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fuleAmtù.. Comparative studies of albuterol by wet
nebulizer or metered dose inhaler have tested ftxed doses
of medications. We compared the dose-reslrcnse relation-
ship to albuterol by wet nebulization or metered dose
inhrlsl in acute asthma.
Mahds: Randomized, double-blínd, placebo-controiled
trial. Patients wÍth acute asthma received either albuterol,
0..1mg, by metered dose inhaler (and holding chamber) or
albuterol, 2.5 mg, by wet nebulizer every 30 min until
maximd bronchodilation. Forty patÍents (forced expÍratory
volume in I s [FEVJ: l.l5È0.43 14 36s12 percrent
predicted) receíved metered dose inhaler and 40 others
(FEV,: 1.08É0.52 L; 35É16 perc.ent predicted) received
wet nebulization.
Baults: Twenty-six patients (65 percent) neceiving metered
dose inhaler and 30 (75 percent) receiving wet nebrrlizatíon
achieved maxímal bronchodilation after two doses. Almost
all reached maximal bronchodilation by four doses. The
FEV. imprwed by 0.72É0.49 L for metered dose inhaler

Tnhaled p-agonists are the treabnent of choice in
r acute asthma. These aerosols may be administered
by either metered dose inhaler (MDI) or by wet
nebulization (!VN). Wet nebulization can produce
continuous aerosolization of bronchodilator which de-
posits in the tracheobronchial tree during normal tidal
breathing. In contrast, the MDI delivers bronchodi-
lator aerosol in a single dose that is usually inhaled
using a deep inspiration followed by 

" 
breathhold.

Until recendy, bronchodilation achieved by WN was
considered to be greater than that attainable after
lvf DI use, and therefore the former was the treahnent
ofchoice for in-hospital therapy ofasthma.re Howeveq
nerv evidence has suggested that there is little differ-
ence between both forms of treatment in acute
asthma.}7 Neverthelesq The Expert Panel on the
Management of Asthma (National Institutes of Health)
recommends delivery of aerosolized bronchodilator
by wet nebulizer for acute asthma management of
adults in emergency departments.E

and 0.68È0.61 L br wet nebulizer (p=0.71). A significant
linear relationship was seen in both gr,oups (metered dose
inhaler r=0.94; wet nebulizer r=0.98) between the log
dose o[ albuterol and chattge ín FEY,. About /e the wet
nebulizer dose of albuterol was needed to achieve similar
Feslrcnse to the metered dose inhaler.
Conchsíons: Albuterol by metered dose inhaler pronided
similar bronchodilation to that achieved by wet nebr'li"^tioo
in patíents with acute asthma. The cumulative dose-re-
slxrnse technique is epplicable in the emeqgency depart-
ment setting and is helpfuI in comparing the relatÍve utitity
of various bronchodilator negimeDs.

(ChBt 1993; 7M:83*41)
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Conventional fle5s5 (trvo pufis) of p-agonists given
by MDI (roith holding chanber) may not produce
optimal bronchodilation. Some authors suggest 4 to
15 pufif'? while the British Thoracic Society suggests
20 to 50 pufse of p-agonists may be required for
maximum bronchodilation in patients with acute
asthma. To our knowledge, no study heq comparcd
either the dose-nesponse relationship or the madmd
response to a p-agonist administered by MDI or WN
in patients with acute astùma. In th;" sfudy, we
compared the dose-rie{pnse relationship to albuterol'
administered by MDI (*ith holding chamber) and
WN in a group ofacutely ill adult asthnatics presenting
to the Emergency Departmenl We also compared
tùe maximum resporu;es and ratio of doses yielding
equivalent responses using tùe two methods of therapy.

Mn-rrroos

Falients

Eightyfive conseeutive eligible lntients who presented to the

Emergency Departrrent of the Sir Mortimer B. Davis-lewish

General Hospital (SMBD'IGH) *ith a diagnosis of urte asthma

were studied.rc htients were eligible for study if th"y were at least

18 years of age, able to perform spirometry, and had an FEV. <70

percent of predicted. Those with complicating medical illness such

as pneumonia, ischemic heart disease (acute or chronic), frequent

ventricular beats, or unstable engina were exduded. Pregrrant or

nursing mothers or pa.tients who had received any aerosolized or
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perenteral p-agonists in the Emergency Deprme:i -vere :iso
ineligible for shrdy. This study wzs approved by the ethic c..rmrnitee
of the SMBD-ICH. A signed oonsent was obtaingì icm *c:

lntienL

Tteotnvnt hotocol

A doublebhnd, pbcebo-controlled, randomized and stntified
doigo was used to establish crrmulative dose response relationships
to inhated F-agonist b.v either WN or MDI in lntients with acute
asthma- The treatment arms were stratified into two groups based
on whetber there was concurrent use of addiUonal medication
(intravenous aminophylline andor cprtÍcostemids) given at the
discretion of the Emergenry Deparhent physician.

Eightyfive patients werc initially randorni.ed into two group6.

Grcup I: Wet Nebulization (WN)-Fortyfour 6dividrr^ls p:-

ccived placebo, four puft, by MDI with a holding chamber
(AeroCharnber; Boehringer Ingelheim, Burlington, Ontario, Can-
ada). This was immediately followed by dbuterol (Ventolia" Glaxo,
Mississauga. Ontario, Canada), 2.5 mg (O.5 mI in 2.0 ml normal
saline solution) given by a hand-held disposable updraft nebulizer
(Diverse hrlmonary Inc, San Dimas, Calif) and Èce nask driven
by oxygen at a flol,r' rate of 5 to I Umfu. Thís system produced
particles with a -o"s median dirrns1s1of3.56=0.089 pm.u

Gtoup 2: Metered Doce Inhaler and holding chamber (MDI)-

Fort5r-one hdir/iduals receirred dbuteml, 6nr trG (0.4 mg), by
MDI and holdíng rù"rn[61 (AemChasrber) with morthpiece fol-
lowed by placebo (2.5 nl normal dine solutios) t lminístered by
WN and driven by orygen at a flov rate of5 ùo I l/min- The median
aerodynamic rlíameter of albuterol by MDI and holding chamber
has been shocm previarsly b be 1.32 pm fueometrb Jtandard
der'íation, 2.36).''

When using úe MDI, 1dÍents in both goups werc Ínstnrcted to
talce a slow deep inh"ltioa and to hold each inspíratíon 6r at least
5 s, This inspíratory capacity manernrer and breathhold vns ree€ated
with each of the four prft ofdbuterol or placebo at l-mi'. ht€nrals
The tidal breathing technique was used during \ilN. When nebulizer
tapping did not result in firther sp1656líz'tion, the mask was
remoned from the patienl

After baseline plmonary functOn measurements, the cbove
r€gimens were erlministered, and repeated crrcry 30 min untíl
marirnal bronchodilation was achieved. I minirnrrrn of two doses
was given m dl patients, induding those who &iled u respond to
the ffrst dosc. Maximal bronchodilation (MAE rras deffned as tle
dose t$"t produced a plarteau in response as detennined by 

" 
L*t

rl'rn lOGml ímprovement in FEVr betrreen two snccessirc deter-
mínqtions. We deffned the doee abore rns-írnal r€spon56 (DAM) at
being that dose which in rcbospect had not produced frrrther
bronchodilatíon- Althorgh by deffnition, FEV. hed not imprwed at
DAM, we searched for toric effects at boú MAX and DAM.

Meonffi

After the patienti arival in the Emergency D€parhent, baseline
measrrìements were made. SpiromeEy was pcrformed (Vitalogeph
model S wiú PFT printea, kne.xa, Kan or the Vitalograph Compacg
knexa, Kan). The F.\/C, FEV', FEV/F!/C were determined from
S1g€ m^rírnal expiratory rnrneuvers using tbe crrn'e baying the
best FEVT.B

ff the FEV, and other eligibility criterir were met and the patient
cpnsented to the shrdy, hea* rate, respiratory rate, and BP were
measured. Dyspnea was evaluated using the modified Borg
Scale.tr'ts Hand tremor was assessed as absent, mild, moderate, or
s€vere. All measuremeuts werc collected errcry 3O min (approri-
mately !Q min following the completion of the WN) until a plateau
in response (nadnel broochodilefion) was achieved.

Statistbal CoasùIaabg

The sample size calcrrlations br this study were based on prwious

&t5

work done in the Emergency Department.. We assumed an tr-ertor
equal to 0.05 and B 

"q,ral 
to 0.20. The test employed was two

Lxied. If the rtaodard deviation essociated with the increase in
FEV, was 0.3 L. then" at the set Fower of 8O percent, 72 patients
were n€eessary to detec.t a difference of 0.2 L between gmups
There were 80 prtients who completed the protocol described
aborre.

Inidal baseline data were compared by the unpaired Shrdent's t
test. The .l^ta for spirometry (FEVr, FVC, FEV' lrcrcent predÍcted,
FVC percent predicted), vital sÍgns (BB pulse, respiratory rate),
and dyspnea were grouped and analped separately. Since several
dependent variables were measured during the study, a multivariate
approach was employed followed by univariate analysis where
appmpriate.r' Three specific times (doses) of interest were deter-
mined: baseline, at madmal bronchodilatÍon (MAX), and following
the next dose above maxirral response (DAM). These measuremen\

made on three oc''casions, rvene the within-sublect factor (time). The
mrin gffsg{ was mode of therapy. The interaction term between
mode of therapy and the thee speciffc tímes (baseline, MAX, and
DAM) was also determined.

Regression enal),sis was performed at MAX to predict the rise in
nes[rons€ (FEVJ per unit dose for both modes of therapy. The
horízontal selnration of these lines was considered to be a meaflre
of the diffengnce in doses n€cessary to pmduce a given restrnnse.
The slopes of these regressíons were compred using ú tests

Binery outcomes (tremor, number of rubjects wit[ an increase in
heart rate greater d'"o fl) beats per ninute) were anallzed uSng p

or Fisheri Eractk-
.tll tesS were trvo-taild p values less than 0.05 were considered

statistically signiffcant AII data are presented as mean+-standard
deviatíon unless otherwlse ql€cíffed.

Rrsrrr-rs

Eightpffve patieuts initially entered into the study
were randomized into two groups (41 to MDI, 44 to
WN). Five of these (fqgf one MDI) were later
excluded from shrdy. Two patients initially randomized
to WN were withdra\rn from stody because entry
criteria were not met (FEV, }70 percent predicted).
One patient initially randomized to WN had imprwed
clinically and on spirometry (FEVt before, 2.26 L,5L
p€rcent predicted; after, 3.60 L, 81 percent predicted)
and discharged h;mself after three doses; in another,
a protocol error was detected (baseline data were not
cellected prior to drug edmínishation) after the patient
finished the shrdy. One other patient (FEVr before,
t.lg L, 31 percent predicted) randomized to MDI
was removd from shrdy. after one dose (15 mín iple
st"dy) because ofincreased cvugh, shortness ofbrealh,
and.liaphoresis. The patient then received albuterol,
5.0 mg, plus ipratropium, 0.25 mg, by wet nebulizer
in addition to intravenous corticpsteroids. His FEVr
80 min later was 1.91 L (49 percent predicted) and
admission to the hospital was necessary.

The demographic characteristics of the 80 patients
completing the shrdy are shown in Table l. Patients
randomized to the two groups were well matched at
baseline for age, sex, FEVr, WC, FEV/FVC percent,
and dyspnea s@re. Eight subjects in the MDI group

and five in the WN group were treated concurrently
with intravenous eminophylline. Five and three pa-
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Table l-Pdùnt cllr,rrctzríg'tí45 (ùlean+ sD) 2.0

0.8

Baseline MAX DAM
Frcuns l. Mean FEV, (+5BM) was similar for MDI and WN
groups at baseline, naximal bronchodilation (MAX), and one dose
above sraxímal bronchodilauon (DAM). Both gror.rps showed signG
icant increases at MAr\ and-DaM compared with baseline nalues
Asterisk : p<0.001.

only data for FEV, are repoÉd, the Fn'C response is
similar and the changes are also statistically significant.

The changes in respiratory rate, BB and pulse were
small and cpnsidered to be clinically insigniffcant.
Althougb the mean pulse rate increased only slightly,
this was statistically significant (p<0.05) at DAM in
the WN group ffable 2); moreover, there were four
patients in the MDIgrorp compared Eith ten receiv-
ing WN who had ro ítt"terse in pulse of greater than

Baseline MAX DAM

}{DI

No.
Ser, F[\{

Age, !'r
(Renge)

IniEal FEV., L

Percent predictedt

Inidal tr\/C, L

Percent predictedt

FEV/FVC perceot

Borg Dysp.tea Score

Fange)
Previous medicationsf

p-agonists

Anticholineryics
Inhaled stemids
Oral steroids

Theophylline
Cmmolyn sodium

No medications

MDI = metered dose inhaier; WN:wet nebulizer.

fùforris fF, Koshi A, Johnson LC. Spirometric standards for healthy

nonsmoking adulc. Am Rev Bespir Dis 1971; 16:57{7

tMost patients were receiving more the" qss medication.

tientg reryectively, received both inúavenous amino-
phylline and intravenous coÉicosterotdq and three in
the WN group were given intravenous cprticpsteroids
only.

The multivariate arralysis of varíancé results for all
dependent variables indicated that the treatment
groups had similar resp,onses The p values between
treatment groups for spírometry (FEVr, F'\/C, FEVr
percent predicted, F\/C petrnt predícteQ, vital signs
(Bl respiratory rate, heart rate) and dyspnea sc.ore
were 0.964, 0.16.5, 0.743, respectively. Thuq there
were no significant differences between MDI and WN
groups in pulmonary function, dyspnea score, or
toxicity throughout the study. A significant time factor

b<0.001) was apparent indicating that pulmonary
firnction, dyspnea soore, and vital signs all changed
sígníficandy following administration of bronchodila-
tor independent of treatrrent group. The most impor-
tanteffect in the multivariate analpis is the interaction
between mode of therapy and time (dose), which was
not siguificant (spirometry, P:0.994; vital sigus,
p:0.096; dyspnea, p:0.716), indicating that both
methods of therapy achieved similar magnitude of
change at MAX and DAM

The univariate analysis for each dependent variable
measured resulted in findirgs similar to the multivar-
iate analysis. Fìollowing treaturent, each group achieved
significant bronchodilation b<0.00f) -d a decrease
in dyspnea ftl<0.00f) at MA)( and DAM c''ompared
with baseline (Fig 1 and 2). The changes in FEVI from
baseline for both groups were similar (MDI,
0.72 0.49 L,  23 + 16 percent predicted);  (WN,
0.68+0.61 L, 22-*Lg percent predicted). Although

Frcuns 2. Patients treated with albuterol delivered by MDI and

WN recorded shilar soores in the Botg Dyspnea Index (+SEM)

at baseline, MAX, and DAM. Dyspnea decreased significantly foom

baseiine values at MA)( and D,q.M for both MDI and WN groups

fuierisk: p<0.001.
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Table L-vîtal Signr Beforz ad Afta Nbutcml

lvlDI

B;ueiine MrL\ DAìV{ Bcseline !l/L\ DAM

$espiptory
Rate

hrlse

Systolic
pressure

Diastolic

Pressure

oo

irsz)
94

(88-ro0)
13r

(ue136)
85

(82€8)

ret
(r7-2o)
93

(8;-se)
Lvít

(r2$13r)
82t

(7s.94)

19î
(r7-2r)
95

(8er01)
LsTt

(r2$r32)
82î

(7e-84)

.?.1

(zr-Lr)
93

(87-e8)
19,3

(us13o)
82

t79-95)

10î
$7-n)
97

(el-103)
123

(uer30)
79t

9ffi2)

(r7-2r)
lfnt

(e4-i06)
199

(rrcuî
76t

(í2-7s)

MDl:metered dose inhaler; WN-rl,,s1 s6[rrlizer; MAX:dose producing marimal bronchodilation; DAM:one dose above

brnnchodilation. Ninelv-five percent conffdence liuits are shown in parentheses

tp<0.05, respiratory rate, pulse, and BP are significantly different from baseline vzlues.

2O beats per minute at DAM (p:0.07). There were
no arrhythmias detected, although this was oot as-
sessed by constant ECG monitoring.

There was an increase in tremor noted after admin-
istration of albuterol by either MDI or !VN; howeu-er.
this was usually mild in degree. Two patients receivinq
t:e:ilment by MDI had moderate or severe tremor at
baseline. At MA)( and DAM, there wer-e five patients
with this degree of tremor at each of these points For
'WN, 

the cprresponrl;ng ftgures for moderatey'severe
tremor were 0, 3, and 4 at baseline, MAX, and DAM.

Figure 3 shows the number of doses requíred in
each treatment group to reach maximal bronchodila-
tion. About half of all patients (I1lN [4Í] petcentl in
MDI, zM41l. [50 percent] in lVN) achieved mardmal
bronchodilation after albuterol, 0.4 mg by MDI or 2.5
mg by WN. After three doses, 90 percent of MDI
patients and 83 percent of WN patients had achieved

40 100

Number of Doses
Frcuns 3. Number end percentage of patients achieving maximd
bronchodila'tion after eh (ormulative) dose of albuterol (0.4 mg,
0.8 mg, 1.2 mg, and 1.6 mg for MDI and 2.5 mg,5.0 mg, 7.5 mg,
l0 mg, and 19.5 mg for WN). A similar number of patients in both
treatment 8rrlrr:rrchieved -T*" FEV, after each dose.

marimal bronchodilation. Only two patients in the
WN group needed more than four doses to achieve
s1a *imal bronchodilation.

The relationship between the cumulative dose of
aibuterol and the change in FEV' erpressed as percent
predicted was examined. There was no significant
serial correlation between the responses to different
doses of albuterol (Durbin-Watson Test:2.27). This
implies that individual" who responded well to the
inidal dose of albuterol did not necessarily continue
to do so after other doses. We therefore were able to
use the cumulative data on all patients for each dose

until maximal bronchodilation was achieved for the
cpnstruction of tlre dose-rleqlpnse relationships A

signiftcant linear relationship (p<0.05) was observed

for both MDI and WN (MDI; r:0.94) (WN; r:0.98)
(Fig 4). The slopes of the regression lines (M DI : 48. 45

log*r WN:47.9{t logt p>0.1) were no different
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indicating that the increase in FEV1 per dose was
similar in both groups Using common logarithms and
the assumed common slope of 48, we deterinined '.hat

a dose ratio of 6.00 in favor of MDI was needed to
obtain :q"t::"lt bronchodilation.

' DrscussroN

This study assessed the efrcary of two delivery
systems (MDI and WN) fo. administering inhalsfl
albuterol in patients with acute asthma. Cumulrtive

.dose-response curves were used to compare ma,rimal
efiecs. The two forms of therapy are effective with no
significant difference in bronchodilation, dyspnea re-
lief, or toxicity.

Patients with acute asthma presenrng to the Emer-
gency Departrnent eqrect the uaditional in-hospital
treatment of WN as the forrr of aerosol therapy.
However, the idea of usi'g MDIs to replace WN has
been under serious consideration.e'r7'r8 Both devices
are equally effective in the treaknent of acute or
unstable asthma or COPD.36'rs'5 This study confirrns
that equd bronchodilation and dyspnea relief may be
achieved either by MDI (o,ith holding chanber) or
WN. Use of MDI in hospital produces lntential cost
savings, faster access to therapy, and more efficient
use of paramedical staff time .r&'b'.t Adur;nishation of
albuterol by MDI according 1e this protocol would
take 3 min for each treatment compared with l0 to l5
min for WN. This might be beneficial in an Emergency
Department where only limited human resourrc€s are
available.

Our results on the bronchodilator-efficacy of IrIDI
in acute asrhma are in agreement with others.s
However, it remains difficult to compare this sfudy
with others using ftxed doses, different agents, or small
sample sizes (potentially large p error) to cumpare
methods of delivery3'7 In the study most comparable
to ours, Tarala et aF developed dose'res1rcnse relation-
shíps to albuterol by MDI in l7 lntients with acute
asthma. After maximal bronchodilation by MDI, an
addiUonal 5 mg of albuterol was given by WN. The
small increment in FEV, after WN (0.0€ È 0.085 L)
was statistically signíff qanl but clinically unimportant.
We did not use tùe indirect evidence of no frrrtlrer
bronchodilation following WN but used a randomized
double-blind design to determine the response to
MDI and WN.

Differences in reports comparing the efrcacy of
WN to MDI may be explained in several ways.s'a In
this study, equivalent bronchodilation occurred with
a 6:l ratio favoring MDI. Hodder et aF cumpared
albuterol by MDI (0.8 mg; 0.2 mg every 2 min) and
WN (2.5 mg) in the initial treatrtent ofasthma. Fifteen
minutes after treatrtent, the MDI group had achieved
supeior bronchoCilation and a sigaificant decrease in
heart rate compared with Wì''; . Cr11-, i'-i;;- : : i: e e: : : i i'' -

alent response with a dose by WN sii ines :hat of
.'',íD[ in our shrCy, the dose í0.8 ng) oi rjbuter.ri by
If DI in the study of Hodder et aF was high relative
to thatofWN (2.5 mg). Therefore, itwould be erpected
that superior bronchodilation occurred after MDI. In
contrast, with an albuterol dose ratio )6:1, WN is
superior to MDI.a The WN dose administered by
Morley et ala was nine times that given by MDI
(MDI, 0.270 mg-WN , 2.5 mg of albuterol), and
accordingly the former produced superior results.

The optimal dosage for producing maximal broii-
chodilation varies between individuals independent
of the method ofadministration. We showed that about
50 percent of asthmatics reach maximal bronchodila-
don aiter a single dose of albuterol. Those not achiev-
ing maximal response may improve further after
addiuonal p-agonist therapy. However, many patients
will attain maximal responses after relatively small
doses of p-agonists and greater bronchodilation may
be achieved only with other therapy (anticholinergcg

steroidg etc).
Approximately 14 percent of asthmatics need sub-

stantially more dbuterol to achieve maximal response
(16 pufFs by MDI: 1.6 mg-4 to 5 doses by WN: l0 to
f2.5 mg). The results of Drala et al6 suggested that
0.4 to 0.8 mg (range, 0.4 to 1.4 mg) of albuterol by
MDI was sufficient to provide maximal bronchodila-
tion in most patients. The British Thoracic Society
statement on the management of asthma suggests
doses by MDI of 2.0 to 5.0 mg (20 to 50 putrs' 5 at a
time).e This dose was probably selected with the

assumption that response-per milligram was equiva-
Ient by WN and MDI, an estimate that is not

confirrred in our study. We found that substantially
less albuterol is needed and that 90 percent will have

achieved maximal response after 1.2 mg (tht"" doses).

Therefore, a fixed dose by MDI may not provide

optímal beneftt for all individuals, and very high doses

may have potential toxicity.
Figure 4 shows the dose-reryonse relationship for

those patients who continued to respond to albuterol.

The rise in response per dose was similar for both

methods The regression equations (MDI Y:3L-TI *

48.45logx: WN Y: -5.9+47.98 log) show that for

€very I mg of albuterol by MDI, 6 mg are needed

from a WN to have equal response. This difference in

bronchodilator efiect per delivered dose using MDI

and WN ís well known and is directly related to the

delivery of aerosol to the tracheobronchial tree.s The

majority of aerosol delivered by WN never reaches

the respirztory tract as it is nebulized during expira-

tion, remains in the nebulizer tubing, or impacts in

the orophar,vnx and is swallowed. Additionally, aero-

sols delivered by ulhasonic nebulizers may actually

cause bronchoconstriction.sr lvfost of the medication

iel.i'.-ereC b..' ![Df also impacts in the holdingchamber
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or orophary:nx, but this is quantitativelv less than the
wastage encountered with WN.

This studv evaluated the dose-resg>nse reladonship
b."- the cumulaiive iechnicue using albuterui :.,'e:',,30
min. The cumulative technique in stabie asùn:a
Fr,;du"-ed seater b r,;úcl,-dil:,b.,rn thar rn er :r:i-.'aleni
sinqle dose of aerosolizeC b:onch,-rdilatr;r.5! This
method prubabiy produced gleater bronchodilation
than a single lr,rg" dose would ba.ze in our patients as
well. [n cnntrast, ít is possible that the cumulative
dose.was not truly cumuladve- earticularly in tÌrose
patients receiving four to five doses over 2 h. This
population with severe obstmction likely had down-
regulation of B-receptors and therefore some of the
d*g effect may have been lost from earlier doses.
Although thís 5hrdy cruld have randomly assigned a
single treatment with sever,al different doses by .r'tDI
or WN, we believed this was not practical as a much
larger lntient population would have been required.

We chose 4 Jg-min interval between Coses rather
than the l0 to 20-min intervalE's's that is sorne-times
sugested. The study mechanics required approxi-
mately - 15 .min to do spirometry and administer
medications Therefore, .a shorter internal betr+'een
doses was not feasÍble. Nevertheless, the pharmaco-
dynamies of inhaled albuterol suggest that testing at
30 min is appropriate to determine peal( bronchodila-
tor effect.s'$

Although toxicity was @nsidered as minor in both
goups, more patients in the WN group had an íncrease
in heart rate )20 beatVmin (p:0.O4 at DAM. This
difference was not statistically sÍgniffcant yet it raises
the question about potential toxicity of higher doses
of albuterol delivered by WN.

In stable patients with good hand breath cpordina-
tion, the addiUon of a holding chamber to trhe MDI
has not been shown to be more advantageous than the
MDI alone.r We suspect, however, that these holding
chambers are extremelyimprtantin the acute setting.
The anxious patient with increased respiratory distress
nay benefit from MDIs that are breath activated or
from holding chrmbers. In this study, the Aero-
Charnber was used as the holding chamber and hand-
breath croordination was not necessary. Wìthout thiE
the dose-response relationship to MDI -"y possibly
have shifted to the right, tùereby decreasing the
potency ratío between the modei òf therapy. Unfor-
tunately, there are no studies that have tested this
hypothesis ofsuperior efficac.v of MDI when combined
with a spacer or holding chamber in acute asthma.

In 5rrm6s1y, using a cumulative dose-respouse tech-
nique,. there was equrvaìent bronchtxiilation after
albuterol administered by either MDI or WN in
patients.*'ith acute as'.hma. This technique is recom-
mended firr comparison of relative bronchodilator
efficacy of diiferent medications or delivery deyiceq

84{l '

as fired dose studies may v:eld incomplete and poten
tially misleading results.
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