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Evaluation of nebulised acetylcysteine and
normal saline in the treatment of sputum
retention following thoracotomy

Alison M Gallon

Abstract
Background- The use of acetylcysteine as
a mucolytic agent is controversial. In 1962
it was claimed to be "the most effective
agent ... for the liquefaction of ... se-
cretions" but was subsequently taken off
the market as a respirator solution. Nor-
mal saline, on the other hand, is becoming
increasingly popular. A study was under-
taken to determine which solution is more
effective at clearing retained secretions
following thoracotomy.
Methods- The study included 10 patients
and was ofsingle blind, two-way crossover
design. Measurements taken before and
after each treatment included sputum vis-
cosity, difficulty of expectoration, weight
of sputum expectorated, and oxygen sat-
uration.
Results - Following nebulisation of acetyl-
cysteine, sputum viscosity was reduced,
difficulty of expectoration was reduced,
the weight of sputum expectorated was
increased, and oxygen saturation was in-
creased. There were no changes after
nebulisation of normal saline.
Conclusions - This study shows that,
following thoracotomy, nebulised acetyl-
cysteine reduces sputum viscosity, making
expectoration easier and improving oxy-
genation. Nebulised normal saline has no
effect.
(Thorax 1996;51:429-432)
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Postoperative pulmonary complications fol-
lowing abdominal and thoracic surgery are the
most significant cause of morbidity and mor-
tality in the postoperative period.' Thora-
cotomy results in reduced lung volumes,
impaired gas exchange, and damaged res-
piratory defence mechanisms.2 Mucus se-
cretion and viscosity are therefore increased
and mucociliary clearance is decreased, leading
to retention of secretions, atelectasis, infection,
and hypoxaemia.34
The use of nebulised mycolytic agents is one

method of enhancing mucociliary clearance.
Acetylcysteine has been shown to reduce mucus
viscosity in vitro5 but this has not been dem-
onstrated in vivo in the postoperative period.
Nebulised normal saline has been shown to
increase the clearance of secretions when in-
cluded in a physiotherapy regimen for the treat-
ment of patients with bronchiectasis.6 No
studies of nebulised drugs have measured spu-

tum viscosity in patients following thora-
cotomy. A controlled trial was therefore
undertaken to compare the efficacy ofnebulised
acetylcysteine and normal saline in the treat-
ment of sputum retention following thora-
cotomy in order to establish which is the
more effective drug at increasing mucociliary
clearance and facilitating cough.

Methods
PATIENTS
Eleven patients (10 men) aged 36-77 years
(mean 64 7) took part in the study. All patients
undergoing thoracotomy were assessed by the
author and recruited if they met the following
entry criteria: (1) difficulty expectorating ten-
acious secretions, and (2) adequate analgesia
to enable effective coughing.

Patients were excluded ifthey had a recurrent
laryngeal nerve palsy. Withdrawal criteria in-
cluded (1) severe bronchospasm, (2) pul-
monary oedema, (3) adult respiratory distress
syndrome, (4) surgical emphysema, or (5) ser-
ious cardiac complications.
The study was approved by the district ethics

committee and all patients were given a full
written and verbal explanation of the study.

STUDY DESIGN
The study was of a single blind, two-way cross-
over design comparing nebulised acetylcysteine
with nebulised normal saline. Patients received
treatments 1 and 2 four hours apart. The order
of treatments was randomly allocated (using a
random numbers table and random permuted
blocks) and was reversed on day 2 (treatments
3 and 4). The patients were not aware of which
drug they were receiving.

Forty minutes before treatment any sputum
expectorated was collected. During this period
deep breathing exercises and assisted coughing
were encouraged at 10 minute intervals. This
comprised six thoracic expansion exercises,
huffing, and manual support of the wound.
A fresh sputum pot was supplied and the

first treatment commenced. Treatment A com-
prised 4 ml nebulised acetylcysteine (20%),
deep breathing exercises, and assisted cough-
ing. Treatment B comprised 4 ml nebulised
normal saline (0-9%), deep breathing exercises,
and assisted coughing. Each drug was nebulised
using a Medic-Aid Acorn nebuliser, delivering
particles of less than 5 ,um, driven by a Medix
AC 2000 compressor at a flow rate of 65 1/
min. Most of the drug was nebulised within
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Characteristics of patients

Patient Sex Age Operation Incision Length of
no. anaesthesia

(hours)

1 M 70 Decortication R thoracotomy 2-5
2 M 63 Hiatal hernia L thoracotomy 3

repair
3 M 69 Lower lobectomy R thoracotomy 2-75
4 M 73 Upper lobectomy L thoracotomy 3
5 F 36 Oesophagectomv L thoracoabdominal 4
6 M 69 Bullectomy L thoracotomy 1-5
7 M 77 Oesophagectomy Laparotomy and 4-25

R thoracotomy
8 M 67 Oesophagectomy Laparotomy and 5

R thoracotomy
9 M 49 Decortication L thoracotomy 2
10 M 74 Oesophagectomy Laparotomy and 5-25

R thoracotomy
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10 minutes. The nebulisers were driven by
compressed air because oxygen inactivates
acetylcysteine.7 A fresh nebuliser was used for
each treatment and face masks were used with
the nebulisers for better patient compliance.8
The drugs were administered with the patient
sitting upright, either in bed or in a chair. The
deep breathing exercises and assisted coughing
were repeated at 10 minute intervals as before.
After 40 minutes - that is, 10 minutes of nebu-
lised drug plus 30 minutes of intermittent deep
breathing exercises and assisted coughing-
treatment was discontinued. Treatment 2 was
commenced four hours after the start of treat-
ment 1. Treatments 3 and 4 were administered
the next day, again four hours apart.
No other nebulised drugs were given during

the study period. Analgesia was given by bolus
doses of epidural methadone. The study was
conducted on either the first and second or the
second and third postoperative days.

MEASUREMENTS
Sputum expectorated 40 minutes before treat-
ment and during the 40 minute treatment
period was weighed using Pitney Bowes elec-
tronic scales. The viscosity of sputum ex-
pectorated before and after treatment was
measured using a parallel plate rheometer (In-
stron 3250).
Each patient was asked to complete a visual

analogue scale to measure the degree of diffi-
culty of expectoration before and after treat-
ment.
Oxygen saturation (Sao2) was measured with

a pulse oximeter (Life Stat 1600 Physio Con-
trol) before and after treatment. Three readings
were taken on each occasion at one minute
intervals.

DATA ANALYSIS
The t test for paired samples was used to
analyse all the data which showed a normal
distribution (weight of sputum, difficulty of
expectoration, and oxygen saturation). Data
on sputum viscosity were analysed using the
Wilcoxon matched pairs (signed rank) test be-
cause the trial was small and the viscosity meas-
urements had a skewed distribution.

50 000 h

40 000 F

30 000 _

20 000 _

10 000 F

o

T

Before A After A Before B After B

Mean (SE) sputum viscosity before and after treatments A
(4 ml nebulised acetylcysteine) and B (4 ml nebulised
saline).

Results
Eleven patients were recruited but one was
withdrawn after he developed severe pul-
monary oedema. The characteristics of the re-
maining 10 patients are shown in the table.

SPUTUM VISCOSITY
Sputum viscosity was reduced by acetylcysteine
but not by normal saline. The mean (SD)
viscosity of sputum before treatment A was
40635 (76418) centipoise (cP) (range
4849-297 100) and after treatment was 13 160
(14970) cP (range 2294-49070). This re-
duction was statistically significant (p = 000 1).
Before treatment B the mean (SD) viscosity of
the sputum was 13437 (10634) cP (range
5180-38500) and after treatment was 24735
(27 714) cP (range 4244-95 360). This increase
was not statistically significant (figure).

WEIGHT OF SPUTUM EXPECTORATED
There was an increase in the weight of sputum
expectorated after acetylcysteine but not after
normal saline. The mean (SD) weight of spu-
tum expectorated before treatment A was 2-65
(3-47) g (range 0-15) and after treatment was
7.5 (6-29) g (range 0-26). This increase was
statistically significant (p<0-0001). Before
treatment B the mean (SD) weight of sputum
expectorated was 3 45 (2- 16) g (range 0-7) and
after treatment was 3-55 (2-99) g (range 0-11).
This was not statistically significant.

DIFFICULTY OF EXPECTORATION
Expectoration of sputum was easier after
acetylcysteine but not after normal saline.
Difficulty of expectoration was measured using
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Nebulised acetylcysteine and normal saline for sputum retention

a 10 cm visual analogue scale. The mean (SD)
score before treatmentA was 7 57 (2 02) (range
3 45-9 8) and after treatment was 3 82 (2-11)
(range 1 -3-9 8); p<0-0001. Before treatment
B the mean (SD) score was 6- 16 (2 26) (range
2-2-9-65) and after treatment was 5-89 (2 57)
(range 1-8-9 9); p=NS.

OXYGEN SATURATION
Oxygen saturation improved after acetyl-
cysteine but not after normal saline. The mean
(SD) oxygen saturation before treatment A
was 91-6 (3 75)% (range 87-99 3%) and after
treatment was 93-96 (2 67)% (range 89-6-
100%), p<0-0001. Before treatment B the
mean (SD) Sao2 was 93-08 (3 23)% (range
88-98 3%) and after treatment was 93 35
(3 64)% (range 87-6-100%), p=NS.

Discussion
The distinctive sulphurous odour of acetyl-
cysteine precluded a double blind study. The
same volumes of normal saline and acetyl-
cysteine were required to allow for the effect
of humidification from inhaling a nebulised
mist. The crossover design was used because
within patient studies allow a more precise
comparison of treatments. Patients vary greatly
in their disease state and response to treatment
and substantial numbers would be needed to
achieve useful results in between patient stud-
ies.

In this study the sputum viscosity varied
considerably both before and after treatment,
but it was the change following treatment in
any one individual that was important. The
difference in sputum viscosity before treat-
ments A and B was not statistically significant.
The reversal oftreatment order on the second

day served to avoid any diurnal variation in
sputum rheology or the quantity produced, and
to eliminate any possibility of carryover effect.
The half life of nebulised acetylcysteine has not
been calculated, but that of the intravenously
administered drug is 1-95 and 5-58 hours for
reduced and total acetylcysteine, respectively.9
A reduction in sputum viscosity might have

been produced with time, by the reduced effect
of anaesthetic agents, and the state of the
patient's hydration. This was not the case as
an increase in viscosity was found in some
patients after normal saline. Similarly, ex-
pectoration might become easier with time but
this did not occur following normal saline.
Using the radioaerosol labelling technique

to measure mucociliary clearance would have
given a more accurate picture of the volume of
sputum clearance and the areas of lung from
which it was being cleared. This technique was
not possible after thoracotomy, however, and
several studies have used both radioaerosol
clearance and weight of sputum expectorated
with good correlation.6 10-12
The findings of this study are in agreement

with those of other workers in which nebulised
acetylcysteine has been used in patients with
various respiratory diseases or following non-
pulmonary surgery. Reduced sputum vis-

cosity,`35 increased sputum volume,'314 and
reduced atelectasis'6 have all been reported
following treatment with nebulised acetyl-
cysteine.

In 1970 Giordano et al'7 measured muco-
ciliary clearance in vivo in anaesthetised dogs
by a radioisotopic method and found it to
be significantly increased (p<0001) following
nebulisation of a 20% solution of acetyl-
cysteine. These workers hypothesised that,
because of its supposed irritant effect,
acetylcysteine might cause a reflex hyper-
secretion ofmucus. This would enable a patient
to mobilise his tracheobronchial secretions
more effectively, which might be interpreted as
an increased mucus transport rate. However,
Medici and Chodosh'5 have shown that in-
halation of a 10% solution of acetylcysteine in
humans results in an initial decrease in viscosity
with no change or a reduction in sputum vol-
ume.

Studies using systemic acetylcysteine have
shown conflicting results on clinical and physio-
logical measurements, with some showing a
benefit'9-22 while others have shown no
effect.23-26
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