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OIIJECTIVE: To asse'.SS a new spacer tkvicc. the /\CL!. by C<Hllf1ar­
ing it with the Ae•rnchambcr in subjects wit h reversible airflow 
li111ilation a11J assessing the change in lung ru11e·1 ion ;tlkr inhakd 
bronchodilat,11·. 
DE..<;U;N: A rando1ni1l'd single-blind cross-over tri;tl was pcr­
rormccl. 
SE'ITINl; : Hospital-based pulmonary l'unclion laboratory. 
POPULATION STUl>IEI>: Thirty subjects with 1·e·vcr.siblc air!low 
li111i t;1tio11. i'vkan lureul L'Xpin:d volume in Is (FEY1) was 1.J7 L. 
range O.~ lo .l.., L. 1-\II subjce·ts had prc\iously shown at least I 5,;1, 
reversibility alter inhalc·d bronchoJilatur. ;\II inhaled bronchodila­
tors were wi thcld for (1 h. Subjects wnc studied on two separate· 
days. I 'our subjects wnc cxcluJcd rrom the linal analysis bccau.se 
basl'iinc l' l:Y I varie'.d by greater than I 0 1/r between the two study 
days. Maximum expiratory lfow rates were used as the primary 
outcome 111casure·. Change in he:1n rate w;1s ;1sscsscd !or adverse 
clTeL'l s. 
INTERVENTIOJ\S: The change in maximum cxpi1·atory !low ralL·s 
was assessed I :i mins after two. lhre·c and four pulls ur inhall'd 
salbutamol delivered via one or the space'!' devices. The' use ul 
spacer was r;111domi1l'J. 
RK'iULTS: Dat ;1 lro111 2h ,ubject s were analyzeJ. Baseline FEY 1 
was similar 011 the two study d.iys: 1 .. ,7±0.1 J L (ACI!) and 
I .JR±0.14 I. (:\cruch;11nbcr) . The change in 1 ·1 !YI was si1nil.11· on 
both study days. The change in all till' maximum expiratory llow 
rates was si111ilar with both space r dev ices. I +YI after four pulls 
ur salhutamol was 1.7 2:t:0. 1 b I. (ACE) and I. 7 1 ±0. 1 (1 I. (Acru­
chan1he'r ). 
CO'\l'I .USION: The bronchodilation achieved was si111ila1 with 
both spacers. Because the ACF is cheaper. it 111ay ollcr cost 
savin g.s to indi vidual s or institutions . 

Key \Vords: A11l,11w. /Jm11c/1odilutors. ( '/1ro11ic o/,.,1mcti\'c 1>11/-

11u,11urv di.l'l'U.\('. Sf)(/('('/' rfl'l-icC.\ 

Comparaison randomisee de deux dispositifs 
d 'espacement chez des sujets presentant une 
limitation reversible du debit aerien 
011.IEl 'TIF : Evaluer un nouveau dispositif d'e·s pace111e·nt . r /\( 'I:, 
en le crn11par;1nl :1 1· Acrm:ham bre che1. des sujcts pn:scntant unc 
lintitation re'vcrsib k du debit ae ric;1, ct cstimer la vari abilite de la 
lune·tion p11lmon;1irl' ;1prl'S !' inhalation d'un hnmc hodilatatcur. 
Monh.E : Essai randomise noi se :1 simple insu. 
CoNTEXTE : Laboratoire de ronc tion pul11 H1n,1 irc d'un hopital. 
POPlJI.ATION En1011tE : Trentc sujcts prcse·ntanl unc limitation 
rcvnsiblc du debit aericn. Le volume· e·xpir;11uirc maximu m sel' ­
undc (Yb',•IS) 111oyen etait ck 1 .. ,7 L, cc;i rt:0.8-3.3 L. TclllS !cs 
sujc-ts avairnt antcrieurcment dcmontrc unc n:vcrsibilite' d'au 
moins 15 'ii ;1prcs !'inhalation d'1111 bronchodilatatcur. L'adminis­
tration des bronc·hudilatatcurs par inhalation a clc suspcnduc prn­
dant 6 heure,s . I.cs patients unl etc ctudics au cours de dcux juurs 
d islincts. Quall"<: sujets unt cte cxc lus de !'analyse finale c.1r leur 
YEMS de base avail varic de plus de IO % cntrc ks deux Jllltrs 
d 'etude. Les dc~tiits cxpiratoircs de pointc (DEP) onl ctc rctcnus 
e·on1111c principak mesure obje•ctive. On a mcsurc !cs variations du 
ry1hn1e· cardiaquc pour dccclcr !cs diets indcsirablcs . 
I NTERVENTIONS : [ .a v;iriabilite des DEP a ck; cvaluec I :i nrn 
apr,:s la pri se de de'. UX, lmis L'I quatre bouflccs de s;ilh11tan1ul e'. ll 
in halation ;1d111i11istrfrs it !'a ide d ' un des dcux dispositi!'s d'espacc­
mcnl . [,'utilisation du dispo.silil' d'cspaccmenl ctait randolllisce. 
R1::su1.TATS : Les donnces rccucill ics sur 26 sujets unt e·te; ana ­
lysccs. Le YEMS d,· base etait idenliquc pendant ks dcux jours 
d 'etude: U7±0. IJ L !ACE) c t 1,.,8±0,14 L (Acrnchambrc). La 
variahilitc: du YL:MS ctail silllilaire· pend.mi !cs dcuxjours d' ctudc. 
I'uus !cs DEP prcscntaicnt la n1c111c variabilitc qucl quc~ soil le 
di sposit il d ' cspace111cnl utili sc. Le YEMS aprcs quatrl' hu uflfr s de 
salh11t.i 111o l ctait de· 1.721-0, 1(1 L (/\CE) L'I de 1.71 ±0.l<i I. (/\cro­
chamhre). 
CONCLUSION : La bmnchodil atalion obtrnuc ii l' ,1idc des de·ux 
disposi tils d'espuccmc nt clail ide· r11iquc. Moin.s co(11cux. !' ACE 
pcul 1·cpre'scntcr um: source d 'cpargne pm11· lc.: s indi vidus cl ks 
in stitutions . 

Corr1·.1po1 11 /('IIC<' all(/ U'/>ri111,: !),- !)(; S111f>hi11g. /) c1,,tr1111c111 o/Mcdici11c. ('/,('(/okc-,vlnvla.,1a 1/ospituf. C/[('dokc /)/1· isin11 ·· 1/nfhrnok /11.i. 
Box 211//1!, //11111//1011. 011turio 1.8N .i:/.5 
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THE M ETERLD l)OSI ' INIIALFR (iVIDll IS Tl-IE DLVICL MOST 

commonly used to deliver <lrngs to the lung in patients 
with obstructive lung diseases. In many niuntrics the MDI is 
use<l even in emergency .situations as it has been shown that 
they arc as dlective as nl'buliLers but cost less (I->). How­
ever. lo obtain till' optimum effect from the inhale<l drug the 
patient must master the technique needed lo actnate the MDI 
an<l coordinate that action with inspiration. Several stu<lics 
haw shown that this is dillicult for many patients (4-6) an<l 
spacl:'rdcvices have bccn <leve loped to simplify the technique 
(7-9). 

In ad<lilion lo improving <lclivcry of the <lrug Lo the lung. 
spacer <ll:'viccs re<lLILT oropharyngeal <leposition of the in­
haled medication, even in subjects who use the MDI in an 
optimal manner ( I 0-12). Nol only does this play a part in 
<lecrL·asing oropharyngeal adverse effects but it is particu­
larly important now that it is rccogni1.e<l that inhalc<l stcroi<ls 
have the potential to pro<lucc systcmiL· side etlcds ( 13-15). 
In or<lL'r Lo minimilL' Lhi.s potential for unwantc<l effects it is 
stan<lard practice to recommcn<l that all patients taking high 
dose inhaled corticosteroids use a spacer <levice. 

Most patie.nts havc to pay for their own spacer <lcviLT and 
for many this cost is prohibitive . We have evaluated a new 
spacer. the ACE ( Diemol<ling Healthcare Division. New 
York) which is approximately h,df the price of other spacers. 
We use<l a randomi1cd. single-blind. cross-over des ign to 
rnmparc the ACE with the AenK·hamber (Trude ll Medical) 
anJ asscsse<l the change in lung function achicve<l after 
inhaled bronchodilator a.s the outcome measure. 

METHODS 
Thirty subjects with reversible airflow limitation were 

stuJicd. All had shown at least 15r1,, improvement in mean 
forced expirL'U volume in I s (FEY 1) in till' three months 
beforc the stu<ly. Al I subjL'L'ls were on inhale<l corticostcroi<ls 
and ha<l been stable for at least one month before the study. 
Subjects were stu<linl on two separate <lays in one week an<l 
at the same time of day. 

On ead1 study <lay the subject withhcl<l all inhaled broncho­
<li lators for at least 6 h. Baseline llow:volume curve was 
obtained tSensormedics PFT Horiwn System 5). The best 

TABLE 1 

I'Jow:volurne curve w,1s seieL'le<l hy AmeriL·an ThoraciL· Soci­
ety stan<lards ( 16) from al k,tst three attempts. and FEY I and 
maximum cxpiratory flow al 50'/c, tY50) and 25'/c, (Y:25) of 
vital capacity werc ohtaine<l. Baseline heart ratl' was mcas­
m ecl. 

Two pulls of inhalc<l bronchodilator (sal butamol) wcrc 
then delivered using one of the spacer devices and 15 mins 
later measurements of flow an<l heart rate were repeated. 

After a third puff and a 15 min wait , and thcn a rounh pull 
an<l another 15 min wail, measurements wac again made. On 
thc sccon<l day the other spacer device was used. The order 
of use of spacer <le vice was ran<lomized. 

The inhalation tcchniquc with each spacer device was the 
same. Subjects were blin<lfol<le<l and li1L' technologist deliv ­
ered the inhaled me<lication. The spacer dcvicc was placed in 
the subject's mouth and the subject was aske<l to seal the lips 
tightly. When the subjcct, breathing quietly. was al en<l expi­
ratory lung volume the lL·chnologist actuated the MDI and 
then asked the subject to in.spire slowly to maximum infla­
tion, and hol<l their brcath for IO s. A sernnd pull was 
a<lmin istered 30 s lalL·r in the same manner. Third an<l fourth 
puffs were delivere<l individually. 

The inspiratory flow ralc was cnntrollc<l only hy the whi.s­
tling apparatus at the distal cn<l or both <lcviccs. All thc 
subjects ha<l usL'U the AnochambLT before the study and were 
familiar with the re4uircmcnt to kt'ep inspiratory Clow r,ites 
low L'nough so as not to acti vale the whistle. 

All subjects gave inforn1cd consent and tlJL· stu<ly was 
approve<l by the Hospital Research Advisory Committee. 

Data from subjects were discarded if till' baseline FEY I on 
the two study days <liffercd by more than I 0%. Student paire<l 
t test was use<l to analyze differences in FEY 1. Y50, V25 and 
heart rate after two, three and four pulls of inhaled bron­
c hod i lator. 

RESULTS 
Eighteen men an<l 12 wumcn ( mean I± SD J age 63± I 6, 

range 20 to 79 years) were stu<lie<l. The mean FEY I at 
baseline was 1.38±0.66 L (range 0.8 to J .. 1 ). Data from four 
subjects had to be <liscar<lcd becauSL' there was greater than 
10% difference in baseline FEV I on the two stu<ly days. 

Baseline lung function and changes after inhaled bronchodilator 

vso V25 

ACE Aerochamber ACE Aerochamber ACE Aerochamber 

Baseline 1.37±0.13 1.38±0. 14 0.78±0.15 0.85±0.16 0.31 ±0.23 0.32±0.28 

Not significant Not significant Not significant 
Two puffs 1.62::!.0.16 1.64±0.16 1.03±0.22 1.10±0.24 0.38:0.43 0.40±0.5 

Not significant Not significant Nol significant 
Three puffs 1.68±0.16 1.69±0.16 11 orn.27 1.15±0.27 0.39±0.48 0.41 0.51 

Not significant Not significant Not significant 
Four puffs 1.72±0.16 1.71±0.16 1.16±0.26 1.16±0.26 0.41±0.5 0.42±0.56 

Not significant Not significant Not significant 

Values are mean ± standard error of the mean. FEV1 Forced expiratory volume in 1 s: V 50 Maximum expiratory flow at 50% of vital capacity: V 25 
Maximum expiratory flow at 25% of vital capacity 
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Figure I) Forced e \},ired l'llilllnc in Is ( F!:'\11) /Jefi1re UII{/ a/ia two. 
three und/imr 1111fl.1 of' in!ialed lmmclwdilator. 011e11 bars - ,,·ith 
Aerocllll11ii1ff; l!atclwd hars - ll'ith ACF \lalues are 111ec111s plus 
Standard error 

Excluding thesL' Jala did nol affect the results of slalisliL·a[ 

analysis. DalJ from 26 suhjecls were lherefore used for lhe 
final anJlysis. 

In all subjects on bolh study days thcrL' was a signilicanl 
increase in FEY 1 (Pdl.00 I) after inhaled hronchodi lat or. 

There was no difference in the increase in FEY I on the two 
study days (P>0.25, Table L Figure I). There was also no 
difference in the change in VSO or V25 after inhalcJ broncho­
dilator with either spacer device (P>0.25, 'fable 1, Figure 2). 

There was no change in heart rale even afler four puffs of 
bronehodilalor with eilher spacer device. Wilh lhe ACE hcarl 

rale was 81.5± I 1.8 beats/min al haseline and 79.2± I 0. 7 
beats/min after bronchodilalor. Using the Aeroehamher lhc 
values were 8.lll± 12.7 and 82.J ± 1.1.1 heals/min, respectively. 

DISCUSSION 
This sluJy has shown thal in palienls wilh reversihle 

airflow limitalion inhaled bronchodilator Jelivered wilh a 
new spacer device , lhe ACE, rcsulls in increases in !low ralL'S 
thal arc equivalent to lhose achieved when using the Aero­

chamber, probahly lhe slandard spacer device in general use 
in Canada. Wilh cilher spacer device . even alkr four puffs of 
inhall'd hronchodilator. there was no increase in hca11 ralc . 
This indicalcs lhal lhc ACE delivers aclequale amounts of 
drug to lhe lung wilhoul a lcnclency lo increase adverse effecls. 

We chose to compare lhe ACE wilh the Acrochamber in 
pa11 hccausc the Acrochambcr is lhe mosl commonly used 
device, b~1t also hccause lhe si1.c of lhc spacers is similar. The 
volume of lhe ACE is 170 ml while thal of the Acrochambcr 
is 145 ml. There is no clinical advanlage lo using largc'. r 
spacers ( 17, 18). 

The ACE and the Acrocharnbcr arc structurally different 
and ycl share .,omc similarities. They hoth have one-way 

inspiratory valves al lhc proximal end and whistling adaplors 
al lhe dislal end. The ACE, however, has an entrainmcnl hole 
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Figure 2) 1Waxi11111111 e.1fiimtory.flm1· at 50% c1f'1·ital capacity (V.'iO) 
he/ill'e a11d (1/iN /lrn. three a11c/j,>11/' p1!fr1· r~ f i11/w/ed hro11chudi/al0/'. 
Ofll'll /,an -- with 1\crod111111ber; Hatched bars - with ACE. \lalucs 
11n' 111ew1s 11/11.1· sta11d11rd error 

proximal tl> the valve. We did not finJ lhat lhis enlrainmcnt 

hole affected the hronchodilalion thal was achieved even al 
very low inspiralory !low rales in s-1111c of our subjects whose 
FEY I was less than I L. 

Wilh lhc ACE lhe M DI canister ilself is placed in lhc 
adaplive opening at the proximal end of the Jcvice in frnnl of 
the inspiralory valve. Wilh lhe Acrochambcr nol only the 
canister hul lhc whole of ll1L' MDI is inserted into lhe rubher 

cap at the dislal encl of lhe device. The Aerochamhcr is 
therefore availahlc for use with all MDis whereas the ACE 
will only be applicable for canislcrs thal fit the aJaptive 
open mg. 

This stuJy was single-blind with an eye mask prcvcnling 
the suhjccl from knowing which spacer device was used: lhc 
drug was delivered by lhc leehnologisl. We used lhis 111c1hod 
hccause we were testing the spacer device, not lhc abilily of 

lhe suhject to use an MDI and spacer. 
As lhe study could not he double-blind we were concernc.d 

about lhe possihilily of technologisl hias in Jclermining 
which uf lhe three flow volume curves oblaincJ should he 

used for measuremcnls. Bias was avoided hy using American 
Thoracic Society sl:mdards lo choose lhe best now volume 
curve from which flow measurements were ohlained ( I <1). 

We used changes in airway calibre assessed by FEY I and 
V50 as lhe oulcome measure because lhcy reflccl lhc polen­
tial clinical and symplomalic benefit ln the palicnl will! air­
flow limilalion. 

Although changes in lung function were similar which­
ever spacer device was used we cannol say thal drug delivery 

lo lhc lung was necessarily lhe same wilh bolh. However, 
ralhcr lhan assl'ss pulmonary deposition in this stuJy, we 
chose to use lhc clinically relevant outcome measures of lung 

function changes. 
The study sample size is larger lhan has hcen used in mosl 

previous assessments of spacer devices, b11l the possihility of 
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a typL: II error L'Xists. However, the differences in broncho­
dilation between the two spacer devices was negligibll' and 
even if a type II stat istical error were to exist, it is unlikely to 
be clinically rekvant. 

Spacer devicL'S are now commonly recommended when 
an MDI is prescribed to improve drug delivery to the lung, 
reduce oropharyngeal side effects, and minimize the tot.JI 
dosL' of drug delivered - .111 important factor when high dose 
inhaled corticosteroids arc used. They arc particu larl y use !"ttl 
in the l'lderly anJ in childrrn. 

The ACE, a new spacer device, in combination with sal ­
butamol delivneJ rrom an MDL resulteJ in bronchoJilation 
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