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Aero sols have gained wide ac cep tance over the past 10
years for the treat ment of ob struc tive dis eases. How ever,
much con tro versy still ex ists about their use and mode of
ad mini stra tion in the set ting of in ten sive care units for in tu -
bated pa tients. The cur rent lit era ture was re viewed ad dress -
ing the fol low ing ques tion: In in tu bated and me chani cally
ven ti lated pa tients with air way ob struc tion, should bron -
cho di la tor aero sols be de liv ered through a metered- dose in -
haler (MDI) or a nebu lizer in or der to re duce com pli ca tions
as so ci ated with high air way re sis tance? Most of ten in ves ti -
ga tors have ex am ined, in un con trolled tri als, the ef fect of
bron cho di la tor aero sols ad min is tered ei ther through MDIs
or nebu liz ers in lung mod els, or in popu la tions of pa tients
with het ero ge ne ous con di tions. An ex tremely wide range of 
bron cho di la tor dos ages has been stud ied. Clini cal out -
comes have con sisted of ei ther drug depo si tion or lung me -
chani cal char ac ter is tics. Only three ran dom ized con trolled
tri als com par ing the ef fects of bron cho di la tor aero sols de -
liv ered through a nebu lizer to those de liv ered through an
MDI have been pub lished, with out clearly dem on strat ing

the su pe ri or ity of one mode of ad mini stra tion over the
other. There is a need for ran dom ized con trolled tri als com -
par ing the ef fect of bron cho di la tor aero sols de liv ered
through nebu lizer ver sus MDI on the in ci dence of
ventilator- associated com pli ca tions in me chani cally ven ti -
lated pa tients with ob struc tive lung dis eases.
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La ques tion non réso lue de l’ad min is tra tion
des bron cho dila ta teurs en aé ro sols chez les pa -
tients ven tilés mé canique ment
RÉS UMÉ : Bien que depuis plus de dix ans, les aé ro sols
soi ent large ment ac ceptés dans le traite ment des mala dies
pul mon aires ob struc tives, leur utili sa tion ainsi que leur
mode d’ad min is tra tion aux soins in ten sifs chez les pa tients
in tubés de meurent con tro versés. Nous avons revu la litté ra -
ture ac tu elle con cer nant la ques tion suivante: « Chez les pa -
tients souf frant d’ob struc tion bron chique in tubés et ven tilés 
mé canique ment, devrait- on ad min is trer les aé ro sols de
bron cho dila ta teurs via un aérosol- doseur ou un né bu li seur
dans le but de réduire les com pli ca tions re liées à l’aug men -
ta tion de la résis tance des voies aé ri ennes? » Le plus sou -
vent, des études sans groupe témoin évaluant l’ef fet des
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In 1995, the res pi ra tory thera pists of the Cen tre de Pneu -
molo gie, Ste- Foy, Que bec de liv ered 6000 bron cho di la tor

aero sol treat ments to pa tients re ceiv ing me chani cal ven ti la -
tion. These treat ments were evenly dis trib uted be tween
nebu li za tion and ad mini stra tion by a metered- dose in haler
(MDI). Al though aero sols have gained wide ac cep tance over
the past 10 years for the treat ment of ob struc tive dis eases (1), 
much con tro versy still ex ists about their use and mode of ad -
mini stra tion in the set ting of in ten sive care units for in tu -
bated pa tients (2).

In an ef fort to de ter mine which of the two ad mini stra tion
op tions to adopt, we re viewed the cur rent lit era ture on this
spe cific ques tion: In in tu bated and me chani cally ven ti lated
pa tients with air way ob struc tion, should bron cho di la tor
aero sols be de liv ered through MDI or nebu lizer in or der to
re duce com pli ca tions of high air way re sis tance?

At least three over views have ad dressed the is sue of aero -
sol de liv ery to in tu bated pa tients (3-5). All are broad nar ra -
tive re views based on in for ma tion re trieved from un speci fied 
search ing meth ods. The merit of the most re cently pub lished
re view (5) was to sum ma rize a con sid er able amount of in for -
ma tion in a tabu lar form. Our own lit era ture search from
1984 to 1995 in MED LINE us ing ‘aer osols’ and ‘m echan ical 
ven ti la tion’ as search terms pro vided ad di tional rele vant pa -
pers pub lished there af ter (6-11), re flect ing the con tinu ing in -
ter est in this ques tion. We have been struck, how ever, by the
het ero ge ne ity of the stud ies and the pau city of tri als that pro -
vide di rect evi dence to an swer this ques tion best. By di rect
evi dence, we mean ran dom ized con trolled tri als (meth od ol -
ogy) com par ing the ef fects of bron cho di la tor aero sols de liv -
ered through a nebu lizer with those de liv ered through an
MDI (in ter ven tion) in me chani cally ven ti lated pa tients with
ob struc tive dis ease (popu la tion), with the aim of re duc ing
com pli ca tions re lated to high air way re sis tance (out come).
Thus, these dif fer ent com po nents of the ques tion will be ex -
am ined in or der to evalu ate the strength of the avail able evi -
dence.

POPULATION
Labo ra tory stud ies of aero sol depo si tion in lung mod els

(11- 14) have sig nifi cantly con trib uted to the tech ni cal de vel -
op ment of aero sol ad mini stra tion in me chani cally ven ti lated
pa tients. How ever, we may rec og nize the fol low ing limi ta -
tions: first, most lung mod els ig nore ana tomi cal, physio logi -
cal, patho logi cal and other tech ni cal fac tors de ter min ing the
air way de liv ery of aero sols; sec ond, in vi tro aero sol depo si -

tion at the ex trem ity of the en do tra cheal tube does not nec es -
sar ily im ply in vivo ac tion of the drug; and third, labo ra tory
stud ies in lung mod els tend to over es ti mate in vi tro de liv ery
of aero sol ized so lu tions (15). Thus, such stud ies can of fer
only in di rect evi dence that one de liv ery method is su pe rior to 
the other when used in clini cal prac tice.

Study popu la tions in un con trolled stud ies or clini cal tri als
of aerosol- generator de vices have been re marka bly het ero ge -
ne ous and the number of sub jects lim ited. In ad di tion to pa -
tients with ex ac er ba tion of chronic ob struc tive pul mo nary
dis ease (COPD) or asthma, these popu la tions have in cluded
pa tients with car dio genic pul mo nary edema, Guillain- Barré
syn drome (16), adult res pi ra tory dis tress syn drome, bron -
cho genic car ci noma (17), pul mo nary em bo lism (18), ky -
phosco lio sis and mus cu lar dys tro phy (7); for these
con di tions, the need for bron cho di la tor ther apy is only em -
piri cal. It should be stressed, how ever, that bron cho di la tors
in me chani cally ven ti lated pa tients with COPD have never
been shown to al ter any clini cal out come (19). In at least one
study, all pa tients were re ceiv ing pro longed me chani cal ven -
ti la tion via tra cheostomy (7). Con se quently, what ever the
out come (aero sol depo si tion or change in lung me chan ics),
the gen er aliz abil ity of most re sults seems to be ques tion able
on at least two scores. First, when aero sol depo si tion is meas -
ured, dis tri bu tion of ven ti la tion in pa tients with any of these
con di tions is likely to dif fer from that in pa tients with asthma
or COPD. Sec ond, re sponse to bron cho di la tors in pa tients
with non ob struc tive pul mo nary dis ease is gen er ally not ex -
pected, which lim its the va lid ity of lung me chan ics as an out -
come meas ure.

INTERVENTION
Also of con cern were the tre men dous dis simi lari ties

among the vari ous stud ies’ drug regi mens and dos ages, as
well as their tech niques of ad mini stra tion for both nebu liz ers
and MDIs. In stud ies that meas ured aero sol depo si tion, so lu -
tions of ra dio la belled dieth yle ne tria mine pen taacetic acid
(DTPA) (16), se rum al bu min (7,20) and fe noterol (6,17)
were used. The ef fects of sal bu ta mol (9,10,18,21,22), fe no -
terol (6,17), meta protere nol (16) and ipra tro pium bro mide
(8,21) have been in ves ti gated. When de liv ered by nebu lizer,
doses of sal bu ta mol ranged from 2.5 mg (22) to 15 mg (18);
when de liv ered by MDI, doses of sal bu ta mol ranged from
200 µg (two puffs) (21) to 9 mg (100 puffs) (18). No clear
dose- response ef fect was ob served across stud ies; an im -
prove ment in lung me chan ics was ob tained with the low est
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bron cho dila ta teurs en aé ro sols ad min is trés par aérosol-
 doseurs ou né bu li seurs ont été ef fec tuées sur di vers
modèles pul mon aires ou chez des popu la tions hé té rogènes
de pa tients. Des doses ex trême ment variées de bron cho -
dila ta teurs ont été étu diées. En fin, les vari ables à l’étude
ont con sisté en une me sure de la dépo si tion pul mon aire du
médica ment ou de paramètres mé caniques. Seule ment trois 
es sais clin iques ran domisés com par ant les ef fets des bron -

cho dila ta teurs en aé ro sols ad min is trés par aérosol- doseurs
ou par né bu li seurs ont été pub liés, au cun d’en tre eux
n’ay ant pu démontrer claire ment la supé ri orité d’un mode
d’ad min is tra tion par rap port à l’autre. Des es sais clin iques
ran domisés com par ant l’ef fet des aé ro sols de bron cho dila -
ta teurs ad min is trés par aérosol- doseur ou par né bu li seur sur 
l’in ci dence des com pli ca tions re liées à la ven ti la tion mé -
canique chez des pa tients ven tilés at te ints de maladie ob -
struc tive sont né ces saires.



ad min is tered dose of sal bu ta mol (21), whereas no ef fect fol -
lowed the ad mini stra tion of the high est dose of the same drug 
(18). Some authors have also sug gested that dos age should be 
ti trated against the physio logi cal ef fects (5). How ever, to do
so, cli ni cians should be able to rely on sim ple, valid and sen -
si tive physio logi cal meas ures.

De tailed de scrip tions of nebu lizer, nebu lizer po si tion, di -
lu ent vol ume, MDI adapt ers, spacer, en do tra cheal tube, ven -
ti la tor and ven ti la tory pa rame ters have of ten been lack ing.
Yet, these con di tions have been shown to in flu ence drug
depo si tion in both lung mod els (13) and pa tients (6).

OUTCOME
The usual meth ods for as sess ing air way depo si tion of

drugs are ob ser va tion of physio logi cal changes in lung me -
chan ics and nu clear scan ning of la belled medi ca tion (23).
The con cen tra tion of sal bu ta mol at the dis tal tip of the en do -
tra cheal tube has also been meas ured by spec tro pho tomet ric
tech nique in one study us ing a lung model (14). How ever, as
men tioned above, aero sol depo si tion may pro vide only in di -
rect evi dence of the ef fec tive ness of the drug. Once the drug
has reached the site of ac tion, the fi nal re sponse surely de -
pends, among other fac tors, on re cep tor dis tri bu tion (24) and
drug in ter ac tions.

Physio logi cal re sponses thus pro vide the most di rect
means of de ter min ing the ef fi cacy of aero sol ized agents.
How ever, the choice of the most ap pro pri ate out comes has
raised some con tro ver sies. Peak pres sure (8,10,16- 18,21),
ex pi ra tory flow rate (16,22), air way re sis tance (8,16), pla -
teau pres sure (8,10,18,21), re sis tive pres sure (8,18,21), in -
trin sic posi tive end- expiratory pres sure (PEEP) (10,21) and
com pli ance of the res pi ra tory sys tem (8) have all been used
as meas ures of out come. The con tri bu tion of the en do tra -
cheal tube, how ever, has sel dom been taken into ac count in
es ti mat ing pres sure changes (25). Even if re duc tion of peak
pres sure and in trin sic PEEP have been found most valu able
as evi dence of bronchodilator- induced changes in lung func -
tion dur ing con trolled me chani cal ven ti la tion (26), Fuller and 
col leagues (17) ap pro pri ately pointed out that pa tients re -
ceiv ing bron cho di la tors in an in ten sive care set ting may have 
only mini mally re versi ble air flow ob struc tion dur ing the ex -
ac er ba tion of their dis ease. Fur ther more, no in for ma tion ex -
ists about the real ef fi cacy of bron cho di la tion in re duc ing
ventilator- associated com pli ca tions (ba ro trauma and no so -
comial in fec tions) (27) and du ra tion of ven ti la tory sup port,
which could be con sid ered highly rele vant out comes.

METHODOLOGY
Among full re ports (ex clud ing ab stracts) of ran dom ized

tri als of nebu lizer ver sus MDI to de liver bron cho di la tor aero -
sols in me chani cally ven ti lated pa tients, only three tri als
were found that di rectly ad dressed this re view’s ini tial ques -
tion: one ran dom ized con trolled trial with par al lel groups
(17) and two cross over tri als (18,22). Fuller et al (17) com -
pared the depo si tion, as well as the physio logi cal ef fect,
of ra dio labelled fe noterol when it was de liv ered ei ther from
an MDI cou pled to a hold ing cham ber or from a jet nebu lizer

in 21 ventilator- dependent pa tients. Six teen pa tients (seven
re ceiv ing fe noterol by MDI and nine re ceiv ing the drug by jet 
nebu lizer) were ac counted for in the fi nal analy sis. Eight suf -
fered from chronic air flow limi ta tion. Even though drug
depo si tion was sig nifi cantly greater in the MDI group, peak
in spi ra tory pres sure did not change sig nifi cantly from base -
line val ues in ei ther group, clearly dem on strat ing that ra dio -
ac tiv ity depo si tion cor re lates poorly with physio logi cal
out comes.

In a ran dom ized cross over trial, Man thous et al (18) in ves -
ti gated the ef fect of up to 15 mg of sal bu ta mol de liv ered by
nebu lizer ver sus up to 100 puffs of the same drug de liv ered
by MDI. The MDI adapter was at tached di rectly to the en do -
tra cheal tube, with out any spacer. No change in re sis tive
pres sure was ob served in the MDI group, whereas a sig nifi -
cant re duc tion was ob served with only 2.5 mg of sal bu ta mol.
The im por tance of the use of a spacer de vice was later ac -
knowl edged by the same group (9). Fi nally, in a ran dom ized
cross over trial in clud ing 18 in tu bated pa tients with air way
ob struc tion, Gay et al (22) found that 270 µg of sal bu ta mol
from an MDI and 2.5 mg of sal bu ta mol de liv ered through a
nebu lizer were equally ef fec tive in in creas ing pas sive ex pi ra -
tory flow rate. Both sys tems were, how ever, only briefly de -
scribed.

We must rec og nize the pau city of di rect evi dence sup port -
ing the con clu sion that MDIs are more ef fec tive than nebu liz -
ers in de liv er ing bron cho di la tor aero sols to in tu bated,
me chani cally ven ti lated pa tients with air way ob struc tion.
How ever, this ob ser va tion should proba bly not dis cour age
the use of the MDI/spacer to de liver bron cho di la tor aero sols
in an in ten sive care set ting – in the ab sence of evi dence fa -
vour ing su pe ri or ity of nebu liz ers over MDIs, fi nan cial con -
sid era tions (3,17) might prompt cli ni cians to adopt the lat ter.
How ever, ran dom ized con trolled tri als are clearly war ranted
to com pare the ef fect of bron cho di la tor aero sols de liv ered
through nebu lizer ver sus MDI in me chani cally ven ti lated pa -
tients with ob struc tive lung dis eases in or der to im prove pul -
mo nary gas ex change and to re duce ventilator- associated
com pli ca tions and du ra tion of ven ti la tory sup port.
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