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Expiratory flow limitation during exercise in COPD: detection by
manual compression of the abdominal wall
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ABSTRACT: Manual compression of the abdomen (MCA) during spontaneous
expiration is a simple method for the detection of flow limitation in the chronic
obstructive pulmonary disease (COPD) patients during resting breathing, based on
comparison of flow/volume curves obtained during MCA with that of the preceding
control breath. It was assessed whether this nonstandardized technique is also feasible
during exercise.
MCA was performed during resting breathing and constant-exercise work at oneand two-thirds maximal mechanical power output (W9max) in six normal subjects and 12
COPD patients. Changes in end-expiratory lung volume (EELV) were also studied.
With the aid of inspection, abdominal palpation and lung auscultation, MCA could
always be applied during expiration. Flow limitation was never detected in the six
normal subjects, whereas four of the COPD patients were flow limited at rest, seven
during exercise at one-third W9max and nine during exercise at two-thirds W9max.
Expiratory flow limitation detected by MCA was always associated with an increase in
EELV during exercise, indicating dynamic hyperinflation occurrence or increase.
It is concluded that manual compression of the abdomen is a very simple and reliable
method for the detection of flow limitation during exercise.
Eur Respir J 2002; 19: 919–927.

Dynamic pulmonary hyperinflation (DH) frequently occurs in chronic obstructive pulmonary
disease (COPD) patients, both during acute conditions, such as respiratory failure [1, 2], or exercise [3]
and during resting breathing in the stable condition
[4, 5]. DH is associated with increased work of
breathing at a time when the efficiency of the inspiratory muscles is decreased [6]. This condition can
be revealed by detection of the so-called "intrinsic"
positive end-expiratory pressure (PEEPi) that corresponds to the elastic recoil of the system at endexpiration [2]. In COPD patients with spontaneous
breathing efforts, however, PEEPi is seldom measured,
particularly because it ideally requires the positioning
of oesophageal and gastric balloons [7, 8]. Since DH
in COPD is mainly related to expiratory flow limitation, attention has turned towards simple tests that
may allow recognition of expiratory flow limitation.
Expiratory flow limitation means that, despite
increases in the driving pressures, expiratory flow
cannot increase and tests, therefore, compare expiratory flow during spontaneous breathing with forced
expiratory flow/volume curves. A very simple method
for the detection of flow limitation based on manual
compression of the abdomen (MCA) during spontaneous expiration and comparison of the generated
expiratory flow with that of the preceding control
breath has recently been proposed [9]. The advantages
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of this method relate to the fact that it does not
require special devices or collaboration of the patient
and can be performed in any position. In addition,
changes in the antecedent volume and time history
that may give false-positive results [10] do not occur
and there is also no limitation related to increased
upper airway collapsibility [9]. In contrast, a method
which increases the alveolar airway opening pressure
difference by negative pressures at the airway opening
during spontaneous expiration using a special device
(negative expiratory pressure (NEP)) [11–14] may
occasionally cause upper airway collapse and, therefore, lead to a false-positive comparison [9, 15, 16].
The time at which MCA is applied, however,
cannot be chosen precisely and it was wondered
whether this method, which is reliable in COPD
patients breathing at rest [9], is still feasible in
conditions such as exercise associated with increased
breathing frequency and postural motions. Also, the
pressure applied by the investigator is not precisely
determined and, in some cases, causes pleural pressure increases of w10 cmH2O [9]. It may, therefore, be
hypothesized that sufficient gas compression may
occasionally occur, such that the registered expired
lung volume significantly lags lung volume, leading
to a false-positive comparison [17].
In the present study, the feasibility of MCA during
exercise in normal subjects and COPD patients was
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assessed. It was reasoned that, if the MCA test is
reliable during exercise, flow limitation should never
be detected in normal subjects and, when detected
in COPD patients with increasing levels of exercise,
should always be associated with DH occurrence or
increase. With this in mind, changes in end-expiratory
lung volume (EELV) during exercise were also
assessed. The results of the MCA tests were compared
with the results of a method based on comparison of
resting and forced vital capacity flow/volume loops
[18, 19], referred to as the "conventional method".

Material and methods
Subjects
Six normal subjects and 12 COPD patients were
studied (table 1). The six normal subjects (four males,
two females; subjects 1–6) had a mean age of
28¡4 yrs, were recruited from hospital personnel and
were aware of the purpose of the study. Their spirograms were within normal limits and none had any
history of cardiopulmonary or neuromuscular disease.
The 12 COPD patients (five males, seven females;
subjects 7–18) had a mean age of 58¡8 yrs. They had a
well-defined history of chronic airflow obstruction,
and concomitant renal, hepatic, cardiovascular or
neuromuscular disease was an exclusion criterion.
None had a history of asthma. They were all smokers
or exsmokers and had been in a medically stable
condition for o4 weeks when evaluated. Their main
anthropometric data and lung volumes are given
in table 1. Forced expiratory volume in one second

(FEV1) ranged 33–77% of the predicted value and
FEV1/vital capacity ranged 39–67%. All subjects gave
informed consent to the procedures, as approved
by the Human Studies Committee of Saint-Pierre
University Hospital.
Manual compression of the abdomen manoeuvre
As previously described [9], the investigator put
one hand gently on the abdominal wall of the subject
with the palm at the level of the umbilicus, perpendicular to the axis between the xiphoid process and the
pubis. The other hand was applied on the lower back
of the patient in the same axis. In order to identify the
expiratory phase during exercise breathing, inspection
of the thorax and gentle palpation of the abdomen
during repeated breathing cycles was used as well
as lung auscultation as requested. The investigator
informed the subject of the imminence of the MCA.
Then, at the onset of expiration, a firm compression
was exerted in the anteroposterior direction and
maintained throughout the expiratory phase, and
afterwards the hand was removed. MCA was always
performed with the subject on the bicycle, in the same
position, and the flow/volume loop during the MCA
compared with the preceding "control" flow/volume
loop [9].
Procedure and measurements
All subjects were studied on two consecutive days.
On the first day, they had to perform an incremental
symptom-limited bicycle exercise test. The subjects,

Table 1. – Anthropometric and functional characteristics and maximal exercise results of normal subjects and chronic
obstructive pulmonary disease (COPD) patients
Subject no.

Normal subjects
1
2
3
4
5
6
Mean¡SD
COPD patients
7
8
9
10
11
12
13
14
15
16
17
18
Mean¡SD

Sex

Age
yrs

Height
cm

Weight
kg

VC
% pred

FEV1
% pred

FRC
% pred

TLC
% pred

W9max
W

V9O2,max
% pred

V9E,max
% pred

M
M
M
M
F
F

24
32
30
32
23
25
27¡4

174
184
182
170
172
169
175¡6

56
78
68
74
50
57
64¡11

95
113
101
97
78
103
98¡12

105
111
107
106
84
106
103¡10

112
126
104
80
105
112
107¡15

100
109
97
88
86
101
96¡9

198
270
231
188
138
120
190¡56

83
105
98
79
91
76
88¡11

57
76
76
52
56
44
60¡13

M
M
F
M
F
F
F
F
F
M
F
M

69
69
58
54
57
59
50
70
49
48
61
59
58¡8

167
172
167
172
160
160
175
160
164
167
158
170
166¡6

59
76
56
80
64
54
63
55
50
60
63
72
62¡9

58
73
103
89
72
79
85
75
99
79
63
97
81¡14

33
53
49
67
56
38
64
39
77
68
41
72
55¡15

131
96
103
94
158
182
128
162
125
112
166
111
131¡30

80
92
102
102
116
124
98
120
107
95
115
97
104¡13

48
67
69
124
68
56
82
69
70
124
41
58
73¡26

53
73
86
83
75
73
79
88
67
72
70
51
73¡12

36
52
69
59
60
51
59
51
44
50
53
45
52¡9

VC: vital capacity; FEV1: forced expiratory volume in one second; FRC: functional residual capacity; TLC: total lung
capacity; W9max: maximal mechanical power output; V9O2,max: maximal oxygen uptake; V9E,max: minute ventilation during
maximal exercise; % pred: percentage of the predicted value; M: male; F: female.
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wearing a noseclip and mouthpiece, had to cycle
at a rate of y60 revolutions per minute until their
tolerance limit on an electromagnetically-braked cycle
ergometer (Medifit 1000S; Medical Fitness Equipment, Maarn, the Netherlands) that was connected
to an automated exercise system (Oxycon Pro;
Jaeger-Mynhardt, Bunnik, the Netherlands). Measurements included work rate, oxygen uptake (V9O2),
ventilation and cardiac frequency. The ergospirometrically predicted values were calculated according
to WASSERMAN et al. [20].
The day after incremental exercise testing, constantwork exercise testing at one- and two-thirds of maximal mechanical power output (W9max) was performed
using the same equipment for each subject. Exercise
testing was preceded by a 10-min period of resting
breathing in the same position but without cycling,
so that the breathing pattern could stabilize. Maximal
expiratory flow/volume curves were then performed
after a rapid inspiration without end-inspiratory
pause to ensure that there were no expiratory flow
changes related to differences in the volume and
time history of the preceding inspiration [10, 21]. The
measurements performed during stable resting breathing and after 5 min of exercise at one- and two-thirds
W9max, at a time when V9O2 and the breathing pattern
were constant, included three inspiratory capacity
and five MCA manoeuvres at each step. Great
care was taken to avoid any change in EELV just
before determining inspiratory capacity and 1 min
of undisturbed breathing was allowed between each
manoeuvre. The measurements at each step were
completed within 7 min, so that each period of exercise at one- and two-thirds W9max lasted a maximum
of 12 min.
Using Oxycon Pro data analysis software, intrabreath analysis was initiated just before each control
and test breath and stopped immediately thereafter.
These flow/volume curves were superimposed on the
maximal flow/volume curves at the highest inspiratory capacity [19]. With MCA, flow was considered
limited whenever compression could not elicit an

a) 8

increase in expiratory flow during part of or throughout tidal expiration. In contrast, whenever MCA
could elicit an increase in expiratory flow throughout
tidal expiration, the subject was considered nonflow
limited. With the conventional method, expiratory
flow at comparable lung volumes that was similar
to or even lower during forced vital capacity manoeuvres than during spontaneous expiration was
indicative of flow limitation. EELV, end-inspiratory
lung volume (EILV) and tidal volume were also
assessed at each step.
When the F ratio of the analysis of variance for
repeated measures reached v0.05, modified t-tests
(paired or unpaired, depending on the comparison
being made) were used to compare inspiratory capacity, EELV and EILV, and tidal volume [22]. In the
COPD patients, the Kruskal-Wallis test was used
to assess the relationship between the results of MCA
and functional characteristics as well as maximal
exercise results. Data are presented as mean¡SD.
Results
Effect of manual compression of the abdomen in
normal subjects and chronic obstructive pulmonary
disease patients
During exercise, thoracic inspection and abdominal
palpation usually permitted identification of the
expiratory phase, and lung auscultation was only
required in two cases in order to perform MCA during
spontaneous expiration. Figure 1 shows the effects of
MCA in a normal subject (subject no. 6) breathing
at rest and during exercise at one- and two-thirds
W9max. Relative to the preceding control breath, the
MCA flow/volume curve always showed increased
expiratory flow over the entire range of control tidal
expiration. Similar findings were obtained in the other
normal subjects. In three of the 12 COPD patients,
MCA was also associated with increased expiratory
flow at each exercise level. In contrast, flow limitation
was detected by MCA in the other nine patients.
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Fig. 1. – Superimposed flow/volume curves from manual compression of the abdomen (MCA) during expiration (open loop) and the
preceding control breath (closed loop) in a normal subject (subject no. 6) at: a) rest; and during constant-work exercise at: b) one-third;
and c) two-thirds of maximal mechanical power output. The maximal expiratory flow/volume curve measured at forced vital capacity is
also shown (..........). ------: end-expiratory lung volume (EELV) measured during resting breathing on the bicycle. Note that MCA elicits
increased expiratory flow relative to the control breath at each exercise level and that exercise is associated with decreased EELV.
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Fig. 2. – Superimposed flow/volume curves from manual compression of the abdomen (MCA) during expiration (open loop) and the
preceding control breath (closed loop) in a chronic obstructive pulmonary disease patient (subject no. 12) at: a) rest; and during constantwork exercise at: b) one-third; and c) two-thirds of maximal mechanical power output. The maximal expiratory flow/volume curve
measured at forced vital capacity is also shown (..........). ------: end-expiratory lung volume (EELV) measured during resting breathing on
the bicycle. Note that MCA does not induce increased expiratory flow relative to the control breath at the three exercise levels and that
exercise is associated with a progressive increase in EELV.

In four of them, as illustrated by a representative
patient in figure 2, MCA indicated flow limitation
during resting breathing and at both exercise levels.
In two of the patients, as illustrated in figure 3, MCA
indicated flow limitation only at the highest level of
exercise. In the remaining three patients, as illustrated
in figure 4, MCA indicated increased flow during
resting breathing but not during exercise. In the
present as well as previous studies [9], the flow/volume
curve associated with the highest expiratory flow
(during part of or throughout tidal expiration) always
corresponded with the MCA manoeuvre rather than
the control. In contrast, in flow limitation, expiratory
flow was similar and the MCA and control curves
were not significantly different.
Comparison between MCA and the conventional
method showed similar results in the normal subjects:
each of the forced expiratory manoeuvres always

a) 8

generated increased expiratory flow. In contrast,
contradictory results were frequently present in the
COPD patients during resting breathing or exercise
(figs. 3 and 4, and table 2). Indeed, the conventional
method led to false-positive results in five patients
during resting breathing, four during exercise at
one-third W9max and two during exercise at twothirds W9max since, in each of these cases, MCA
generated increased expiratory flow (table 2). These
contradictory results are particularly well illustrated
by subject no. 10. In this particular patient (table 2),
the conventional method showed false-positive results
at each exercise level since MCA was always able
to increase expiratory flow.
In some cases, in some subjects, MCA could not
be applied at the very beginning of expiration but,
even when somewhat delayed, always allowed consistent interpretation with repeated tests in each
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Fig. 3. – Superimposed flow/volume curves from manual compression of the abdomen (MCA) during expiration (open loop) and the
preceding control breath (closed loop) in a chronic obstructive pulmonary disease patient (subject no. 13) at: a) rest; and during constantwork exercise at: b) one-third; and c) two-thirds of maximal mechanical power output (W9max). The maximal expiratory flow volume
curve measured at forced vital capacity is also shown (..........). ------: end-expiratory lung volume (EELV) measured during resting
breathing on the bicycle. Note that MCA induces increased expiratory flow relative to the control breath during resting breathing and
exercise at one-third W9max but not during exercise at two-thirds W9max. The latter level is also associated with a clear-cut increase in
EELV. Note also that flow at forced expiratory vital capacity is less than or equal to tidal expiratory flow at the three exercise levels.
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Fig. 4. – Superimposed flow/volume curves from manual compression of the abdomen (MCA) during expiration (open loop) and the
preceding control breath (closed loop) in a chronic obstructive pulmonary disease patient (subject no. 9) at: a) rest; and during constantwork exercise at: b) one-third; and c) two-thirds of maximal mechanical power output. The maximal expiratory flow/volume curve
measured at forced vital capacity is also shown (..........). ------: end-expiratory lung volume (EELV) measured during resting breathing on
the bicycle. Note that MCA induces increased expiratory flow relative to the control breath during resting breathing but not during
exercise that is also associated with a clear-cut increase in EELV.

Changes in end-expiratory lung volume and tidal
volume with exercise
As already well documented [13, 19, 23, 24],
exercise was associated with significant changes in
EELV (pv0.05) in a way that differed between the two
groups (pv0.05) (fig. 5). Indeed, whereas, in the
normal subjects the transition from resting breathing
to one-third W9max exercise was associated with a
Table 2. – Flow limitation detection in 12 chronic obstructive pulmonary disease patients using manual compression of the abdomen (MCA) or comparison of tidal and
maximal expiratory flow/volume loops (max V9/V)
Subject
No.

7
8
9
10
11
12
13
14
15
16
17
18

Resting breathing

1/3 W9max

MCA

max
V9/V

MCA

-*
z
-*
-*
z
z
-*
-*
z
-

z
z
z
z
z
z
z
z
z
-

z
z
z
-*
z
z
-*
z
-*
z
-*

2/3 W9max

max MCA max
V9/V
V9/V
z
z
z
z
z
z
z
z
z
z
z

z
z
z
-*
z
z
z
z
-*
z
z

z
z
z
z
z
z
z
z
z
z
z

*: contradicts conventional (max V9/V) method. W9max:
maximal mechanical power output. z: flow limitation; -: no
flow limitation.

decrease in EELV (pv0.005), a significant EELV
increase was observed in the COPD patients between
one- and two-thirds W9max exercise (pv0.05). Exercise
was also associated with significant increases in EILV
in both groups (pv0.001) (fig. 5).
Changes in EELV, with exercise as a function of
the results of the MCA test, are illustrated by the
individual data in figure 6. Whenever flow limitation
was detected by MCA, it was associated with an
increase in EELV. This is particularly well illustrated
by the four patients who were flow limited from rest
and clearly showed a progressive increase in EELV
with exercise. These patients also tended to have the
highest degree of lung hyperinflation at rest (fig. 6).
In contrast, the three COPD patients who were never
flow limited with MCA showed an initial decrease

a)

b)

100
90

Volume % TLC pred

subject. The test was also well tolerated and none of
the subjects reported pain during the manoeuvre.
Reflex glottic closure was only observed in one patient
and this closure was evident as a transient decrease
in expiratory flow on the test flow/volume curve [9].

*
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*
*
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Rest One- Twothird thirds

Rest One- Twothird thirds

Work-rate proportion W 'max
Fig. 5. – Changes in end-expiratory ($) and end-inspiratory (#)
lung volumes from breathing at rest to exercise at one- and twothirds of maximal mechanical power output (W9max) in: a) normal
subjects; and b) chronic obstructive pulmonary disease patients.
Data are presented as mean¡SD. See Changes in end-expiratory
lung volume and tidal volume with exercise section for further
explanation. % TLC pred: percentage of predicted total lung
capacity. *: pv0.05 versus previous value.
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Fig. 6. – Changes in end-expiratory lung volume (EELV) from
breathing at rest to exercise at one- and two-thirds of maximal
mechanical power output (W9max) in: a) six normal subjects; and
b) 12 chronic obstructive pulmonary disease (COPD) patients.
Note that EELV is clearly decreased during exercise at one-third
W9max in COPD patients who never show flow limitation using
manual compression of the abdomen ($). In contrast, patients
who are flow limited from rest (#) show a progressive increase in
EELV with exercise and tend also to have higher EELVs during
resting breathing. —: other patterns of flow limitation. % TLC
pred: percentage of predicted total lung capacity.

in EELV, as normal subjects did. In these patients,
as well as in three normal subjects, increasing the
exercise level up to two-thirds W9max was associated
with a small increase in EELV, which remained,
however, in all but one of them, below the initial
values measured during resting breathing.
Tidal volume increased with exercise in both the
normal subjects and the COPD patients (pv0.001),
but to a greater extent in the former (pv0.05) (fig. 7).
At two-thirds W9max, the tidal volume increase
amounted to 156% in normal subjects but only 64%
in COPD patients (pv0.05). More interestingly, in
the COPD patients, tidal volume changes seemed
to depend upon the results of the MCA test (pv0.05).
Indeed, the tidal volume increase was greater during
exercise in patients who never showed flow limitation
than in those flow limited from rest (pv0.05).
Relationship between manual compression of the
abdomen results, maximal exercise results and
functional characteristics of chronic obstructive
pulmonary disease patients
Even if expiratory flow limitation was found to
affect the ventilatory response to exercise (fig. 6),
no difference was found in maximal exercise results
(W9max, maximal V9O2 or minute ventilation, expressed
as a percentage of the predicted value) between the
COPD patients who were flow limited from rest, those
who became flow limited during exercise and those
who were never flow limited.
Similarly, the functional characteristics of these
three groups of patients did not differ. For example,
mean FEV1 tended to be lower in patients who were

0

Rest One- Twothird thirds

Rest One- Twothird thirds

Work-rate proportion W 'max
Fig. 7. – Changes in tidal volume from breathing at rest to exercise
at one- and two-thirds of maximal mechanical power output
(W9max) in: a) normal subjects; and b) chronic obstructive
pulmonary disease (COPD) patients according to manual compression of the abdomen (MCA) results ($: never flow limited;
#: flow limited from rest; —: other patterns of flow limitation).
Tidal volume increased with exercise in both groups but the
increase was significantly greater in the normal subjects. The
increase in tidal volume in the COPD group was dependent
upon the results of MCA. See Changes in end-expiratory lung
volume and tidal volume with exercise section for further explanation. *: pv0.05 versus previous value; #: pv0.05 versus subjects
flow limited from rest.

flow limited from rest (47¡9% pred) than in those
who became flow limited during exercise breathing
(51¡16% pred) or those who were never flow limited
(71¡6% pred), although this relationship failed to
reach the level of significance (p=0.09).
Discussion
The present studies have shown that, with the aid of
inspection, abdominal palpation and, as a last resort,
lung auscultation, MCA can be applied in normal
subjects during spontaneous breaths and in COPD
patients during exercise. In accordance with previous
work [19, 23], MCA never detected flow limitation
during exercise in the normal young subjects. In
contrast, flow limitation was often detected with
MCA in the COPD patients during resting breathing
or at increasing levels of exercise. Limitation detected
in this way was systematically associated with an
increase in EELV during exercise. Finally, this test
was well tolerated. The present studies thus demonstrate that the nonstandardized MCA test is easy to
apply, even in conditions associated with increased
breathing frequency and postural motion. This
method is also reliable, since flow limitation detected
in this way was systematically associated with DH
occurrence or increase during exercise.
It has recently been shown that compression of the
abdominal wall with one hand, by grossly mimicking
the mechanical action of the abdominal muscles,
invariably causes an increase in gastric and pleural
pressures and thereby an increase in the pressure
gradient between the alveolar and the airway opening
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[9]. During resting expiration, this manoeuvre always
caused an increase in expiratory flow in normal
subjects, whereas no expiratory flow increase was
present in some COPD patients, including those with
the most severe airway obstruction [9]. The present
study during bicycle exercise in normal subjects and
COPD patients not only extends the authors9 previous findings, but also shows that inspection and
abdominal palpation in this situation most often
permitted identification of the expiratory phase and
the appropriate time for compression of the abdomen.
Inspection may also help to identify paradoxical
abdominal motion during resting or exercise breathing. Whenever these methods failed, lung auscultation
proved useful. In some cases, however, compression
could not be applied at the very beginning of resting
expiration during exercise. Since flow limitation can
be present during the entire range or only the lower
part of volume change during resting expiration and
not the reverse [9–13], delayed compression did not
affect test interpretation. Indeed, in the present study,
patients were considered flow limited whether flow
limitation was present during the entire range or
restricted to the lower part of volume change during
resting expiration.
Limitations related to tonic contraction of the
diaphragm and abdominal muscles during exercise
During exercise or limb movement, the diaphragm
and transversus abdominis are also involved in
postural tasks [25, 26]. It may therefore be hypothesized that tonic activity of the diaphragm, for
example, may affect the results of MCA through
intra-abdominal pressure increases. This possible
limitation, however, is unlikely to be important
because the MCA test is qualitative. It is also highly
unlikely that the lack of increase in expiratory flow
during MCA in COPD patients with increasing levels
of exercise is related to tonic contraction of the
diaphragm and/or abdominal muscles for the following reasons. First, this limitation should also apply
to the six normal subjects studied, such that "false"
expiratory flow limitation should also have been
observed in them. However, MCA always caused a
clear-cut increase in expiratory flow with increasing
exercise levels in normal subjects. Secondly, in the
condition of increased intra-abdominal pressure associated with tonic postural contraction of the transversus abdominis and diaphragm, respiratory airflow
is achieved by cyclic changes in the shape of the
pressurized abdominal cavity due to alternate modulation of ongoing transversus abdominis and diaphragmatic contraction [25, 26]. With this in mind,
MCA may be considered as a means of amplifying
expiratory modulation by mimicking the mechanical
action of the transversus abdominis. Thirdly and
finally, whenever flow limitation was detected with
MCA, it was associated with EELV increase. This
relationship would not have been systematically
present in the case of false expiratory flow limitation
related to tonic postural contraction of respiratory
muscles.
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False-positive comparisons related to gas compression
during manual compression of the abdomen
Several observations suggest that the gas compression artefact [17] does not play a significant role
during flow limitation assessment with MCA. First,
the compression force was not calibrated and it would
be expected, if this limitation was present in the
manoeuvres associated with the highest intrathoracic
pressures, that this method might lead to conflicting
results in any given subject. In contrast, analysis of
successive MCA tests led to consistent interpretation in any given subject. Secondly, the finding that
flow limitation detected by MCA was systematically
associated with increases in EELV (fig. 6) also argues
against the hypothesis of false-positive comparison
related to gas compression. Finally, MCA could still
increase expiratory flow in 11 situations, in seven
patients, in which flow limitation was suspected on
the basis of the conventional method (table 2). However, on the basis of MCA results, the conventional
method, which is clearly associated with possible gas
compression artefact [17], led to 35% false-positive
comparisons.
As illustrated in table 2, contradictory results
between MCA and the conventional method were
observed in only two (subjects no. 10 and 16) of the
twelve COPD patients during exercise at two-thirds
W9max. However, with increasing ventilation, the prevalence of "true" expiratory flow limitation increases,
which should reduce the disagreement between the
two methods. This is particularly well illustrated
by the group of five patients showing contradictory
results at rest: disagreement between the two methods
was present in only one of them during exercise at
two-thirds W9max (subject no. 10). At the same time,
however, disagreement may potentially increase with
increasing (exercise) ventilation, because, in patients
who are not flow limited at rest on the basis of both
assessments, overestimation with the conventional
method may appear during exercise, as illustrated
by subjects no. 16 and 18. This is probably due
to the fact that, with the latter method, artefacts
related to gas compression and changes in time and
volume history [9, 17], in a patient whose ventilation
gets progressively closer to limitation, may become
significant and lead to false-positive comparison.
In the present study, flow limitation on the basis of
the MCA test was always associated with increases
in EELV. In contrast, increases in EELV were occasionally observed during increasing exercise in the
absence of flow limitation, presumably as a consequence of decreased expiratory time and increased
tidal volume. As previously reported [13, 23, 27], in
the group of patients with COPD, the tidal volume
increase during exercise was less than that in the
control group. The pattern of change in tidal volume
with exercise in the COPD patients also varied as a
function of the MCA results: the increase was smaller
in the COPD patients who were flow limited from rest
than in those who never showed flow limitation on
MCA (fig. 7). The smaller increase in tidal volume in
the patients limited from rest is probably due to severe
DH during exercise (fig. 6) together with increased
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elastic work of breathing and decreased efficiency of
the inspiratory muscles [2, 6]. As in a previous study
[13], the authors of the present study found no
significant relationship between the results of flow
limitation detection and maximum exercise capacity.
This may be explained by the small number of patients
studied and by variability in other factors contributing
to exercise performance, such as physical deconditioning. Indeed, in a recent larger study (52 patients), the
results of flow limitation detection using the NEP
technique were related to maximal exercise data [28].
The NEP technique has recently been shown to be a
reliable method for the detection of flow limitation
during resting breathing and during exercise [12, 13].
Relative to MCA, this method has the advantage that
the pressure applied and the time when it is applied
are chosen, but it requires a special device and, in
contrast to MCA, the results may occasionally be
affected by increased upper airway collapsibility
[9, 15]. According to the facilities available, one of
these two techniques or their combination may be
used to detect flow limitation in the COPD patient
breathing at rest or during exercise.
Detection of expiratory flow limitation during
exercise in COPD may have clinical implications.
Expiratory flow limitation is the main factor contributing to the development of DH in the COPD
patient and conditions during incremental exercise
or even daily activities have been shown to be major
contributors to breathlessness [14, 27, 29]. The simple
MCA test, which does not require the cooperation
of the patient, may be of help in better understanding the mechanisms of exercise-associated dyspnoea
in COPD patients. In addition, detection of flow
limitation may be of interest since it affects the
ventilatory response to exercise (fig. 6), as well as
maximum exercise capacity [28].
In conclusion, compression of the abdominal wall
with one hand is a very simple and reliable test that
allows flow limitation detection during resting breathing as well as during exercise. This method requires
no special device nor cooperation of the patient.
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