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ABSTRACT: The increase in forced expiratory volume in one second (FEV 1) 

seen in asthmatics after inhalation of isotonic saline was studied in a blind, 
cross-over investigation of 24 consecutive out-patients presenting with reversible 
chronic airway obstruction. Forced expiratory manoeuvres allowing the 
measurement of FEY 1 and forced vital capacity (FYC) were performed at six 
time intervals during a period of one hour according to the following regimes: 
inhalation of terbutaline by means of a Pari-inhalier Boy for JO min; inhalation 
of isotonic saline under the same conditions; inhalation of ambient air under the 
same conditions (placebo with noisy nebulizer); inhalation of air without the 
nebulizer (non-treatment) in order to determine whether the impact of treatment 
by a nebulizer inHuences the measured lung function. A statistically significant 
increase in FEY 1 was observed after each of the four regimes. The increase was 
large following terbutaline inhalation. After the other three regimes, it was 
significantly smaller and of about the same magnitude in each case. The 
increase in FEY 1 after the non-treatment regime was unexpected and could 
possibly be due to the repeated dynamic spirometry. The increase in FEY 1 after 
isotonic saline and ambient air (noisy nebulizer) did not differ from the increase 
after the non-treatment regime. We conclude that neither isotonic saline nor the 
impact of treatment with a noisy nebulizer have a measurable effect on lung 
function. 
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Isotonic saline is frequently employed as a placebo 
in studies of bronchodilating aerosols [1]. The 
inhalation of isotonic saline aerosol has given statisti
cally significant increases in forced expiratory volume 
in one second (FEV 1) in asthmatics (2]; the cause of 
this is unknown. A possible explanation might be that 
the inhaled saline normalizes the osmotic pressure in 
the bronchial mucosa, which may be abnormal in 
asthmatics [3). Another suggested explanation is the 
psychological impact of receiving treatment from a 
noisy machine [2]. 

The object of this study was to investigate the effect 
of inhalation of isotonic saline in patients with 
chronic bronchitis and chronic reversible airway 
obstruction and to compare it with inhalation of 
ambient air via a noisy nebulizer and with non
treatment. In order to demonstrate the reversibility of 
the bronchial obstruction, a regime of terbutaline 
aerosol was included. 

Patients and methods 

T he investigation included 24 consecutive out
patients presenting at a lung clinic during the period 
1st April, 1984 to 1st May, 1985. The FEV 1 of all the 
patients was < 70% of the predicted normal value [4], 

their FEV 1 increase was at least 20% following the 
inhalation of terbutaline 5 mg, and they all complied 
with the criteria for simple chronic bronchitis [5). T he 
patients were all in a stable phase of the disease. 
Patients treated with steroids or who had been under 
treatment with a nebulizer at home were not included. 
The investigation was approved by the local ethical 
committee and all patients gave informed consent. 

The patients were randomized according to the 
Latin-square-method for treatment on four consecu
tive days with four different regimes: 

1) Terbutaline. The patient inhaled nebulized terbu
taline 2.5 mg · ml- 1

, 2 ml via a Pari-inhalier Boy. The 
treatment was given double-blind and the patient 
considered the treatment to be a nebulized bronchodi
lator. 

2) Isotonic saline. T he patient inhaled nebulized 
isotonic saline, 2 ml via a Pari-inhalier Boy. T he 
treatment was given double-blind and the patient 
considered the treatment to be a nebulized bronchodi
lator. 

3) Ambient air (placebo). The patient inhaled 
ambient air for 10 min via a Pari-inhalier Boy. The 
nebulizer produced its normal noise during each 
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inspiration as under regimes I and 2. The nebulizer 
was connected to a manometer on a gas-bottle, which 
contained atmospheric air. The flowmeter was ad
justed to give 5 /·min- 1

• There was .no .actual 
connection between the gas bottle and the msp1ratory 
line. This regime could not be carried out double
blind, but it was our impression that the patients 
thought that they were receiving treatment with a 
gaseous bronchodilator. 

4. Non-treatment. The patient respired through a 
mouthpiece taken from a Pari-inhalier Boy for 10 
min. All the patients were informed that on this day 
they would not be subjected to treatmen~, but th~t the 
regime was carried out in order to obtam a basis for 
comparison of the three types of treatment. Th~s, the 
difference between regimes 3 and 4 was that m the 
latter the patients were aware that they were not 
receiving treatment and the noisy nebulizer had be~n 
turned ofT. The regime was open, but the nurse m 
charge of the spirometry did not know whether or not 
the patient was receiving treatment. 

In all four regimes the patients were asked to 
inspire somewhat more deeply than normal and, if 
possible, to hold their breath for a mom~nt before 
expiration. All the regimes were of approxunately 10 
min duration. All the patients had agreed not to use 
theophylline or sustained release terbutaline tablets 
for a period of 48 h prior to the investigation, or. to 
use a beta-stimulator in the usual tablet formulation 
for 12 h or sprays for 4 h beforehand. Before the 
investigation, the patients were informed in writing 
that on two days they would be treated by means of a 
nebuli7.ed bronchodilator and on one day by means of 
a gaseous bronchodilator. 

In order to minimi:£e the dispersion of the results, 
the various regimes were carried out at the same time 
of day. The same physician and nurse were employed 
for all tests on individual patients. 

The spirometry was carried out by a nurse in a 
separate room. In order to ensure that the investiga
tion was blind with respect to the nurse, both the 
patient and the nurse were instructed ~ot to discuss 
the regime employed that day. The Spirometry was 
carried out using a Vitalograph spirometer with a 
P.F.T. Printer. Each measurement consisted of a 
number of forced expiratory manoeuvres from maxi
mal inspiration, sufficient to produce three technically 

Table 1. -Anthropometric and lung function data for the 24 
patients (3 females and 21 males) studied. The predicted 
volumes are obtained from [4} 

----------------· 
Mean SD 

Age yrs 64.0 9.0 
Height cm 169.0 7.9 
FEY

1 
I 1.16 0.46 

FEY
1 

%pred % 43.5 16.3 
PVC I 2.39 0.7 
FYC%prcd % 65.3 14.9 

satisfactory curves; the two largest had to be almost 
identical (6]. The largest values of forced vital 
capacity (FVC) and FEV 1 were employe? for the 
calculations. Spirometry was performed pnor to, as 
well as 0, 5, 15, 30, 45 and 60 min after, each regime. 
The basic data of the patients is shown in table I. All 
the patients completed the investigation. 

Statistical methods 

The analysis showed no periodic or carry-over 
effect, and for this reason paired tests were employed 
whenever possible. The t-test for two related samples 
was used. The Bartlett test demonstrated variance 
inhomogeneity following comparison of the four 
regimes and therefore the Friedman test for 
K-relat~d samples was used. The difference was 
considered statistically significant with a value of 
p < 0.05. Spirometry was carried out six tim:s after 
each regime; therefore under the n~ll-h~pot~esis.ofn.o 
real change in lung volumes, a bmom1al Situation ts 
present. At least two positive test results (p<~.OS) are 
required in this situation in order to repudiate the 
null-hypothesis, if a maximum risk of 5% for a type-I 
error is to be accepted. 

Results 

No significant difference was found between the 
initial values on the four study days. 

After inhalation of terbutaline, all measurements of 
FEV 1 and FVC increased significan~Jy .as compared 
to the initial values (table 2). Thts mcrease was 
observed at each measurement, and was statistically 
of greater significance than the increase afte.r the 
other three regimes in respect of both vanables 
(p~0.002). 

After inhalation of isotonic saline, ambient air and 
the non-treatment regime, FEV 1 increased signifi
cantly as compared to the initial values (fig. 1). There 
was no statistically significant difference between the 
three regimes. 

FVC increased, although only just significantly, 
after isotonic saline, but not after ambient air and 
non-treatment (fig. 2). No statistically significant 
difference was found between the three regimes. 

Discussion 

As expected, FEV 1 and FVC increased significantly 
after the inhalation of terbutaline, and the increase 
was greater than that following is?tonic ~ali~e, 
ambient air and the non-trea!,_ment regime. A Slgmfi
cant increase in FEY 1 after inhalation of isotonic 
saline was also found in this study. However, this 
increase did not differ significantly from the increase 
after the ambient air regime. This indicated that a 
specific effect of isotonic saline is highly improbable. 

FEV 1 increased significantly in relation to the 
initial value after the ambient air regime; this was not 
significantly different from the non-treatment regime. 
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Table 2. - P-values from paired t-test of the forced lung volumes after the four regimens, as compared to initial values. 

Omin 5min 15 min 

FEVI 

Terbutaline <0.001 <0.001 <0.001 
Isotonic saline 0.18 0.11 0.033 
Ambient air 0.27 0.026 0.090 
Non-treatment 0.13 0.012 0.001 

PVC 

Terbutaline <0.001 <0.001 <0.001 
Isotonic saline 0.45 0.10 0.24 
Ambient air 0.23 0.76 0.47 
Non-treatment 0.44 0.42 0.28 

Change (%) 
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Fig. I. The forced expiratory volume in one second following the 
four regimes, mean values. 

This therefore suggested that the placebo effect, which 
we understood to result from treatment with a noisy 
machine, does not in itself affect the forced lung 
volumes. 

The increase in FEV 1 after the non-treatment 
regime is not easily explained. Three forced expira
tory manoeuvres (FEM) were performed at each lung 
function test. A dynamic compressio.n occurs with 
FEM which might clear secretions from the central 
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Fig. 2. The forced vital capacity following the four regimes, mean 
values. 

airways [7]. The flow resistance is reduced when the 
secretions in the central ai.r:ways are cleared by means 
of physiotherapy [8]. All of our patients suffered from 
chronic bronchitis and coughing and expectoration 
were often observed during the lung function 
measurements. The increase in FEV 1 may therefore 
be seen as an expression of an increased flow due to 
reduction in the quantity of secretion in the central 
airways. If this explanation is correct, the increase in 
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FEV 1 after regimes 2, 3 and 4 must be induced by the 
measurements themselves. 

It is conceivable that the increase seen in FEV 1 was 
due to airway dilation following lung inflation 
(ADFLI). However, ADFLI appears immediately 
after a deep inspiration and is not increased by 
multiple deep inspirations [9], therefore the contribu
tion of ADFLI to the measured FEV 1 was already 
present in the baseline data as each lung function 
consisted of three FEM and the best reading was 
chosen. Thus, ADFLI cannot explain the observed 
increase in FEV 1. 

Another possible explanation of the increase in 
FEV 1 is the effect of learning. The following facts do 
not support this hypothesis. Firstly, FEV 1 still 
increased significantly from zero to five min after the 
regime (non-treatment: p = 0.032; ambient air: 
p<O.OO I; isotonic saline: p<O.OOI). At this time 
interval the patient had already produced six techni
cally satisfactory curves within the last 15 min. 
Secondly, the effect of learning would be expected to 
have its greatest influence on the first day in a series of 
four, but no statistical significance was found when 
the increase in FEV 1 was tested against the numerical 
order of the days in the sequence (p > 0.6). 

Finally, an increase due to diurnal variation could 
be considered. It seems improbable that a significant 
increase in FEV 1 during I 0 m in in the middle of the 
day and again during the next 5 min could be 
explained by diurnal variation alone. 

ScoTT and KONG (10] studied asthmatics with 
normal lung function and found no effect of inhala
tion of isotonic saline on repeated dynamic spirome
try, but when FEV 1 was reduced due to histamine 
challenge there was a systematic increase in FEV 1, 

measured during the second FEM as compared to the 
first. Their findings are thus in accordance with our 
results. 

Conclusions 

Inhalation of isotonic saline does not in itself have 
any broncholytic effect and must still be considered to 
be a well-suited inactive reference in studies of 
broncholytic aerosols. 

The psychological effect obtained from believing 
that an airways dilatating treatment has been given 
via a Pari-inhalier Boy does not affect the forced lung 
volumes. 

The increase in FEV 1 after non-treatment, ambient 
air and inhalation of isotonic saline could possibly be 
due to the repeated forced expiratory manoeuvres. 

The increase in FEV 1 after the non-treatment 
regime was somewhat unexpected, and further studies 

are necessary in order to confirm that this effect is due 
to repeated dynamic spirometry. 
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RESUME: L'augementation du VEMS, observee chez les asthma
tiques apres inhalation de solution saline isotonique, a et<: ctudiee 
dans une investigation aveugle avec permutation croisee, chcz 24 
patients consecutifs se prcscntant en consultation avec une 
obstruction chronique reversible des voies aeriennes. Lcs man
oeuvres expiratoires forcce, permettant la mcsure du VEMS et de la 
capacite vitale forcee. ont etc cxecutees a six reprises pendant une 
periode d ' une heure apres les traitcments suivants pour determiner 
si !'impact du traitement par le nebuliseur inllue les valcurs 
fonctionnelles: inhalation de tcrbutaline au moyen d'un nebuliseur 
Pari Boy pendant 10 minutes; inhalation de solution saline 
isotonique dans les memcs conditions; inhalation d'air ambiant 
dans les mcmes conditions (placebo avcc nebuliseur bruyant); 
inhalation d'air sans nebuliseur (absence de traitement). Chacun 
des traitements a entralne unc augmentation statistiquement 
significative de VEMS. L'augmentation a ete marquee apres 
terbutaline. Apres les trois autres types de traitement, clle s'avere 
significativement plus faible, et cnviron du memc ordre de 
grandeur. L'augmentation du VEMS apres le regime sans traitc
ment est inattendue et pourrait trouver une explication dans 
!'execution repctee de spirometries dynamiques. L"augmentation de 
VEMS apres solution saline isotonique et inhalation d'air ambiant 
au !ravers d 'un nebuliseur bruyanl n'est pas statistiquement 
differente de !'augmentation apres le regime sans traitemcnt. On 
conclut done que ni la solution saline isotonique, ni !'impact du 
traitement avec un nebuliseur bruyant, n'ont par eux-memes un 
effet mesurable sur la foncti on pulmonaire. 


