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Abstract

Objectives: Although albuterol, the most frequently used bronchodilator, has been traditionally and generally delivered via
nebulization (NEB) with compressed air/oxygen, the benefits of metered-dose inhalers with a spacer (MDI+S) have been widely
recognized as an alternative method for albuterol administration. The aim of this systematic review was to compare the response
to albuterol delivered through NEB with albuterol delivered through MDI+S in pediatric patients with asthma exacerbations.
Methods: We conducted an electronic search in MEDLINE/PubMed, EMBASE, Ovid and ClinicalTrials. To be included in the
review, a study had to a randomized clinical trial comparing albuterol delivered via NEB versus MDI+S; and had to report the
rate of hospital admission (primary outcome), or any of the following secondary outcomes: oxygen arterial saturation, heart rate
(HR), respiratory rate, the pulmonary index score (PIS), adverse effects, and need for additional treatment. Results: Fifteen
studies (n=2057) met inclusion criteria. No significant differences were found between the two albuterol delivery methods in
terms of hospital admission (RR 0.89; 95% CI 0.55 to 1.46; 12=32%; p=0.65). There was a significant reduction in the PIS score
(MD -0.63; 95% CI -0.91 to -0.35; 12=0%; p < 0.00001), and a significantly smaller increase in HR (better) (MD -6.47; 95%
CI -11.69 to -1.25; 12=0%; p=0.02) when albuterol was delivered through MDI+S than when it was delivered through NEB.
Conclusions: This review showed a significant reduction in the PIS and a significantly smaller increase in HR when albuterol
was delivered through MDI+S than when it was delivered through NEB.
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MDI NBZ Risk Ratio Risk Ratio
Q. _Study or Subgroup _ Events Total Events Total Weight M-H, Random, 95% CI M-=H, Random, 95% CI
Batra 1997 4 30 0 30 2.7% 9.00 [0.51, 160.17] R —
Delgado 2003 83 17 85 14.6% 0.24 [0.08, 0.69] _———
Kerem 1993 5 17 6 16 16.2% 0.78[0.30, 2.07] I
Mitselou 2016 7 45 6 53 15.2% 1.37[0.50, 3.79] T
Ploin 2000 2 31 2 32 5.8% 1.03 [0.15, 6.88]
Schuh 3 30 2 30 6.9% 1.50[0.27, 8.34) —
Snider 2015 53 445 57 445 36.4% 0.93 [0.66, 1.32] -
Vangveravong 2008 1 18 0 18 2.3% 3.00[0.13, 69.09)
Total (95% CI) 699 709 100.0% 0.89 [0.55, 1.46]
Total events 79 90
Heterogeneity: Tau’ = 0.14; Chi’ = 10.25, df = 7 (P = 0.17); I = 32% [ + + i
Test for overall effect: Z = 0.45 (P = 0.65) oo oF':vours MDIlFavuurs Ng 100
MDI NBZ Mean Difference Mean Difference
b. Study or Subgroup _Mean SD Total Mean SD Total Weight IV, Random, 95% CI_Year IV, Random, 95% CI
Chou 1995 11 1.7 71 11 26 30 7.5% 0.00 [-1.01, 1.01] 1995
Rubilar 2000 3.7 .7 83 43 26 85 17.5% -0.60[-1.26,0.06] 2000
Delgado 2003 3.5 0.8 62 42 1 61 75.0% -0.70[-1.02, -0.38] 2003
Total (95% CIy 216 176 100.0% -0.63 [-0.91, -0.35]
: 1. e - . 2. " +
Heterogeneity: Tau’ = 0.00; Chi 1.68,df = 2 (P = 0.43), I = 0% T ) ) 100

Test for overall effect: Z = 4.45 (P < 0.00001)
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MDI NBZ Mean Difference
a. _Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI Year

Mean Difference
1V, Random, 95% CI

Chou 1995 9548 4,39 30 9629 2.61 30  4.4% -0.81(-2.64, 1.02] 1995
Batra 1997 97 4.39 71 97 2.61 81 10.8% 0.00(-1.17, 1.17] 1997
Delgado 2003 97 19 83 967 22 85 38.3% 030(-0.32,0.92] 2003
Deerojanawong 2005 94 33 24 947 37 23 3.7% -0.70([-2.71, 1.31] 2005
Vangveravong 2008 973 16 18 97 0.57 18 24.0% 0.30[-0.48, 1.08] 2008
Mitselou 2016 96.52 2.26 45 965 2.21 53 18.7% 0.02[-0.87,0.91] 2016
Total (95% C1) 271 290 100.0% 0.13 [-0.26,0.51]
Heterogeneity: Tau? = 0.00; Chi® = 2.25, df = 5 (P = 0.81); ¥ = 0% 0 ) 0 100
Test for overall effect: Z = 0.66 (P = 0.51) " Favours MDI Favours NBZ
MDI NBZ Mean Difference Mean Difference
b. _Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Batra 1997 145.6 9.4 30 1502 377 30 14.1% -4.60[-18.50, 9.30]
Deerojanawong 2005 127 157 24 133 164 23 323%  -6.00(-15.19,3.19]
Mitselou 2016 14835 17.77 45 155.89 2263 53  425% -7.54 [-15.54, 0.46)
Vangveravong 2008 108.1 211 18 1142 266 18 11.1% -6.10[-21.78,9.58]
Total (95% CI) 117 124 100.0% -6.47 [-11.69, -1.25] <
Heterogeneity: Tau® = 0.00; Chi® = 0,15, df = 3 (P = 0.99); I* = 0% - - +
Test for overall effect: Z = 2.43 (P = 0.02) 100 igvouvs MDIOFavouvs Nle 100
MDI NBZ Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% C|
C.
Batra 1997 387 6.7 30 387 74 30 18.8% 0.00[-3.57,3.57]
Deerojanawong 2005 426 145 26 435 125 23 11.0% -0.90[-8.46, 6.66]
Mandelberg 2000 426 113 23 37 112 19 12.1% 5.60[-1.23, 12.43]
Mitselou 2016 35.75 10.69 45 36.71 10.95 53 17.2% -0.96[-5.25,3.33]
Rubilar 2000 373 68 62 438 38 61 22.0% -6.50[-8.44, -4.56] -
Vangveravong 2008 281 4.9 18 301 59 18 18.9% -2.00(-5.54,1.54]
Total (95% CI) 204 204 100.0% -1.39 [-4.80, 2.02]
Heterogeneity: Tau® = 12.80; Chi® = 22.14, df = 5 (P = 0.0005); I = 77% L= - 4 + 4
Test for overall effect: Z = 0.80 (P = 0.42) 100 D Favous N
MDI NBZ Risk Ratio Risk Ratio
Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
@, >tudyor>Subgroup Events Total Events Total Weigh
Batra 1997 6 30 16 30 29.4% 0.38[0.17, 0.83] —
Delgado 2003 11 83 8 85 26.5% 1.41(0.60, 3.32) -
Ploin 2000 1 31 3 32 5w 0.34 [0.04, 3.13] —
Schuh 1 30 1 30 3.8% 1.00 [0.07, 15.26] —
Snider 2015 14 445 18 445  34.6% 0.78 [0.39, 1.54) —-
Total (95% CI) 619 622 100.0% 0.71 [0.41, 1.22] -
Total events 33 46
Heterogeneity: Tau® = 0.10; Chi* = 5,50, df = 4 (P = 0.24). ¥ = 27%
Test for overall effect: Z = 1.24 (P = 0.22) o001 DF:vours MD!lFavoms N;g 100
MDI NBZ Risk Ratio Risk Ratio
b. Study or Subgrou Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Leelathipkul 2016 1 20 11 20  18.0% 0.09 [0.01, 0.64]
Ploin 2000 1 31 0 32 86% 3.09 [0.13, 73.17]
Snider 2015 101 445 140 445 54.1% 0.72 [0.58, 0.90] L
Vangveravong 2008 2 18 2 18 19.3% 1.00 [0.16, 6.35]
Total (95% CI) 514 515 100.0% 0.60 [0.22, 1.64]
Total events 105 153
Heterogeneity: Tau® = 0.48; Chi* = 5.34, df = 3 (P = 0.15); I’ = 44%
Test for overall effect: Z = 1.00 (P = 0.32) oot oF‘:vours MDIiFavours N;(Z] 100
MDI Risk Ratio Risk Ratio
€. _Study or Subgrou| Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Kerem 1993 117 4 16 32.8% 0.24 (0.03, 1.89] —_—
Rubilar 2000 1 62 3 61 28.5% 0.33 (0.04, 3.07) D S E—
Schuh 1 30 1 30 19.1% 1.00 [0.07, 15.26]
Vangveravong 2008 1 18 1 18  19.6% 1.00 [0.07, 14.79]
Total (95% CI) 127 125 100.0% 0.45 [0.14, 1.49] el
Total events 4 9
. r_ - il = = - P = ¥ + + n
Heterogeneity: Tau® = 0.00; Chi* = 1.12,df =3 (P=0.77); I = 0% 0.01 o1 10 100

Test for overall effect: Z = 1.30 (P = 0.19)
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