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Acute lobar atelectasis: A comparison of five

physiotherapy regimens

Kathy Stiller, Sue Jenkins, Ruth Grant, Tim Geake, James Taylor

and Bob Hall

Thirty-five patents with acute lobar atelectasis were allocated to one of five
treatment groups (seven patients per group). Intubated patients received manual
hyperinflation and suction with or without the addition of postural drainage or
modified postural drainage and chest wall vibrations. For the non-intubated
patients, deep breathing, coughing and huffing replaced the techniques of manual
hyperinflation and suction. Frequency of treatment ranged from hourly for 6 h for
four groups, to one treatment only for the fifth group. The results suggest that
modified postural drainage is an effective additional component to manual
hyperinflation and suction performed hourly for 6 h. The addition of chest wall
vibrations to this treatment regimen did not further enhance the response to
treatment, nor did the use of traditional postural drainage positions. There was
evidence that hourly treatment for 6 h using modified postural drainage, manual
hyperinflation and suction was more effective than one treatment only,

INTRODUCTION

Acute lobar atelectasis (ALA) 1s most often en-
countered in critically ill patients and is thought
to result from airway obstruction, decreased
regional ventilation and/or decreased pulmonary
compliance. Because of the adverse effects on
recovery of the potential complications of per-
sistent ALA, which are said to include hy-
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poxaemia, bronchopulmonary infection and pul-
monary fibrosis, an aggressive approach towards
the treatment of ALA has been advocated (Ma-
rini, Pierson and Hudson, 1979). Marini et al
(1979) showed that fiberoptic bron-
choscopy did not add to the effectiveness of
physiotherapy (postural drainage, percussion, hy-
perinflation and suction) in the treatment of ALA.
Johnson, Marini, Pierson and Hudson (1987), in
a preliminary investigation into which com-
ponents of physiotherapy were effective in the
treatment of ALA, reported that postural drain-
age and percussion did not add to the effect-
iveness of deep breathing and coughing., Our
initial study (Stiller et al, 1990) found that, at
least initially in the course of ALA, modified
postural drainage and wvibrations performed
hourly for 6 h significantly increased the effect-
iveness of a treatment of manual hyperinflation

initial
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and suction. The aim of the present study was
to investigate further which components of
physiotherapy are effective in the treatment of
ALA. The questions addressed were as follows:
(1) Could vibrations be omitted from a treatment
of modified postural drainage, manual hy-
perinflation and suction without loss of effect?
(2) Would traditional postural drainage enhance
the response to treatment? (3) Would one treat-
ment be as effective as hourly treatment for 6 h?

To allow a comparison of the results, selected
methodology and data from the study by Stiller
et al (1990) were replicated in this paper.

MATERIALS AND METHODS

Patients

All patients admitted with, or who developed,
ALA while in the intensive care unit or high
dependency unit of the Royal Adelaide Hospital,
were considered for inclusion in the study. The
ALA was diagnosed by two radiologists and de-
fined as ‘volume loss conforming to a char-
acteristic pattern (radiographic density, fissure
displacement, mediastunal shift, diaphragmatic
elevation, and compensatory hyperinflation)’
(Marini et al, 1979). Patents were excluded if
they were unable to lie on their side with the bed
flat, or if ALA was due to obstruction by a tumour
or incorrect placement of an endotracheal tube.
As ALA involving the left lower lobe after cor-
onary artery surgery is believed to have an aeti-
ology and course which is unique to that
condition (Benjamin et al, 1982; Large et al,
1985; Markland et al, 1983), patients with ALA
of the left lower lobe after coronary artery surgery
were also excluded. As the treatment for non-
intubated patients required their cooperation,
non-intubated patients with a decreased con-
scious state were excluded. The study was ap-
proved by the Human Ethics Committee of the
Royal Adelaide Hospiral.

Groups

In the inital study (Stiller et al, 1990), patients
were alternately allocated to one of two groups

(Groups 1 and 2). In this follow-up study, patients
were randomly allocated to one of three groups
(Group 3, 4 or 5).

e Group I: treatment consisted of manual hy-
perinflation and suction performed hourly for
6 h.

e Group 2: patients received modified postural
drainage and chest wall vibrations in addition
to manual hyperinflation and suction per-
formed hourly for 6 h.

e Group 3: treatment comprised modified pos-
tural drainage (but not vibrations) in addition
to manual hyperinflation and suction per-
formed hourly for 6 h.

e Gmup 4: patients received postural drainage,
manual hyperinflation and suction performed
hourly for 6 h.

® Group 5: patients received the same treatment
as for Group 3 patients (modified postural
drainage, manual hyperinflation and suction)
but received one treatment only.

For non-intubated patients, deep breathing,
coughing and huffing replaced manual hy-
perinflation and suction.

Techniques

Positioning

Group 1 patients did not have any specific po-
sitioning employed as part of their treatment.
They were turned every 2 h by the nursing staff
from side to side or supine with the bedhead
elevated approximately 30°. That is, the position
in which Group | patients were nursed was
not dependent on which area of the lung was
involved. Patients in Groups 2, 3 and 5 were
positioned in side-lying with the bed flat and
the involved lung uppermost (modified postural
drainage). Group 4 patients were placed in tra-
ditional postural drainage positions, many of
which, depending on the area of the lung affected,
involved patients being tilted head down
(Webber, 1988). These positions were maintained
for at least 15 min prior to the application of the
other techniques.



Other techniques

While in the appropriate position, manual vi-
brations to the chest wall overlying the involved
area were given during expiration to patients in
Group 2 for 5 min prior to suction, For intubated
patients, manual hyperinflations were given in
groups of 6-8 inflations using a two-litre an-
aesthetic bag (inspired fraction of oxygen=1.0).
Each hyperinflation was held at full inflation for
up to 5 sec. Cycles of hyperinflation were given
for approximately 2 min prior to and between
each suctioning procedure. Non-intubated
patients were verbally encouraged to breathe to
their maximal volume (in a similar pattern to the
manual hyperinflation procedure) prior to and
between each coughing and huffing procedure.
These deep breaths, similar to sustained maximal
inspirations, commenced from resting end ex-
piratory volume and were interspersed with re-
laxed breathing. Suctioning (intubated patients)
or coughing and huffing (non-intubated patients)
was continued until all secretions were cleared
at any one time. Nasotracheal suction was per-
formed on the non-intubated patients whose
cough was ineffective.

One physiotherapist (K.S.) supervised the po-
sitioning, postural drainage. manual hy-
perinflation, deep breathing and coughing and
performed the vibrations and suction for all
patients.

Following the intensive 6 h treatment period,
or single treatment for patients in Group 5,
management reverted to that routinely used,
namely 2 hourly suctioning after approximately
20 min of flat side-lying for intubated patients
and deep breathing and coughing exercises every
2 h for non-intubated patients.

Measurements

General data such as the age, sex and primary
diagnosis of patients were noted. Portable chest
X-rays were obtained following the first treatment
intervention and after the 6 h intensive treatment
period. Group 5 patients also had a chest X-
ray 6 h after their single treatment. In addition,
whenever possible, follow-up chest X-rays were
taken 24 and 48 h after the initial diagnostic X-
ray. Chest X-ray evaluation was performed by
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two radiologists who were blind to the patient’s
identity, general condition and treatment group
using the system described by Marini et al (1979).
The radiologists independently compared the ini-
tial diagnostic chest X-ray with signs of ALA to a
pre- or post-study film without signs of atelectasis,
and thus assessed the amount of volume loss on
the initial film. The amount of collapse in all
subsequent films was estimated and expressed,
to the nearest 10%, as a percentage of the original
volume loss. This represents the mean percentage
resolution of ALA. When precise agreement be-
tween the radiologists was not obtained, the av-
erage of the two percentages was recorded.

Intra- and inter-examiner reliability were de-
termined by the two radiologists independently
estimating the percentage collapse for a series of
35 chest X-rays from seven patients with evidence
of complete or resolving ALA and repeating this
procedure approximately 2 weeks later with the
same films. Using intra-class correlation (Shrout
and Fleiss, 1979; Haas, 1991a), the correlation
coefficients for intra-examiner reliability were
0.89 for radiologist 1 and 0.87 for radiologist 2.
The correlation coefficient for the inter-examiner
reliability was 0.92. These values represent good
intra- and inter-examiner reliability (Haas,
1991b).

Other data collected included intubation/
ventilation status, the volume of sputum cleared
during treatment (to the nearest 5 ml), results
of analysis of arterial blood gas (ABG) samples
together with the inspired fraction of oxygen
(F10,), rectal temperature and white cell count.
These measurements were made by stafl not
directly involved in the study.

The results obtained for chest X-ray evalu-
ation and other measurements and observations
after one treatment and at the end of 6h were
most likely to reflect the effect of the treatment
groups on the resolution of ALA, as other vari-
ables associated with the changeable general
medical condition of critically ill patients may
have influenced the results obtained at 24 and
48 h. Nevertheless, we believed it was important
to ascertain whether any improvements seen were
maintained with the routine management re-
ceived after the intensive 6h treatment period
(or single treatment for Group 5 patients).
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Statistical analyses

Statistical analyses were completed using the JMP
statistical software package on a Macintosh
Powerbook 170 computer. All analyses were
made using analysis of variance (ANOVA) tech-
niques. Probability values of less than 0.05 were
considered significant. Where the usual as-
sumptions underlying standard ANOVA cal-
culations did not hold true for measurements (e.g.
normal distribution for percentage resolution of
ALA), the probability values quoted are ap-
proximate. However, when non-parametric tech-
niques were applied, the P-values obtained were
within + 0.03 of the values obtained from analysis
of the raw data. Standard errors (SE) have been
cited which measure the standard deviation of
the means of each group. They are based on
pooled estimates of standard deviations from the
ANOVA tables.

RESULTS

In total, 33 patients with acute lobar atelectasis
were studied in the initial and the present study.
Two patients were studied twice, each occasion
separated from the other by a period of days.
Thus in total there were 35 episodes of ALA, 7 per
group. The first 14 patients, who were allocated
to Groups | and 2, were studied between 13

November 1987 and 14 June 1989, and the
remaining 21 patients, who formed Groups 3, 4
and 5, were recruited into the study between 10
October 1989 and 18 June 1993. In only two
patients were the initial diagnostic chest X-rays
taken for investigation of clinical deterioration
(hypoxaemia, fever and shortness of breath). In
the other patients, ALA was detected on a routine
daily chest X-ray, although there was associated
clinical deterioration in 18 of these patients. In
all patients, ALA was deemed to be of recent
onset, because it had not been present on a chest
X-ray taken within the previous 48 h. Over the
course of the study, a total of 31 patients were
excluded from participation. Twelve patients
were excluded as positioning in flat side-lying
was contraindicated due to spinal injury or head
injury with high intracranial pressure. A further
Il patients were excluded as ALA was secondarv
to incorrect placement of an endotracheal tube.
4 patients had ALA of the left lower lobe after
coronary artery surgery and 4 non-intubated
patients had a decreased level of consciousness.

Descriptive data for the patients included in
the study, according to their allocated group, are
given in Table 1. The 35 patients (18 males, 17
females) had a mean age of 43.1 years (range
17-80 years). There was no significant difference
between the groups in their mean age (F-test.
P=0.21), although the patients in Group | were
younger than those in the other groups (Table

Table 1
Descriptive information by group
Group 1 Group 2 Group 3 Group 4 Group 5
Sex (F/M) {n) 2/5 1/6 4/3 6/1 4/3
Age (years)* 28.4+75 45.3+7.5 50.6+7.5 40.3+75 51.1+7.5
Primary diagnosis (n}
neurological condition 5 3 4 2 4
post-operative 1 1 2 3 2
other 1 3 1 2 1
Intubation status {I/NI) (n)® 6/1 5/2 7/0 5/2 7/0
Ventilation status (IPPV/SV} (n)* 4/3 B/2 5/2 4/3 6/1
Location of ALA (n}
left lung 1 0 0 1 0
right lung 0 1 0 0 0
left lower lobe 5 2 5 2 4
right lower lobe 1 3 2 0 3
right upper lobe 0 1 0 4 0

*Mean + standard error. °l, intubated; NI, not intubated.
ventilating.

PPV, intermittent positive pressure ventilation; SV, spontaneously



1). The patients had a variety of primary dia-
gnoses, with neurological (n=18) and post-op-
erative conditions (r=9) the most common. The
ALA involved the entire lung in 3 cases (2 left,
1 right), the right upper lobe in 5 cases, the right
lower lobe in 9 cases and the left lower lobe in
the remaining 18 cases. Two patients did not
have follow-up chest X-rays for the entire 48 h
period: one patient in Group 2 died of non-
respiratory complications after 24h and one
patient in Group 1, through inadvertent loss of
the request form, did not have an X-ray at 48 h.
The data for these two patients prior to this have
been retained.

Figure | shows the mean percentage resolution
of ALA for patients according to their allocated
group. There was considerable variation in the
profiles across time for individuals within groups,
although the mean profiles for the groups were
similar. The group X time interaction was not
significant, but there were significant effects for
groups (ANOVA, P<0.01) and tme (P<0.01).
Fisher’s least significant difference multiple com-
parisons were employed at the P=0.05 level for
each time period to explore the nature of the
differences between groups. After one treatment,
patients in Group 1 had a significantly lower
percentage resolution than patients in Groups 2,
3 and 4. At this time, patients in Group 2 had a
significantly higher percentage resolution than
patients in Group 5. No other significant differ-
ences existed between groups after one treatment.
After 6 h, patients in both Groups 1 and 5 had
a significantly lower percentage resolution than
patients in Groups 3 and 4. There were no other
differences between groups at 6 h, There were
no significant differences between groups in the
mean percentage resolution of ALA at 24 or 48 h.
As the sample group was small and there was
variability between patients. individual results of
patients have been included (Figs 2-6).

To investigate whether the involvement of the
left lower lobe was a confounding variable which
adversely affected the outcome to treatment, the
response of patients in each group according to
whether or not the ALA involved the left lower
lobe was analysed by including it as an extra
factor in the ANOVA. The involvement of the
left lower lobe did not significantly affect the
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percentage resolution at any stage, nor did a
combination of the group and left lower lobe
involvement. Thus it would appear that left lower

. lobe ALA was not in itself an explanation for

delayed resolution.

Thirty patients were intubated during the
treatment period. The mean percentage res-
olution of ALA for all patients according to their
intubation status is shown in Fig. 7. There were
no significant differences in the percentage res-
olution of ALA between intubated and non-
intubated patients at any time, although at 6 h
the percentage resolution of ALA approached
statistical significance (t-test, P=0.059), rep-
resenting a lower percentage resolution for non-
intubated patients, Twenty-four patients were
mechanically ventilated during the treatment
period, with the other 11 patients spontaneously
ventilating. Figure 8 shows the percentage res-
olution for all patients according to their vent-
ilation status. The percentage resolution was
significantly lower at 6 h for patients who were
spontancously ventilating (t-test, P=0.04). There
were no other significant differences in the res-
olution of ALA between mechanically ventilated
and spontaneously ventilating patients. Air
bronchograms were detected on seven diagnostic
chest X-rays (Group 1, n=2; Group 2, n=1;
Group 3, n=2; Group 4, n=1; Group 5, n=
1). There were no significant differences in the
percentage resolution of ALA between patients
with or without air bronchograms on their dia-
gnostic chest X-rays.

When all patients were considered together,
the mean partial pressure of oxygen in arterial
blood divided by the FiO, (PaO,/Fi0,) was not
significantly altered on the day of diagnosis of
ALA from the value obtained on the previous
day (mean value 95.2%). At 6 h, the mean PaO,/
FiO, had significantly increased to 122.8% of the
value obtained at the time of diagnosis (ftest,
P=0.02). At 24 and 48 h, there was further
significant improvement to means of 125.6% and
128.5% respectively of the value obtained at the
time of diagnosis (t-test, P=0.007 at 24 h and
0.04 at 48 h). The mean PaO,/FiO, values by
group are given in Table 2. There were no
significant differences between groups in these
values or any other ABG parameters at any stage.
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Fig. 1 Mean percentage resolution of acute lobar atelectasis by group. ¢, Group 1; W, Group 2; A, Group 3;
x, Group 4, A, Group 5.
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Fig. 2 Mean percentage resolution for individual patients in Group 1.
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Fig. 3 Mean percentage resolution for individual patients in Group 2.
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Fig. 4 Mean percentage resolution for individual patients in Group 3.
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Fig. 5 Mean percentage resolution for individual patients in Group 4.
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Fig. 6 Mean percentage resolution for individual patients in Group 5.
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Fig. 7 Mean percentage resolution of acute lobar atelectasis according to intubation status. M, Intubated
patients (n=30); [J, non-intubated patients (n=5}.

100 1

Mean percentage resolution

i + 1

After one € hours 24 hours 48 hours
Time from diagnosis

Fig. 8 Mean percentage resolution of acute lobar atelectasis according to ventilation status. ll, Mechanically
ventilated patients (n=24); [], spontaneously ventilating patients {n=11).
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There was little change in the mean rectal
temperature over the study period (Table 2). At
24 h, patients in Group 4 had a significantly
lower temperature than patients in Groups 3
and 5 (F-test, P=0.048). There were no other
significant differences between groups at any
other times, nor were there any significant differ-
ences between groups in the white cell count at
any stage or the sputum volume obtained during
the treatment period (although this approached
statistical significance: F-test, P=0.057; rep-
resenting a lower volume of sputum for patients
in Groups 4 and 5 compared with patients in
Group 2) (Table 2). Sputum culture was per-
formed for 28 patients on the sputum collected
during treatment and bacterial contamination
detected for 13 patients (Group 1, n=3; Group
2, n=4; Group 3, n=3; Group 4, n=2; Group
3, n=1). The mean percentage resolution of ALA
for the 28 patients who had sputum cultures
performed showed no significant difference be-
tween those patients with positive or negative
sputum culture results.

All but 2 of the 35 pauents were medically
stable throughout the treatment period. Of the
two patients whose medical condition was un-
stable, one patent in Group 2 demonstrated

marked cardiovascular instability, not associated
with physiotherapy treatment, but as a result of
acute renal and cardiac failure. This patient died
24 h after the diagnosis of ALA as a result of
multisystem failure. The other medically unstable
patient (Group 3) was profoundly hypoxaemic at
the time of diagnosis of left lower lobe ALA, with
episodic oxygen desaturation not associated with
physiotherapy treatment. In this patient, the ALA
showed 80% resolution after 6 h, with a 173%
improvement in PaO,/FiO, at this time com-
pared with the initial value. This patient sub-
sequently developed adult respiratory distress
syndrome from which she ultimately recovered.
Although 16 patients had undergone surgery
prior to development of ALA, all were considered
stable from a surgical point of view during the
treatment period.

DISCUSSION

A limitation of the present study was the small
sample tested, but only 35 patients satisfied the
strict inclusion criteria over a period of almost 6
years. During this time, a similar number of
patients with ALA had to be excluded from the

Table 2
Oxygenation, sputum volume, rectal temperature and white cell count by group’

Group 1 Group 2 Group 3 Group 4 Group 5
Pa0,/Fi0,(%)®
Diagnosis (% pre-diagnosis) 109.9+16.6 83.8+18.0 1189+ 16.6 77.1+16.6 83.2+18.0
6 h (% diagnosis) 93.2+18.7 129.7+18.7 116.7 +18.7 170.2+18.7 100.4+20.5
24 h (% diagnosis) 106.1+18.8 135.2+20.3 106.3+18.8 159.2+20.3 127.7+20.3
48 h (% diagnosis) 118.2+27.2 145.0+30.4 111.2+27.2 186.0 +30.4 102.0+ 248
Sputum volume (ml) 12.9+3.3 15.0+3.3 10.74+3.3 3.6+33 36+£33
Rectal temperature (°C)
Pre-diagnosis 37.8+0.4 37.1+0.4 379404 375404 37.4+0.4
Diagnosis 37.6+0.3 37.7+0.3 37.6+0.3 37.1+03 37.8+0.3
24 h 37.3+03 37.3+0.3 379403 36.9+0.3 379403
48 h 375403 37.31+0.3 37.84+0.3 37.0+0.3 37.9+0.3
White cell count { x 10° mm )
Pre-diagnosis 146+1.9 146+2.0 13.24+1.9 12.3+1.9 11.7+189
Diagnosis 14.6+1.9 15.6+1.8 13.7+1.8 9.1+19 1M.7+18
24 h 13.6+2.0 17.4+2.4 16.1+2.0 9.3+2.2 11.6+2.0
48 h 144423 17.3+25 18.9+23 9.3+28 11.3+2.1

"alues are means + standard errors.

“Pa0,Fi0,=partial pressure of oxygen in arterial blood/inspired fraction of oxygen expressed as a percentage of the pre-
diagnostic or diagnostic value. The values for Pa0,/Fi0; obtained at the time of diagnosis have been expressed as a
percentage of the pre-diagnostic values, while those obtained at 6, 24 and 48 h have been expressed as a percentage of the

diagnostic values.



study. Despite the limited sample, it was possible
to obtain results that were statistically and, we
believe, clinically significant.

This study found that the mean rate of res-

olution of ALA for patients who received modi- |

fied postural drainage, with or without vibrations
(Groups 2 or 3), or postural drainage (Group 4),
in addition to manual hyperinflation (or deep
breathing) and suction (or coughing and huffing)
hourly for 6 h was statistically significantly better
after one treatment than that of patients who
received hourly manual hyperinflation and suc-
tion alone for 6 h (Group 1). The mean per-
centage resolution remained significantly better
for patients in Groups 3 and 4 compared with
those in Group 1 at 6 h. Thus from the limited
data obtained, it would appear that modified
postural drainage, with or without vibrations, is
an effective additional component to manual
hyperinflation and suction. As no significant
difference existed between Groups 2 and 3 at
any stage, it would seem that vibrations can be
omitted without any loss of effect on resolution
of ALA. As patients in Group 4 who received
traditional postural drainage instead of modified
postural drainage did not have a significantly
different rate of resolution from patients in Group
3 at any time, it would appear that modified
postural drainage is as effective as traditional
postural drainage in the treatment of ALA. Group
5 patients who received the same components of
treatment as patients in Group 3, but received
one treatment only, had a significantly lower
percentage resolution than Group 2 patients after
one treatment and Group 3 and 4 patients after
6 h. This suggests that hourly treatment for 6 h
is more effective than one treatment only.
Clinicians wish to achieve full resolution of
ALA as quickly as possible to avoid the com-
plications and delayed recovery which are be-
lieved to result from persistent ALA (Marini et
al, 1979). As such, the superior rate of resolution
for the patients in Groups 2, 3 and 4 after
one treatment and at 6h would probably be
considered clinically significant. Although no
statistically significant difference was detected
between the groups at 24 and 48 h, the mean
percentage resolution of patients in Groups 2, 3
and 4 was still approximately 30% greater than
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that of patients in Groups 1 and 5. Whether this
represents a clinically significant difference is not
clear. Other parameters measured at 24 and 48 h
(i.e. PaQ,, rectal temperature and white cell
count) did not reveal any significant differences
between groups which would indicate a worse
outcome for patients in Groups 1 or 5. Thus,
although it cannot be stated with certainty, there
was no indication that the use of a basic treatment
regimen or one treatment only increased the
associated morbidity at 24 and 48 h.

For ethical reasons it was not possible to
include a control group of patients who received
no physiotherapy treatment. However, if patients
received no treatment, it is unlikely that their
ALA would resolve as quickly as that of patients
in this study who received the additional physio-
therapeutic techniques. It is not possible to say
though, from the results of this study, if the ALA
of patients who received no treatment would
resolve any more slowly than that of patients
who received a basic treaument regimen only
(Group 1).

As suggested in our earlier study (Suller et al,
1990}, there was evidence, in particular at 6 h,
that patients who were not intubated and/or
spontaneously ventilating had a slower rate of
resolution of ALA. As ALA is believed to occur as
a result of airway obstruction, decreased regional
ventilation and/or reduced pulmonary com-
pliance, this is not surprising given that intubation
allows airway access for more effective airway
clearance and mechanical ventilation should as-
sist in improved regional ventilation.

Although postural drainage (both traditional
and modified) and chest wall vibrations were used
with the intention of increasing clearance of
sputum, the volume of sputum cleared during
treatment was not significantly different between
groups. Thus it could be hypothesised that the
improved resolution of ALA seen in the groups
which received these additional components of
treatment was not due to improved sputum clear-
ance (and thus decreased airway obstruction).
Instead, it may be due to the effects of these
techniques on the other factors which are believed
to cause ALA (i.e. decreased regional ventilation
and pulmonary compliance). This hypothesis re-
mains to be proven.
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Similarly, the mechanisms of effect of the other
techniques used in this study are also unclear for
a number of reasons. First, in the clinical setting
there is no definitive way of identifying the exact
cause of ALA and, in many instances, the cause is
probably multifactorial. Secondly, the treatment
techniques used in this study are likely to act on
more than one mechanism (e.g. manual hy-
perinflation may improve regional ventilation,
increase pulmonary compliance and assist in the
removal of airway obstruction). Thus all that can
be surmised at present is that a combination of
techniques appears to be effective in overcoming
the cause of ALA.

Another important point is the way in which
the duration of the specific treatment techniques
was decided. In the interest of standardising the
treatment regimens to allow replication of the
study, postural drainage and vibrations were
given for a set time period. While it could be
argued that the duration of application of these
techniques should have been based on each sub-
ject’s clinical response rather than time, it was
not possible to identify anv variables, either from
previous studies or clinical experience, that could
be used to measure the individual effect of the
techniques at the actual time of treatment. On
the contrary, it was possible to make a decision
at the time regarding the number of suction
‘passes’ or repeated coughs required during any
one treatment session based on clinical grounds
(i.e. whether or not secretions were still being
cleared). Another reason for placing a time limit
on the duration of postural drainage and vi-
brations was that unduly long treatments were
undesirable because the treatment sessions were
given hourly for 6 h (except for Group 5). Further
studies are needed to determine whether tech-
niques, such as vibrations, may be more effective
if given for a longer period of time.

As noted earlier, the study lasted almost 6
years, with recruitment to Groups | and 2 oc-
curring during the first 19 months and to Groups
3, 4 and 5 during the last 4 years (approximately).
The rate of recruitment remained at a fairly
constant level during this time. While general
changes in patient care undoubtedly occurred
during this time, the standardisation of treatment

regimens should make the comparison of groups
valid despite the time lapse.

The similarities between the rate of resolution
of ALA achieved in the present study and in that
of Marini et al (1979) are striking, despite the
differences in study design, populations studied
and examiners involved in measuring the chest
X-rays. It would appear that the hourly treatment
for 6 h of patients in Groups 2, 3 and 4 was no
less effective than the less frequent but longer
duration treatment (treatment every 4 h for 48 h)
used by Marini et al (1979). However, unlike
Johnson et al (1987), we found that at least
initally in the course of ALA, a treatment of
manual hyperinflation and suction (or deep
breathing, coughing and huffing) was enhanced
by the addition of postural drainage (modified or
not), with or without vibrations. As the details of
the study by Johnson et al (1987) are lacking, the
reason for this contradiction in results is unclear.
In view of the differing ways in which the degree
of ALA was evaluated, it is difficult to make
meaningful comparisons between the present
study and other studies which have evaluated the
effect of various treatments on the resolution of
ALA, although most authors have noted im-
provements after treatment (Wanner et al, 1973:
Fowler, Scoggins and O’Donohue, 1978; Ma-
hajan, Catron and Huber, 1978; O’Donohue,
1979; Perruchoud et al, 1980; Hammon and
Martin, 1981; Harris, 1985; Murray, 1985; Dun-
can et al, 1987).

Although the results of this study need to be
validated in a larger patient population, the study
provides evidence that will assist in the selection
of physiotherapy techniques in the treatment of
ALA. At least initially in the course of ALA, a
treatment of manual hyperinflation and suction
is enhanced by the addition of postural drainage
or modified postural drainage, with or without
vibrations, performed hourly for 6 h. It would
appear that hourly treatment for 6 h using modi-
fied postural drainage, manual hyperinflation and
suction 1s more effective than one treatment only.
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