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Effect of aminophylline on respiratory muscle
strength after upper abdominal surgery:

a double blind study
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Abstract
Background-The effect of amino-
phylline on maximum respiratory mus-
cle strength in patients undergoing upper
abdominal surgery was investigated.
Methods-An open pilot study was per-
formed in which aminophylline was
administered continuously for 48 hours
after surgery (protocol I). In a second
group of subjects aminophylline was
given for 24 hours after cholecystectomy
in a double blind placebo controlled trial
(protocol II). Twelve patients participat-
ed in the pilot study (group A) and 25 in
protocol II of which 14 received amino-
phylline (group B) and 11 placebo (con-
trol, group C). Respiratory muscle
strength was assessed by measuring
mouth pressures during maximum static
inspiratory and expiratory efforts.
Forced expiratory volume in one second
(FEV1), forced vital capacity (FVC), vital
capacity (VC), inspiratory maximum
pressures (Pimax), expiratory maximum
pressures (PEmax) were measured 24
hours preoperatively, Pimax and serum
theophylline 24 hours postoperatively,
and FEV1, FVC, VC, Pimax, PEmax, and
serum theophylline 48 hours after
surgery.
Results-FEV1, FVC, and VC decreased
in all groups of patients at +48 hours.
Pimax fell at +24 hours and +48 hours
but this decrease was significantly small-
er in the two groups who received amino-
phylline than in the control group.
PEmax showed a decrease at +48 hours
but this reduction was similar in all three
groups studied, independent of the treat-
ment given. These data suggest that
either aminophylline had a protective
effect only on the inspiratory muscles or,
most probably, that the effect of amino-
phylline was central, reducing the
phrenic nerve inhibition induced by
cholecystectomy and thus improving
diaphragmatic function.
Conclusions-Upper abdominal surgery
decreases inspiratory and expiratory
muscle strength and aminophylline has a
protective effect only on inspiratory
muscle function. This may have impor-
tant clinical applications in minimising
pulmonary complications after chole-
cystectomy.

(Thorax 1993;48:693-697)

A number of pulmonary complications have
been recognised in patients after upper
abdominal surgery.lA A restrictive ventilatory
defect is the usual change in lung function
and is characterised by a significant reduction
in vital capacity (VC) and in functional resid-
ual capacity (FRC).5-7 Diaphragmatic dys-
function has been suggested to be an
important factor in this postoperative pattern
of lung function.8'0 The mechanisms of
altered diaphragmatic function, however, are
not yet clearly understood. The effects of
anaesthesia and pain on the diaphragm,
phrenic nerve inhibition, diaphragmatic
fatigue, and changes in the regulation of
breathing may all be implicated.7 12
The aim of this study was to investigate

respiratory muscle strength after upper
abdominal surgery to assess the response of
neuromuscular respiratory function to a max-
imum respiratory effort. This was of particu-
lar interest because, when severe pulmonary
complications occur, the respiratory system
may be working at maximum capacity.

Aminophylline has been shown to reverse
the reduction of diaphragmatic activity during
quiet breathing after cholecystectomy.13 We
therefore wished to assess the effect of amino-
phylline on respiratory muscle strength after
upper abdominal surgery. Aminophylline was
administered for 48 hours after surgery in an
open trial (pilot study) and was found to have
a protective effect only on the inspiratory and
not on the expiratory muscle strength. This
was followed by a double blind placebo con-
trolled trial in which the drug was given for
24 hours after cholecystectomy.

Methods
SUBJECTS AND ANAESTHESIA
Thirty seven patients (10 men and 27
women) who underwent cholecystectomy
were studied. All patients were non-smokers
and none was found by routine preoperative
evaluation (chest radiography, ECG, physical
examination, and lung function tests) to
suffer from any cardiopulmonary or neuro-
muscular disease.

All patients were informed of the nature of
the investigation, which was approved by the
Ethics Committee of our hospital, and gave
their consent. An elective cholecystectomy
was performed in all patients by the same sur-
gical incision (right paramedian) and under
similar anaesthetic and analgesic control, with
5 mg diazepam and 0 1 mg fentanyl as pre-
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medication. Anaesthesia was induced with
thiopentone (5 mg/kg) and fentanyl
(0-005-0-01 mg/kg) and maintained by a gas
mixture of N,0/O, (4/2) under controlled
ventilation. Additional fentanyl and pancuro-
nium were given to achieve the required
muscle relaxation. Atropine 0O015 mg/kg and
neostigmine 0-03 mg/kg were given at the end
of surgery. Pain control was the same in the
three groups of patients during the postopera-
tive period. Specifically, pethidine 1 mg/kg
was given intramuscularly every six hours for
48 hours. Only two patients required an addi-
tional injection of pethidine during the first
24 hours after operation.

Figure 1 summarises the study design, the
administration of aminophylline, and the
measurements made during the two studies.

PROTOCOL I: OPEN TRIAL (PILOT STUDY)
In 12 consecutive patients (group A) amino-
phylline was administered immediately after
the end of the operation and for 48 hours
thereafter. Immediately after extubation
aminophylline was given as a bolus, 6 mg/kg
intravenously, and thereafter as an infusion at
a rate of 0 9 mg/kg/hour in 5% dextrose solu-
tion for 48 hours. Aminophylline serum con-
centrations was measured by an enzyme
multiplied immunoassay technique with an
automatic counter (Gilford 203S). FEVy,
FVC, and VC were measured 24 hours
before surgery (-24 hours) by a dry spiro-
meter (Vitalograph, Buckingham, UK) and
corrected to BTPS. Maximum static inspira-
tory (Pimax) and expiratory (PEmax) pres-
sures were measured according to the method
of Black and Hyatt in the sitting position.'4
Pimax was measured near residual volume
and PEmax near total lung capacity.
Minimum duration for an accepted effort was
one second. At least three efforts were record-
ed and the maximum value taken when the
variability was less than 5%. Both mano-
meters (Moxam, Paris) used to measure posi-
tive and negative pressures had two needles,
one of which stopped at the level of the maxi-
mum pressure for accurate pressure measure-
ment. The examiner ensured that the
duration of maximum effort was greater than
one second by observing both needles during
the procedure. Details of the method have
been described previously.'5 Plmax was mea-
sured at the patient's bed in a semirecumbent

-24 0 +24 +48
Time (hours) l

Protocol Drug Aminophylline 6 mg/kg bolusI
+0.9 mg/kg/h IV infusion

AminophyllineProtocol 11 Drug orplaceboI

FEV, operation Pimax FEV1 Pimax
Measurements FVC Pimax LST FVC PEmax

VC PEmax VC ST

Figure 1 Experimental protocols. Protocol I (pilot study): open administration of
aminophylline (48 hours); protocol II: double blind placebo controlled trial (24 hours).
ST-serum theophylline.

position 24 hours postoperatively (+24 hours)
and blood was taken for the determination of
theophylline levels. FEVI, FVC, VC, Pimax,
and PEmax were measured 48 hours post-
operatively (+48 hours) in the sitting position
and blood taken for a further measurement of
the level of theophylline.

PROTOCOL II: DOUBLE BLIND TRIAL
In 25 patients aminophylline or placebo was
administered immediately after the operation
for 24 hours in a double blind fashion in
random order. Aminophylline or placebo
(normal saline solution) was given as a bolus,
6 mg/kg intravenously, and then as an
infusion at a rate of 0 9 mg/kg/hour in 5%
dextrose solution for 24 hours. FEVI, FVC,
VC, Pimax, and PEmax were measured 24
hours before surgery (-24 hours) in a sitting
position. Pimax was measured at the patient's
bed in semirecumbent position 24 hours
postoperatively (+24 hours). Serum theo-
phylline was also determined but not revealed
to the investigators. The biochemistry depart-
ment was instructed to break the code only
when theophylline measurement was greater
than 20 ,ug/dl to avoid potential toxic effects.
However, no such event occurred during the
study. FEVI, FVC, VC, Pimax, PEmax, and
serum theophylline were measured 48 hours
postoperatively in the sitting position.
Upon completion of the study patients who

received the placebo served as the control
group (group C) and those who received
aminophylline as group B.

STATISTICAL ANALYSIS
The Microstat (ECOSOFT, Indianapolis,
USA) computer program was used for statis-
tical analysis of the data. The results are
shown as mean (SE). All variables showed a
normal distribution and the significance of
the difference in the mean values was calcu-
lated by the Student's t test. In addition the
differences in the mean values were estimated
by the ANOVA two way test and the
Bonferroni modified t test. p < 0 05 was con-
sidered significant with the Student's t test
and p < 0-016 for the Bonferroni test.

Results
Anthropometric data, mean duration of
anaesthesia, and preoperative values of the
parameters measured in the three groups of
patients are shown in table 1. All groups had
similar anthropometric data and their mean
values of % predicted FEV1, FVC, VC16 and
maximum pressures did not differ significant-
ly 24 hours before surgery. In addition, the
mean duration of the operation was similar
for the three groups.
The mean values of the variables measured

24 hours and 48 hours after surgery are sum-
marised in table 2. The mean value of serum
theophylline was within the therapeutic range
(10-20 ,ug/dl) in groups A and B at +24
hours and in group A at +48 hours. No indi-
vidual had levels outside the therapeutic
range during the study.
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Table 1 Mean (SE) anthropometnic data, duration ofanaesthesia and preoperative
measurements in the three groups ofpatients

Group A Group B Group C
Variable (aminophylline 48 hours) (aminophylline 24 hours) (placebo)

n 12 14 11
Men 3 4 3
Women 9 10 8
Age (years) 49-8 (3-56) 55-6 (2-75) 50 (3 4)
Weight (kg) 66-4 (2 25) 70-2 (3.2) 74 (3-2)
Height (cm) 159 (2-6) 159 (2 7) 161 (3-3)
Anaesthesia (min) 59 (4-9) 63 (3-74) 61 (3 9)
Pimax (kPa) 6-96 (1-14) 8-53 (0-76) 8-83 (1-3)
PEmax (kPa) 9-12 (1-16) 10-2 (1-36) 10 (1P36)
FEVy (% pred) 119 (6-1) 113 (6 4) 111 (3 8)
FVC (% pred) 107 (3-5) 118 (4 5) 109 (4 6)
FEV,/FVC (%) 82 (1-7) 80 (1-4) 79-5 (2-9)
VC (% pred) 115 (7 2) 119 (4 3) 110 (4-7)

Mean values A v B, A v C, B v C not significantly different (p > 0 5, Student's t test;
F < 0 937, ANOVA).

Figure 2 shows the mean (SE) value of
Pimax before (-24 hours) and after (+24
hours and +48 hours) surgery. Pressures are
expressed as a percentage of their preopera-
tive values. It can be seen that Pimax
decreased significantly from its preoperative
value 24 hours after surgery in all three
groups (group A: p < 0-05, group B: p <
0001, group C: p < 0 001). This decrease in
Pimax was less in the patients receiving
aminophylline (groups A and B) than in the
control group (group C), and the differences
in the mean values of Pimax at +24 hours
between the aminophylline group and con-
trols were statistically significant (A v C, B v
C, p < 005) (table 2). The mean value of
Pimax in the two groups that received amino-
phylline was almost double that of the control
group at +24 hours (fig 2, table 2).
The mean value of Pimax increased by 48

hours after surgery in all three groups of
patients (fig 2), but the significant difference
in the mean values of Pimax of groups A and
B against C persisted (table 2). The mean
value of Pimax for group A at +48 hours was
similar to the preoperative value, but for
groups B and C it remained below the pre-
operative values (p < 0005 and p < 0.001
respectively).
The mean (SE) values of PEmax before

and 48 hours after surgery are summarised in
fig 3. At +48 hours the mean value of PEmax
was significantly reduced from its pre-
operative value in all groups of patients
(group A: p < 0 05, group B: p < 0-05, group
C: p < 0001). The mean values of PEmax for

Pimax
1

CD 1{2

a)

a)

0 4

o Group A
c Group B
a Group C

0 --24 +48
Time from operation (hours)

Figure 2 Mean (SE) maximum inspiratory pressure
(Pimax) shown as a percentage ofpreoperative value.
Group A-aminophylline for 48 hours,
group B-aminophyllinefor 24 hours, group C-control
group. Measurements made 24 hours before surgery
(-24 hours), 24 hours and 48 hours after surgery
(+24 hours, +48 hours). NS-no statistical significance;
*statistically significant difference between the mean values
at -24 hours, +24 hours, +48 hours.

140

. 201

PEmax
a Group A
o Group B
Q Group C

NS

+48

Time from operation (hours)

Figure 3 Mean (SE) maximum expiratory pressure
(PEmax) as a percentage ofpreoperative value in the three
groups ofpatients at -24 hours and +48 hours.
(For definitions see fig 2.)

the three groups were, however, similar.
The mean values of FEV1, FVC, and VC

decreased significantly from their preopera-
tive values 48 hours after surgery in all three
groups of patients (p < 0-05). This decrease
was similar in each group (table 2).

Discussion
Our results have confirmed previously report-
ed changes in the respiratory system after
upper abdominal surgery.1 A significant

Table 2 Mean (SE) measurements 24 and 48 hours after surgery

p value*
Group A Group B Group C

Time Variable (aminophylline 48 hours) (aminophylline 24 hours) (placebo) A v B A v C B v C

+24 hours Pimax (kPa) 4-32 (0-54) 4-32 (0-45) 2-8 (0 24) <0 05 <0*05
Serum theophylline (ug/dl) 14-3 (0.29) 15-6 (0-13) - <0-001

+48 hours Pimax (kPa) 5 9 (0-85) 5-5 (0 7) 3-5 (0 32) <0-05 <0-05
PEmax (kPa) 5-3 (0-9) 5.4 (0-86) 4-2 (0 5)
FEV, (% pred) 77-4 (5-2) 82 (4-5) 70 (3-6)
FVC (% pred) 79 (4-8) 88 (4-5) 81 (3-6)
FEVI/FVC (%) 76 (1-7) 75 (2-2) 69 (3-0)
VC (% pred) 78 (5-8) 89 (3-5) 84 (3-3)
Serum theophylline (ug/dl) 16-6 (0-38) 2-6 (0-13) <0-001

*Only significant differences shown.
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reduction in FEV1, FVC, and VC was

observed 48 hours postoperatively in all our

patients, indicating a restrictive ventilatory
defect. In other words, aminophylline had no
effect on the lung volume measurements.
Furthermore, the FEV1/FVC ratio did not
differ between the aminophylline treated and
placebo groups after surgery, suggesting that
the drug had no effect on airway calibre after
cholecystectomy.
The maximum static inspiratory pressure

(Pimax) decreased significantly 24 hours and
48 hours postoperatively, and this reduction
was significantly greater in the control group
than in the two aminophylline groups. These
results clearly show a protective effect of
aminophylline on inspiratory muscle function
and agree with the results of Dureuil et al who
investigated the diaphragmatic contribution
to quiet breathing and showed an early reduc-
tion of diaphragmatic activity after upper
abdominal surgery."3 They also showed that
this reduction was partially reversed by
aminophylline during quiet breathing.
Although the mechanics of the maximum sta-
tic inspiratory effort and those of quiet tidal
breathing are different, our results suggest
that the effect of aminophylline after surgery
was similarly protective. Furthermore, our
studies were conducted in both open and
double blind protocols while Dureuil et al
administered aminophylline only in an open
trial. 13

Ford et al measured transdiaphragmatic
pressure and showed a significant reduction
in diaphragmatic activity after upper abdomi-
nal surgery.8 This reduction returned towards
normal at 24 hours after surgery and had
reached normal levels at 48 hours. Our
results showed that Pimax in the control
groups was still reduced from its preoperative
value at +48 hours suggesting that the maxi-
mal strength of the diaphragm had not been
fully restored.
Our results are also in agreement with those

of Simonneau et al who found diaphragmatic
dysfunction during quiet inspiration and
maximum inspiratory effort after upper
abdominal surgery9 which lasted for about
one week. In accordance with those observa-
tions our control group showed a significant
decrease in Pimax at 24 hours and 48 hours
after surgery, and PImax was 31% and 40%
of its preoperative value at +24 hours and
+48 hours in the control group.

Although a trend was apparent (fig 3), we

did not find a significant effect of amino-
phylline on the strength of expiratory muscles
as assessed by the PEmax. We were unwilling
to measure PEmax at 24 hours after surgery
in case we damaged the healing of the inci-
sion.

It is well known that posture affects the
maximal respiratory pressures. A criticism of
our results could therefore be that we made
the measurements of Pimax at +24 hours in a

different position (semirecumbent) from
those made at -24 hours and +48 hours (sit-
ting). This posture effect was similar for all
groups of patients, however, whether receiv-

ing aminophylline or not. Another limitation
of our design was that we did not estimate
postoperative pain, or the stage of conscious-
ness, or both, by a visual analogue scale. All
necessary precautions were taken, however,
to use similar anaesthetic and analgesic
agents in the same doses for all patients. The
double blind placebo controlled design of the
second part of this study makes it unlikely
that these factors could have affected the
results. Although maximum pressures are
dependent on effort,'7 the randomisation of
the patients in the second study made it
unlikely that there were significant differences
in personality or motivation between the con-
trol and aminophylline groups.

Pimax is an estimate of global inspiratory
muscle strength, and we can only postulate
that the results reported in this study were
due to the effect of aminophylline on
diaphragmatic function alone. Diaphragmatic
strength is dependent on the action of other
muscles, particularly those stabilising the
ribcage. There are reasons to suggest, how-
ever, that the effect of aminophylline we
observed could be a specific one, exerted
mainly on the diaphragm. The magnitude of
the effect of aminophylline was significantly
greater than that reported by others.'820 The
effect was not therefore specifically on
diaphragmatic contractility but on the
phrenic nerve inhibition reflex. Dureuil et al 10
showed that diaphragmatic contractility was
not altered after upper abdominal surgery and
postulated that the observed diaphragmatic
dysfunction was secondary to reflex inhibition
of the phrenic nerve output. The action of
aminophylline seen in our study could there-
fore be due to an effect on the central nervous
system that might reverse postoperative reflex
phrenic inhibition. Additional studies are
needed to compare aminophylline with drugs
having only an inotropic effect (for example,
digoxin) or a central stimulant effect (for
example, doxapram) to clarify such mecha-
nisms of diaphragmatic impairment and the
mode of action of aminophylline.
The positive effect of aminophylline on

inspiratory, but not on expiratory, muscle
strength makes it more probable that the
explanation of the mode of action of amino-
phylline is a specific one and not just an effect
on the contractility of the respiratory muscles.
Our results show that upper abdominal

surgery decreases inspiratory and expiratory
muscle strength and that aminophylline has a
protective effect only on inspiratory muscle
function. Although aminophylline showed no
significant effect on lung volume indices, its
effect on inspiratory muscle strength may be
of clinical importance in its ability to reduce
pulmonary complications after abdominal
surgery. Aminophylline could have a specific
application in patients with pulmonary dis-
ease undergoing upper abdominal surgery in
whom the respiratory muscles are disadvan-
taged as a result of hyperinflation.

We wish to acknowledge Glaxo ABEE, Greece for supporting
this research by a grant and Mrs N Bizaki for typing the
manuscript.
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SEPCR-SEP Joint Meeting in Paris, 1989, and published in
abstract form in Bull Eur Physiopathol Respir 1989;22:161.
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