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ABSTRACT We have investigated the effect of acute and long-term bronchodilator treatment on

the distribution of ventilation and perfusion in 15 asthmatics using a gamma camera, krypton-
81m (for ventilation) and technetium-99m macroaggregate (for perfusion). Individual peak
expiratory flow (PEF) values before bronchodilation were slightly or moderately below the
predicted values. The simultaneous ventilation images (analysed visually) showed areas of
delayed ventilation in all patients (mean distribution score on 3-point scale 2 1). After iso-
prenaline inhalation (240 ,g) the mean PEF increased by 24%, but the distribution of ventilation
remained virtually unchanged in all patients (mean score 2-0). Simultaneously defects in perfu-
sion could be seen in all patients (mean score 1.5). After intensive treatment, when the mean
PEF increased by a further 29%, the distribution scores of ventilation and perfusion fell to 0O8
and 0*9, respectively. The results indicate that, without intensive and long-term treatment,
appreciable inequality of ventilation and perfusion are usual consequences of asthma; and sug-

gest that although larger airways are dilated by isoprenaline inhalations residual bronchial
obstruction may still remain in some smaller airways, maintaining uneven distribution. Perfusion
disturbances seem to be secondary to changes in regional ventilation.

In asthma, as well as in other obstructive pulmonary
diseases, disturbances in the distribution of ventila-
tion are common. This has been clearly demons-
trated both indirectly-for example, by analysing
the curve of expired nitrogen concentration'-and
directly with radioactive isotopes and gamma cam-
era.2-6 Isotope studies have also revealed that obs-
tructive pulmonary diseases may cause considerable
perfusion defects.69
Acute bronchodilation induced by inhalation of

sympathomimetic agents has shown little ability to
improve regional impairment in ventilation despite
significant reduction of the overall airways obstruc-
tion.29 Furthermore, bronchodilation produced by
inhalation of isoprenaline or salbutamol has not
been able to correct hypoxaemia in asthmatics.2 10
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There have, however, been no systematic studies in
asthma dealing with the effects of long-term bron-
chodilator treatment on regional disturbances in
ventilation or perfusion, although a few cases have
been reported in which intensive bronchodilator
treatment has substantially diminished the non-
uniformity of ventilation.5

In this study we have evaluated both the effects of
acute bronchodilation, produced by inhalation of
isoprenaline, and the effects of intensive long-term
bronchodilator treatment on overall airways obs-
truction and on regional ventilation and perfusion in
asthmatics with no notable chronic bronchitis or
emphysema. In the assessment of regional ventila-
tion we have used the short-half-life isotope
krypton-81m (8'mKr) facilitating direct imaging with
a gamma camera." Thus visual comparison of the
ventilation images with those of regional perfusion,
obtained with technetium-labelled-macroaggregated
albumin (99mTc-MAA), was possible.



Effects of acute and long-term bronchodilator treatment on regional lung function in asthma

Methods

Fifteen asthmatics were studied, 11 of whom were

women. Their ages ranged from 34 to 79 years

(mean 52 years). All patients suffered from peren-

nial asthma requiring permanent medication. They
had no other significant pulmonary or cardiovascu-
lar diseases. Four patients were atopic. In 13
patients the chest radiograph showed linear shadows
in isolated areas of the lungs and one patient had
small pleural adhesions. Otherwise, the chest radio-
graphic findings were normal. In all patients
significant reversibility of bronchial obstruction
(change in peak expiratory flow rate (PEF) at least
15% from the baseline) had been found within one

year before the study either on the diurnal follow-up
of PEF, on spirometric bronchodilatation tests, or on
various bronchial provocation tests (or on two or all
three of these). All patients were non-smokers.
The variations of bronchial obstruction were

assessed by measuring PEF with a Wright peak flow
meter. The best value of at least three successful
exhalations was recorded. Regional ventilation and
perfusion were studied with a Searle gamma camera
(PHO/Gamma IV). Ventilation images were

obtained by the use of radioactive krypton-81m
isotope eluted from a Rb 8lmKr generator. The
generators used were prepared in the cyclotron of
Abo Akademi, Turku, Finland. The patients inhaled
the SlmKr gas mixed with room air via a three-way
valve at a normal respiratory rate and level (tidal
breathing). Collection of 80 000-100 000 counts for
one image took two to four minutes. The images,
which directly represent the distribution of ventila-
tion owing to the short half-life (13 seconds) of
8ImKr,II were recorded on polaroid film.
For the imaging of the distribution of pulmonary

perfusion 99mTc-MAA was injected into a cubital
vein. We collected 200 000 counts for a perfusion
image. Ventilation and perfusion images were
recorded both in the anterior and in the posterior
projection with the subject in the supine position. In
each phase of the study the PEF measurements were
obtained before the gamma camera studies. Ventila-
tion imaging always preceded perfusion imaging.
During the baseline studies the patients had mod-

erate exacerbations of asthma. In most cases the
obstruction was induced by discontinuing the bron-
chodilator treatment either totally or partially for six
to 12 hours. After measurement of PEF and the
imaging of ventilation the patients inhaled three
puffs of isoprenaline aerosol (240 gg) during
inspiratory manoeuvres from the functional residual
capacity to the total lung capacity level. Three to 10
minutes later measurement of PEF and the imaging
of ventilation were repeated and the first perfusion

images were obtained. Owing to the long biological
half-life of 99mTc-MAA, perfusion imaging could not
be done successively before and after isoprenaline
inhalation.

After the acute bronchodilatation study the patients
received intensive bronchodilator treatment for one
week in hospital. All patients were given oral
glucocorticoids in daily doses corresponding to
30-40 mg prednisolone initially, the dose being
gradually reduced during the week. In addition, 10
patients received salbutamol aerosol 5-10 mg daily,
administered by means of intermittent positive-
pressure breathing; five used salbutamol metered-
dose aerosol 0-4-0-8 mg daily; seven oral theophyl-
line, about 600-700 mg daily; six beclomethasone
aerosol in daily doses of 400 Ag; and two ipra-
tropium bromide 120 ,ug daily as a metered-dose
aerosol.
PEF and gamma camera studies (ventilation and

perfusion) were performed after the period of inten-
sive treatment, not later than two to three hours
after the last drug doses. Gamma camera pictures
were analysed visually by two of the authors inde-
pendently, who scored the degree of distribution
abnormalities from 0 to 3 using the method of Tap-
lin et al:4 0 indicates uniform distribution and 1
slight, 2 moderate, and 3 appreciable non-
uniformity. In addition, areas with ventilation-
perfusion mismatch were assessed visually. During
the picture analysis the authors did not know at
which stage of treatment the pictures were taken.
The paired t test and the x2 test were used in the
statistical analyses.

Results

The mean PEF values (+SD) and the mean distribu-
tion scores (+SD) of ventilation and perfusion dur-
ing different stages of the study are shown in the
table, which also shows the changes in PEF relative
to the baseline (A PEF) and the statistical
significances of all changes. The behaviour of the
mean PEF values and of the distribution scores at
different stages of therapy are presented graphically
in figure 1.

Before bronchodilator treatment individual PEF
values were slightly or moderately lower than the
reference values.'2 At this stage regional distur-
bances of ventilation could be seen in all patients in
the gamma pictures obtained with 81mKr; three
patients had appreciable defects affecting over half
of the pulmonary regions visible in the pictures
(score 3) and 10 patients had moderate defects
(defects of 25-50%, score 2). In 14 patients abnor-
malities in regional ventilation were observed in
both lungs. In most cases the disturbances of ventila-
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Effects ofisoprenaline inhalations (240 jAg) and long-term bronchodilator treatment on peak expiratory flow (PEF) and on
the distribution of ventilation and perfusion in 15 patients with asthma *

PEFt PEFt Ventilation* Perfusion"
(llmin) (% rise) (score) (score)

Baseline 068±93 - ?07±0-59

p<0-00l S

After isoprenaline inhalation 332T77 24±17 2.00+0O54 p<005 153±0.67

A<ftrlnP<O0OOi <0.01
After long-term treatment 429±86 60±31 b.80±0.41 NS-- *87±0.35

*The regional disturbances are assessed according to Taplin et al (1977)4 using the score from 0 to 3: 0 = uniform, 1 = slightly, 2 =
moderately and 3 = markedly nonuniform. The figures indicate the mean and standard deviation (SD). In addition, the statistical
significance of differences is indicated as probability (p) values.
t Paired t test for statistical comparison.
t Compared with the baseline.
** X2 test for statistical comparison.
NS = not significant.

450-

400-
C.

E 350-

LL 300-
w

0-

250-

200-

0

I._

.0

Is

Baseline After After
iseprenaline intensive
inhalation therapy

Fig 1 Mean PEF and the mean scores ofregional
ventilation and perfusion in 15 asthmatc patients during
different stages ofbronchodilator therapy. The scoring and

the statistical methods as in the table. x = p <0O05, xxx =p
< 0-001 when comparng the adjoining stages ofthe study.

tion could be interpreted as affecting a segment or a
smaller lung region. In addition, three patients had
ventilation defects affecting a whole lobe.

After inhalation of isoprenaline there was a
marked increase in PEF (see table and fig 1) but
regional abnormalities in ventilation were appreci-
ably alleviated in one patient only. At the same
time, non-uniform perfusion could be found in all
patients, the defects being considerable in two and
moderate in four patients. Areas with reduced
ventilation-perfusion ratios could be detected in 12
patients. Of these, two patients in addition had small
areas with increased ventilation-perfusion ratios.
Despite this, ventilation and perfusion defects were
for the most part located in the same areas. In three

patients no ventilation-perfusion mismatching could
be seen after the acute isoprenaline inhalation test.

After intensive bronchodilator treatment PEF
had increased about 60% from the baseline and
29% from the level achieved after administration of
isoprenaline. At this stage the defects in distribution
of both ventilation and perfusion had also been
significantly improved (table and fig 1). In two
patients regional lung function was regarded as per-
fectly normal. In addition, one patient showed
uniform ventilation and another patient uniform
perfusion. Slight disturbances of regional pulmonary
function were still found in 13 patients (87%) after
long-term bronchodilator treatment. Slight mis-
match of ventilation-perfusion ratios were detected
at that time in six patients only.

Figures 2 and 3 give an example of the changes in
regional lung function during different phases of the
bronchodilator treatment.

Discussion

The use of slmKr isotope in gamma camera studies of
ventilation distribution defects has proved to be sen-
sitive to even slight regional impairment of ventila-
tion'2 (see also paper by E Kaplan et al, Interna-
tional Atomic Energy Agency Symposium, Los
Angeles, 1976). Thus the detection of appreciable
disturbances in regional ventilation in asthmatic
patients before active bronchodilator treatment
therapy when the degree of overall obstruction was
slight or moderate was not unexpected. Non-
uniformity of ventilation in asthmatic patients has
been found also in some earlier studies with radioac-
tive xenon'3-Is and with 8lmKr.59
Our results clearly confirm that the distribution of

ventilation does not become more uniform after
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Fig 2 Example ofregional disturbances in ventilation,
shown by s1m Kr imaging during different stages of
bronchodilator treatment in a 46-year-old asthmatic
woman. ap = anterior projection, pa = posterior projection.
Thepictures show that after isoprenaline inhalation regional
disturbances do not diminish but, in fact, worsen in some
areas despite a substantial improvement in PEF. Only after
intensive treatment did the distribution become uniform. A:
basal PEF 250 llmin,; B: after isoprenaline PEF 315 l/min,
C: after intensive treatment PEF 475 llmin.

acute isoprenaline inhalations,29 although overall

obstruction is substantially reduced, as indicated by
the increase in PEF. In two patients ventilatory
defects even intensified to some extent after iso-
prenaline administration (fig 2). It is evident that
inhaled isoprenaline aerosol does not reach ob-
structed peripheral bronchi readily.16 It concentrates
the bronchodilating effect of isoprenaline mainly on
fairly large bronchi, which make the principal
contribution to airways resistance. As regional
perfusion defects were somewhat smaller than
regional ventilation defects after administration of
isoprenaline, the main type of regional mismatch
was a decreased ventilation-perfusion ratio. This
may reflect the earlier observations that hypoxaemia
often persists after acute bronchodilator medication
in asthmatic patients.210 The disturbances found in
the ventilation-perfusion ratio are contrary to those
found in pulmonary embolism, in which the ratio is
as a rule increased in the affected area.67

B ap pa

Fig 3 Example of defects in regional perfusion, shown by
99mTc macroaggregate imaging, in the same patient and
during the same bronchodilatation test as in fig 2. Abnormal
regions ofperfusion after isoprenaline inhalation correlate
with disturbed regions ofventlation, the latter being slightly
more severe in some areas. After intensive bronchodilator
treatment the distributions are almost uniform. A: after
isoprenaline PEF 315 llmin; B: after intensive treatment
PEF 475 llmin.

The notable improvement in regional ventilation
after intensive bronchodilator treatment, with addi-
tional improvement of PEF values, indicates that
besides further bronchodilation of larger airways
there was also appreciable dilatation of the segmen-
tal and smaller bronchi that were obstructed earlier.
Although the individual PEF values were restored
to normal after intensified treatment, slight non-
uniformity in ventilation could be detected in 87%
of the patients. No patient, however, showed more
serious regional disturbances at this stage. These
findings imply that many asthmatic patients receiv-
ing continuous medication may have some pulmon-
ary areas of delayed ventilation even during remis-
sions.
The notable reversal of regional perfusion distur-

bances after intensive bronchodilator treatment
reflects the physiological and reversible nature of
the disturbances.17-19 This is also confirmed by the
finding that perfusion disturbances, both before and
after intensive treatment, were for the most part
situated in the same areas as the disturbances in
ventilation and were only slightly more limited than
those found in cases of ventilation-perfusion mis-
matching. Even after the intensive treatment for one
week, however, 40% of patients had mild distur-
bances in ventilation-perfusion ratios that could
contribute to hypoxaemia.210 It is not possible to
determine on the basis of the present results
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whether isoprenaline or the other sympathomimetic
drugs administered also had a direct vasodilator
effect in the regions of disturbed circulation,
although such an effect has been seen in animal
experiments.20
The results indicate that asthmatics as a rule have

regional disturbances in ventilation and perfusion
during the phase of obstruction. It is also obvious
that acute inhaler treatment cannot remedy the reg-
ional disturbances in pulmonary function, despite
appreciable alleviation of overali bronchial obstruc-
tion. Intensive bronchodilator treatment, however,
seems to diminish considerably the regional distur-
bances of both ventilation and perfusion.

This study has been supported by Finnish Founda-
tion for Allergy Research and the Sigrid Jusdlius
Foundation.
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