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Effectiveness of inhaled furosemide for acute
asthma exacerbation: a meta-analysis

Ryota Inokuchi®*, Ai Aoki"**" Yuta Aoki'*" and Naoki Yahagi'

As the effectiveness of beta-agonists for treating asthma
attacks has been established, numerous other supportive
treatments for asthma attacks have also been investi-
gated, such as systemic glucocorticoids and magnesium.
Among these additional therapies, inhaled furosemide is
of particular interest; several studies have evaluated the
effects of prophylactic inhaled furosemide in attenuating
bronchoconstriction and asthma attacks. To determine
the efficacy of inhaled furosemide during asthma attacks,
we performed a systematic review using the MEDLINE,
EMBASE, Web of Science, and Cochrane Library data-
bases from their inception through 14 March 2014. A
meta-analysis was conducted by calculating the stan-
dardized mean difference from each study and inte-
grating these means using a random effects model. In
addition, subanalyses were performed in the studies that
evaluated the peak expiratory flow rate and the forced
expiratory volume in 1 second.

We identified six studies using double-blinded, ran-
domized control trial designs that evaluated inhaled
furosemide in conjunction with standard treatments in
patients experiencing asthma attacks [1-6] (Figure 1); a
total of 78 patients received inhaled furosemide and 79
patients received a placebo (Tables 1 and 2). The mean
age of patients ranged from 8.4 to 47 years [3,6]. In
two studies, patients were administered 40 mg inhaled
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furosemide [1,2]; in one study, patients were administered
20 mg inhaled furosemide [6]; and in the three studies
that recruited children, patients were administered either
1.0 mg/kg [4,5] or 10 mg/m2 [3] inhaled furosemide.

Integrating the standardized mean difference in each
study, a random effects model showed that inhaled
furosemide had a significant positive effect on asthma
attacks (Z = 2.70; 95% confidence interval, 0.14 to 0.85;
P = 0.007) with a negligible heterogeneity (I* = 16.82)
(Figure 2 and Table 3). Subanalyses of the studies repor-
ting the peak expiratory flow rate (Z = 2.23; P = 0.026;
n = 68/70, inhaled furosemide/placebo) and the forced
expiratory flow in 1 second (Z = 1.84; P = 0.066; n = 49/46,
inhaled furosemide/placebo) values confirmed the sig-
nificant effectiveness of inhaled furosemide for asthma
attacks (Table 3). Jackknife sensitivity analyses con-
firmed the replicability of these findings (P <0.028)
(Figure 3). No adverse events associated with furosem-
ide inhalation were reported.

These results thus reveal a statistically significant im-
provement in airflow obstruction with no evident ad-
verse events when inhaled furosemide was used as an
adjunctive treatment for acute asthma exacerbation. The
present study provides evidence supporting the addition
of inhaled furosemide to conventional treatment in cli-
nical situations.
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142 potentially relevant citations identified

125 studies were excluded

> e.g., they did not recruit patients with asthma
or they did not administer furosemide

\ 4
7 studies identified for the meta-analysis

—

11 studies were excluded based on the following:
4 investigated prophylactic use of furosemide
4 did not provide sufficient data to calculate effect size
1 compared furosemide with other drugs
1 administered furosemide to patients with chronic persistent asthma
1 did not compare furosemide and placebo groups during the same period

v

v
6 Studies were included in the meta-analysis

Figure 1 Study selection procedure.




Table 1 Trial characteristics

Furosemide group

Placebo group

Study (year) Number of Number of Mean patient Number of Mean patient Number of Smoking COPD B-agonist Inhaled Expiratory Spirometry Severity Hydrocortisone
randomized patients age (years) patients age (years) patients dose furosemide airflow measurement (mg)
patients completing (male) (male) dose assessment used

study time (minutes)

Alshehri and 39 39 84 19(11) 85 20 (9) N/A? N/A? 0.15mg/kg 10mg/kg 30 PEFR, FEV1.0 ~ Moderate N/A

colleagues,

2005 [5]

Gonzalez- 20 20 98 10 (7) 10 10 (5) N/A® N/A® 0.15mg/kg 1.0mg/kg 30, 60 FEV1.0 Mild or  N/A

Sénchez moderate

and colleagues,

2002 [4]

Nannini and 20 16 31 7 (N/A) 41 9 (N/A) N/A N/A 25 mg 40 mg 15, 30 PEFR N/A N/A

colleagues,

1992 [1]

Nuhoglu and 32 32 86 16 (8) 84 16 (12) N/A® N/A? 0.15mg/kg 10 mg/m2 N/A PEFR Mild or N/A

colleagues, moderate

2006 [3]

Ono and 37 37 47 20 (7) 41 17 (8) N/A Exclude N/A 20 mg 30, 60 PEFR, FEV1.0 Mild to 100

colleagues, severe

1997° (6]

Pendino and 42 42 38 6 (N/A) 34 8 (N/A) Not >10  Exclude 25 mg 40 mg 15, 30 PEFR Mild or 300

colleagues, pack-years moderate

1998° [2]

COPD, chronic obstructive pulmonary disease; FEV1.0, forced expiratory volume in 1 second; N/A, not available; PEFR, peak expiratory flow rate. *Smoking and COPD histories were not available, although no smoking
or COPD history was assumed because patients were children. PCombination treatment in all trials was simultaneous administration of a beta-agonist plus furosemide, except for Ono and colleagues, in which patients
in both groups received hydrocortisone succinate and aminophylline, followed 30 minutes later by either furosemide or placebo. “Only subgroup data (pertaining to patients whose exacerbations lasted <8 hours)

were available.
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Table 2 Trial results
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Furosemide Placebo
PEFR FEV1.0 PEFR FEV 1.0
Study (year) Baseline SD Post-treatment SD  Baseline airfflow SD  Post-treatment SD Baseline SD  Post-treatment SD  Baseline SD Post-treatment SD
airflow airflow airflow airflow airflow airflow airflow
Alshehri and colleagues, 59.0 220 849 140 585 145 802 139 572 254 80.7 174 567 173 778 19.1
2005 [5]
Nuhoglu and colleagues, 178 659 222 66.1  N/A N/A 183 517 218 60.3  N/A N/A
2006 [3]
Baseline SD Net airflow SD  Baseline airflow SD  Net airflow SD Baseline SD  Net airflow SD Baseline SD Net airflow SD
airflow improvement improvement airflow improvement airflow improvement
above baseline above baseline above baseline above baseline
Gonzélez-Séanchez and N/A N/A 0820 0460 0910 0.067 N/A N/A 0850 0340 0.980 0.078
colleagues, 2002 [4]
Nannini and colleagues, 147 680 269 89.7 N/A N/A 234 820 316 562 N/A N/A
1992 [1]
Ono and colleagues, 171 200 205 451 1.8 0.13 178 250 198 213 132 074 N/A
1997 [6]
Pendino and colleagues, 200 710 426 980 N/A N/A 209 680 337 732 N/A N/A
1998 [2]

FEV1.0, forced expiratory volume in 1 second; N/A, not available; PEFR, peak expiratory flow rate; SD, standard deviation.
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Study name Statistics for each study Std diff in means and 95% CI
Std diff Lower Upper
inmeans limit limit Z-Value p-Value
Alshehri et al., 2005 0.150 -0.479 0.778 0.466 0.641 —n—
Gonzalez-Sanchez et al., 2002 0.691 -0.211 1.593  1.501 0.133 L
Nannini et al., 1992 0.783 -0.241 1.807 1498 0.134 i
Nuhoglu et al., 2006 0.149 -0.545 0.843 0420 0.674 ——
Pendino et al., 1998 1651 0428 2873 2646 0.008 —_—
Ono et al., 1997 0516 -0.141 1173 1540 0.124 ——
0492 0135 0849 2702 0.007 <
200  -1.00 0.00 1.00 2.00
not effective effective
Figure 2 Meta-analysis of randomized clinical trial studies. A random effects model demonstrated significant effectiveness of inhaled
furosemide for asthma attacks [1-6]. Cl, confidence interval; Std, standard.

Table 3 Meta-analyses of randomized controlled trials

Number of studies Furosemide group (n) Placebo group (n) Lower 95% ClI Upper 95% Cl Zvalue Pvalue P

Whole studies 6 78 79 0.14 0.85 2.70 0.007 16.8
PEFR 5 68 70 0.058 0.90 2.23 0.026 304
FEV1.0 3 49 46 -0.027 0.83 1.84 0.066 8.16

Cl, confidence interval; FEV1.0, forced expiratory volume in 1 second; PEFR, peak expiratory flow rate.

Study name Statistics with study removed Std diff in means (95%
Lower Upper Cl) with study removed

Point limit limit Z-Value p-Value

Alshehri et al., 2005 0601 0.192 1.009 2884 0.004

Gonzalez-Sanchez et al., 2002 0.481 0.058 0.904 2230 0.026 —.—

Nannini et al., 1992 0471 0.063 0.880 2261 0.024 ——

Nuhoglu et al., 2006 0.589 0.177 1.001 2801 0.005

Pendino et al., 1998 0.382 0.051 0.713 2259 0.024 -

Ono et al., 1997 0.521 0.057 0.985 2203 0.028 ——
0492 0135 0849 2702 0.007 <@

-2.00 -1.00 0.00 1.00 2.00

not effective effective

Figure 3 Jackknife sensitivity analysis, excluding one study at a time. All sensitivity analyses preserved the significant effectiveness of
inhaled furosemide for asthma attacks [1-6]. Cl, confidence interval; Std, standard.
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