 29)
Hours to achieve clinical score of 2 — 304 (£16.8) 27.0(%x10.3) —-33 =02
Number of albuterol treatments Discharge 8.4 (£6.1) 74 (*5.1) -1.0 -0.2
Hours of supplemental O, — 27.6 (NR) 27.6 (NR) 0 0 15 subjects required Oy;
data collected on 9
Change in clinical score 24 3.6 (£1.9) 3.7 (x24) +0.1 +0.1
Carter et al.”? (n = 21)
FEV, (% of predicted)* 24 64 (£22%) 54 (x12%) +10 +0.6
Rate of improvement of FEV, — NR NR — — “. .. no significant
differences . ..”
Clinical score (median)* 24 1.5 (NR) 2.1 (NR) -0.6 —
No. of albuterol nebulizations 36 20 (x19) 15 (+6) -5 —-0.4
Total dosage of albuterol (mg) 36 83.5 (+88) 67.5 (+40) -16 —-0.2
Hospital stay (days) — 3.5 (£25) 3.0 (x1.5) ~0.5 -0.2
Strauss et al.”® (n = 31)
PEFR (% of predicted) 24 53 (£21) 67 (£22) -14 -0.7
Albuterol treatments 24 6.14 (=£1.16) 6.00 (x0.71) -0.14 -0.1
Hospital stay (days) — 2.58 (x1.5) 2.33(x1.3) —-0.25 —0.2
Needleman et al.”” (n = 42)
Clinical score 24 3.05 (£3.25) 2.38(*2.19) —0.67 —-02
Hospital stay (days) — 2.17 (£1.33) 2.00 (x1.13) -0.17 -0.1

*Mean values listed unless otherwise indicated. Values in parentheses indicate standard deviation. Positive sign of effect difference signifies
that aminophylline group had a better outcome. Sample size is the number of subjects listed by author for the entire study; not all subjects had

measurements for every outcome (see Table 3). NR, not reported.

2Effect difference is difference in means of theophylline and comparison group (expressed in units of measurement).
*Effect size is the effect difference divided by the standard deviation (expressed in units of standard deviations).

“Determined from figure in paper.

1V corticosteroids. At 24 hours, the mean clinical scores
and respiratory rate were not “. . . statistically . . .” differ-
ent. The mean values are presented in a figure but without
any measure of the variance or the sample size of each
group. These limitations prevented us from pooling the
study results.

The next four clinical trials shared similarities in de-
sign. The primary inclusion criterion was failure of emer-
gency room treatment with three doses of nebulized albu-
terol. Patients requiring intensive care or with impending
respiratory failure were excluded. To maintain blinding,
sham “theophylline levels” were reported for the placebo
group patients along with actual levels for the treatment
group by an investigator not involved in assessing out-
comes. DiGiullio et al." studied 29 children and found
small effect differences that were not statistically signifi-

cant. The theophylline group on average needed 3.3 more
hours than the control group to achieve a low clinical
score (effect size, —0.2 SD), and the theophylline group
had one additional albuterol treatment by the time of
discharge (effect size, —0.2 SD). The percent effect differ-
ences were 13% and 14%, respectively. The duration of
supplemental oxygen was identical. The difference in
clinical score at 24 hours was 0.1 (effect size, +0.1 SD),
favoring the theophylline group. Carter et al."? studied 21
patients; they observed that the theophylline group had
consistently greater FEV, values (percent of predicted
value) then the comparison groups from study entry
through study completion at 36 hours. The effect differ-
ence was +10% (percent of predicted) (effect size, +0.6
SD) at 24 hours and was not statistically significant. The
median clinical score was 29% lower in the theophylline
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TABLE 3—Pooled Resuits From Four Studies Comparing the Effect of Theophylline With Placebo in Acute
Childhood Asthma'
Degrees of Test of Mean effect Pooled effect size*

Measure freedom homogeneity (x?)? difference’ (95% confidence intervals) P value
FEV, or PEFR*!%12 2 1.2% +3.9% of predicted +1.6 SD

(~2.6, +5.9) 0.25
Albuterol treatments'*? 2 <1* ~2.1 treatments —0.18 SD

(-03, -0.1) 0.02
Hospital stay'®1213 2 <1* -0.31 days —0.18 SD

(—0.3, —0.05) 0.03

'Positive effect difference signifies that aminophylline group had a better outcome. SD, standard deviation units.

“From Ref. 18.

*Effect difference is difference in means of theophylline and comparison group (expressed in units of measurement).

*Effect size equals effect difference divided by the standard deviation.

*P > 0.05.

group, but the variance was not reported. The theophylline
group received five more albuterol treatments by 36 hours
(effect size, —0.4 SD) and required a half-day longer
hospital stay (effect size, —.0.2 SD) than the control
group. Strauss et al.!" enrolled 31 children age 5-18 years.
The children in the theophylline group had poorer out-
comes in all three clinical measures [peak expiratory flow
(24 hours), number of albuterol treatments, and length of
hospital stay] although none were statistically significant.
The effect difference was —14% for PEFR (effect size,
—0.7 SD), —0.25 days for hospital stay (effect size, —0.2
SD), and —0.14 for the number of albuterol treatments
by 24 hours (effect size, —0.1 SD). Needleman et al.”
included 45 children ranging in age from 2 to 18 years.
For the two outcomes presented, the theophylline group
had poorer outcomes, but differences were not statistically
significant. The effect difference was —0.67 for the clini-
cal score (effect size, —0.2 SD) and —0.17 days (effect
size, —0.1 SD) for the hospital stay.

Pooled Analysis

Pooling of results across studies was limited by the
dissimilar outcomes and the failure to report results and
variances quantitatively. Three parameters were reported
in more than one study—FEV, or peak expiratory flow
rate (PEFR) at 24 hours, the number of albuterol treat-
ments, and the length of hospital stay. We used the effect
size for pooling since it is a measure of the effect differ-
ence standardized by each study’s variance. The test for
homogeneity of effect for each parameter did not detect
significant differences (Table 3). Therefore, the effect
sizes were pooled and 95% confidence intervals calcu-
lated. The pooled effect size of the 24 hour spirometry
measure (FEV, or PEFR) was +1.6 SD (95% confidence
interval, —2.6, +5.9) with a P value of 0.25 (Table 3).
For the number of albuterol treatments, the pooled effect
size was —0.18 SD (95% CI, —0.3, —0.1). While this
effect was statistically significant (P = 0.02), it should
be noted that the mean effect difference of 2.1 more

treatments in the theophylline group compared with the
control group is small. Similarly, the pooled effect size
of —0.18 SD (95% C1, —0.3, —0.05) for hospital stay was
statistically significant (P = 0.03), but this represented an
average longer hospital stay in the theophylline group of
only 0.31 days.

Sample Size Calculations

We also determined for each outcome measure in each
study the total sample size necessary to detect a 20%
effect difference with an « of 0.05 (two-tailed) and a
power of 0.80.° These parameters represent a minimal
sample size for a clinical trial with a moderate chance of
a Type I or Il error. Reducing the chance of these errors
further or detecting a smaller effect difference would
require a larger sample size. The minimal difference be-
tween treatment and control groups that is large enough
to consider the efficacy of theophylline clinically relevant
is arguable. We chose a 20% effect as a difference that
would seem important for all the outcome measures used
in the studies under review. Table 4 shows the sample
size required using the variances found in each study’s
outcome measure. These sample sizes demonstrate the
extent to which the clinical trials were “anderpowered,”
with the exception of Pierson et al.’s’ trial, which observed
very low variances in spirometric parameters compared
with other studies.!*!

DISCUSSION

Acute asthma continues to be one of the most common
causes of pediatric hospitalization, with 187,000 admis-
sions in 1991.% Clinicians frequently prescribe theophyl-
line or aminophylline to treat these children,>* yet the
six randomized clinical trials of this drug have included
only 164 children. The results from our meta-analysis of
these trials indicates with a high degree of certainty that
any beneficial effects on pulmonary function are slight,
if present at all. There is also evidence suggesting detri-
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TABLE 4—Sample Size Required to Demonstrate a 20% Effect Difference Between Aminophylline and

Comparison Group'

Sample size used Total required sample size

Effect % Effect theophylline/ to detect 20% effect

Study difference difference controls difference?
Pierson et al.’

FEV, (% of predicted) +15.7 26 11/12 4

FVC (% of predicted) +10.9 15 11712 6
Digiiulio et al."

Hours to achieve clinical score of 2 -33 13 16/13 198

Number of albuterol treatments (by discharge) -1.0 14 16/13 449

Change in clinical score +0.1 3 16/13 265
Carter et al.”?

FEV, (% of predicted) +10 19 12/9 85

No. of albuterol nebulizations (by 36 hr) -5 33 12/9 544

Total dosage of albuterol (mg; by 36 hr) -16 24 12/9 705

Hospital stay (days) -0.5 17 12/9 348
Strauss et al.!®

PEFR (% of predicted) -0.14 21 9/14 81

Albuterol treatments (by 24 hr) -0.14 2 9/14 20

Hospital stay (days) —0.25 11 11/15 283
Needleman et al.®

Clinical score —.67 28 22/20 1024

Hospital stay (days) -.17 9 22/20 297

Fractions are rounded up. Assumes a two-tailed & of 0.05 and 80% power (B = 0.20). Positive effect difference signifies that the aminophylline
group had a better outcome. Measures reported without standard deviations were excluded.

N = [(Uq + 1gy) S? (Z, + Zp)*VE? (see Ref. 20) where:

q; = proportion of subjects in group 1
q, = proportion of subjects in group 2
S = standard deviation

Z, = the standard normal deviate for a [Z, = 1.96 when a = 0.05 (two-tailed)]

Z; = the standard normal deviate for B (Z; = 0.84 when 8 = 0.20)
E = expected effect size

mental effects, as measured by the greater number of
albuterol treatments required and the longer hospital
stays. Intravenous theophylline for acute childhood
asthma remains, therefore, an unproven therapy.

Limitations of Pooling Results

These analyses are limited by the dissimilarities in the
treatments prescribed and the outcomes reported by the
investigators. We included the PEFR results from Strauss
et al.'’ because this measure correlates highly with the
FEV,.** A more difficult decision was whether to pool
the data of Pierson et al.’ This single trial -has been the
sole evidence to support theophylline use for the past two
decades. Pierson et al.’s’ trial differs from the others in
three important respects: the pulmonary function standard
deviations are low compared with the other published
trials; the study used medications that are no longer in
wide use (nebulized isoproterenol and phenylephrine);
and the dose of corticosteroid was the lowest of the stud-
ies. The apparent efficacy observed by Pierson et al.’
could suggest that theophylline is more beneficial when
less efficacious concurrent medications are used. This
possibility seems unlikely since the lack of efficacy of

theophylline in adults is not sensitive to the concurrent
medication regimen.® Exclusion of Pierson et al.’s’ trial
from our analyses would not have altered our findings.

Research Implications

While results from the four recent clinical trials failed
to demonstrate theophylline efficacy in hospitalized chil-
dren, interest remains high for its use in critically ill
patients.”” To date, there have been no published studies
of theophylline effects in children with respiratory failure.
The utility of future studies will depend on four design
characteristics: the outcome criteria selected for study,
adequate study power, the population selected, and the
reporting of the results. The results from our analysis
underscore the importance of carefully considering the
relevance of outcome measures.?®?’ For critically ill pa-
tients, improvement in physiologic parameters is gener-
ally easy to measure. Equally important are outcomes
meaningful to patients and their families—the likelihood
of intubation, the number of intensive care unit days, and
the overall hospital length of stay.

Our systematic review provides future researchers with
guidance in estimating the necessary sample size. Investi-



gators need to judge the smallest effect considered mean-
ingful by clinicians and families. The effect differences
observed for most of the outcome measures in the pub-
lished theophylline trials were small and would require
a relatively large sample size to detect. In addition, the
variance associated with each outcome must be accurately
estimated or the trial is likely to be “underpowered.”
Historical data from a hospital can be helpful to estimate
variance for some outcomes, such as the length of stay
or the number of albuterol treatments. Pilot data under
study conditions are more likely to provide an accurate
estimate and are essential for pulmonary function parame-
ters or for a clinical score. Future investigators should
also consider the generalizability of the study population.
The hospitalization rate for acute asthma is highest in
children under age 5 years,® the age group least repre-
sented in previous trials. There are also large differences
in hospitalization rates by gender and race; adequate rep-
resentation of these patient groups will ensure that study
results are applicable to a broad clinical population.

Finally, this review demonstrates the importance of full
and clear reporting of methods and results. Incomplete
reporting of methods or data, by omitting either a quantita-
tive measure altogether or its variance, hinders a reader’s
ability to judge the studies’ validity. In turn, incomplete
reporting is an unnecessary barrier to meta-analysis. Re-
porting of each subject’s outcome measures is particularly
desirable for small trials in which the data are less likely
to have a normal distribution, thus necessitating nonpara-
metric tests.

Is it feasible to conduct future trials of theophylline
efficacy? The small number of existing studies and their
small sample size suggest that there are substantial barri-
ers to conducting these trials. At the same time, new
therapies are being developed that may reduce theophyl-
line’s potential role even further. The positive and nega-
tive effects of theophylline seen in this meta-analysis may
be statistically significant in future trials with large sample
sizes, but their relevance may still be questionable unless
larger effect differences are observed.

Clinical Implications

Clinicians caring for children with acute asthma must
still make therapeutic decisions with uncertain knowledge
about the effects of theophylline. For children in non-
intensive care settings, the pooled results indicate that
theophylline adds little to corticosteroids and nebulized
albuterol. Children receiving theophylline appear to have
slightly longer hospital stays and receive more albuterol
treatments. Even assuming there are no detrimental ef-
fects on a patient’s clinical course, adverse reactions to
intravenous theophylline can include rare life-threatening
events, and administration requires blood drawing to de-
termine serum levels. These are additional factors to con-
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sider in the decision to use theophylline until further data
become available. For critically ill children, intravenous
theophylline remains an unstudied treatment. Routine use
is controversial when one considers the lack of evidence
indicating benefits; there is some evidence indicating
worse outcomes in non-intensive care patients. Random-
ized clinical trials of theophylline for children with respi-
ratory failure should be undertaken before intravenous
theophylline is accepted in the treatment protocols in
intensive care settings.
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