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Abdominal muscle recruitment and PEEPi
during bronchoconstriction in chronic
obstructive pulmonary disease

Massimo Gorini, Gianni Misuri, Roberto Duranti, Iacopo Iandelli, Marco Mancini,

Giorgio Scano

Abstract

Background - It has been recently shown
that, when breathing at rest, many patients
with severe chronic obstructive pulmonary
disease (COPD) contract abdominal
muscles during expiration, and that this
contraction is an important determinant
of positive end expiratory alveolar pres-
sure (PEEPi). In this study the effects of
acute bronchoconstriction on abdominal
muscle recruitment in patients with severe
COPD were studied, together with the
consequence of abdominal muscle action
on chest wall mechanics.

Methods - Breathing pattern, pleural
(PrPL) and gastric (PGA) pressures, and
changes in abdomen anteroposterior (AP?)
diameter were studied in 14 patients with
COPD (mean forced expiratory volume
in one second (FEV,) 1.06 (0.08) 1) under
control conditions and during histamine-
induced bronchoconstriction.

Results — The analysis of plots of PGA ver-
sus the AP diameter of the abdomen re-
vealed that during maximal broncho-
constriction (decrease in FEV, of 34.8%
(95% confidence intervals (CI) 29.9 to 39.7))
the expiratory rise in PGA increased sig-
nificantly whereas end expiratory ab-
domen AP diameter decreased, indicating
marked abdominal muscle recruitment.
As a consequence, the rib cage com-
partment accounted for all of the volume
of hyperinflation during bronchoconstric-
tion (mean value 0.66 1, 95% CI 0.49 to
0.83). Positive end expiratory alveolar
pressure during progressive broncho-
constriction was related directly to the ex-
piratory rise in PGA and inversely to the
expiratory time.

Conclusions — The results indicate that, in
patients with severe COPD, the abdominal
muscles are recruited during acute bron-
choconstriction. This recruitment prob-
ably preserves diaphragm length at the
beginning of inspiratory muscle con-
traction despite the hyperinflation, and
contributes significantly to positive end
expiratory alveolar pressure. The degree of
dynamic pulmonary hyperinflation during
bronchoconstriction can be overestimated
if abdominal muscle contraction is not as-
sessed.

(Thorax 1997;52:355-361)

Keywords: expiratory muscles, acute airway ob-
struction, dynamic pulmonary hyperinflation.

Ithas been recently shown that, when breathing
at rest, many patients with severe chronic ob-
structive pulmonary disease (COPD) contract
the abdominal muscles during expiration and
relax them in the first part of inspiration.'™
When breathing at rest abdominal muscle con-
traction during expiration is an important de-
terminant of positive end expiratory alveolar
pressure in these patients.?*

Attacks of acute bronchoconstriction often
occur in patients with COPD when exposed
to air pollutants, irritant fumes, and during
respiratory infections.” Smooth muscle con-
traction and airway inflammation are generally
considered prominent mechanisms of in-
creased airway obstruction during acute ex-
acerbations of disease.® The effects of acute
bronchoconstriction on chest wall mechanics,
however, have been studied in young, asympto-
matic asthmatic patients’ but not in patients
with COPD and severe airflow obstruction.

We have therefore investigated the effects
of acute bronchoconstriction on abdominal
muscle recruitment, and analysed the potential
consequence of abdominal muscle action on
chest wall mechanics and positive end ex-
piratory alveolar pressure (PEEPi) in patients
with severe COPD.

Methods

SUBJECTS

The study was performed in 14 male out-
patients with stable COPD.® Inclusion criteria
to the study were severe airflow obstruction
(forced expiratory volume in one second
(FEV)) <50% predicted) and age <75 years.
The exclusion criteria were FEV, <0.8 1, left
ventricular dysfunction, neuromuscular dis-
orders, neoplasia, thoracic surgery, and mod-
erate to severe obesity (body weight >130% of
ideal weight®). Each patient had been in a
clinically stable condition for at least four weeks
before the study. All patients gave informed
consent to the protocol as approved by the
institution’s ethics committee.

MEASUREMENTS

All patients were studied while sitting com-
fortably in a high-backed armchair with a firm
back and headrest. Each patient breathed
through a mouthpiece, wearing a nose clip.
Spirometric tests were performed according to
standard technique using a water-sealed spiro-
meter (Godart); functional residual capacity
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Figure 1 Record of volume (increased upward), flow, pleural pressure (PPL) and gastric
pressure (PGA) under control conditions (C) and during acute bronchoconstriction (B) in
a representative patient with COPD. The arrows indicate the onset of inspiratory effort
and the vertical lines correspond to the onset of inspiratory flow. Dynamic positive end
expiratory alveolar pressure was calculated as the negative deflection in PPL (A) that
preceded the start of inspiratory flow. The increase in PGA during expiration (E) is also
illustrated.
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(FRC) was measured by helium dilution tech-
nique. Predicted values for lung function vari-
ables are those proposed by the European
Community for Coal and Steel.’° Arterial blood
gas tensions were measured with an ABL-3
analyser (Radiometer, Copenhagen, Den-
mark).

Bronchoconstriction of progressively in-
creasing severity was induced by administration
of an aerosol of histamine which was increased
in doubling concentrations (initial concen-
tration, 0.015 mg/ml). Solutions of histamine
acid phosphate were administered during tidal
breathing over two minutes with a nebuliser
(DeVilbiss 646, Somerset, Pennsylvania, USA)
that delivered 0.31 ml/min at an airflow of
61/min. End tidal carbon dioxide pressure
(PeTCO,) was sampled continuously at the
mouth by an infrared carbon dioxide meter
(Datex Normocap), and arterial oxygen sat-
uration (Sa0,) was monitored with an ear oxi-
meter (Radiometer). Histamine administra-
tion was discontinued any time one of the
following criteria was met: a fall in FEV, of
>20% of control and >0.2 1; a fall in Sao, of
>4%; or enough discomfort or breathlessness
to induce the patient to interrupt the test.

Airflow was measured with a no. 3 Fleisch
pneumotachograph and a Validyne pressure
transducer (Validyne Corporation, Northridge,
California, USA), and the flow signal was in-
tegrated into the volume. The dead space of
the mouthpiece and flowmeter was 70 ml and
the resistance of the equipment was 0.92 cm
H,O/l/s. Assuming that the total lung capacity
(TLC) did not change during induced bron-
choconstriction,'! end expiratory lung volume
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was obtained by repeated measurements of
inspiratory capacity which was subtracted from
TLC measured under control conditions.

Changes in abdominal dimensions were de-
termined using linearised magnetometers.'> A
pair of magnetometer coils was attached on the
midline to measure the anteroposterior (AP)
diameter of the abdomen 2 cm above the um-
bilicus. Changes in the AP diameter of the
abdomen during tidal breathing were expressed
in arbitrary units.

Mouth pressure (PM) was measured through
a side port at the mouthpiece using a differential
pressure transducer (Validyne). Oesophageal
(Poes) and gastric (PGA) pressures were
measured with conventional balloon catheter
systems connected to Validyne differential pres-
sure transducers as previously described.'®> One
balloon positioned in the mid oesophagus and
containing 0.5 ml of air measured POEs; the
other, positioned in the stomach with the bal-
loon tip 65-70 cm from nares and containing
2 ml of air, simultaneously measured PGA. POEs
was used as an index of pleural pressure (PPL)
and PGA as an index of abdominal pressure.
Transpulmonary pressure (PL) was obtained
by electrical subtraction of PpPL from Pm.

Total lung resistance was measured during
resting breathing using the isovolume method
of Frank and coworkers." To evaluate end
expiratory alveolar pressure we used the in-
direct method rather than the direct method
of airway occlusion.'”'® In fact, awake subjects
react to airway occlusion in an unpredictable
fashion so that no reliable measurement of
alveolar pressure can be obtained. We thus
looked for the presence of a time lag between
the fall in PrL at the onset of the inspiratory
effort and the onset of inspiratory airflow and
measured the negative deflection in PPL that
preceded the start of inspiratory flow (fig 1).
This negative deflection in PrL will be referred
to here as dynamic PEEPi for consistency with
previous investigations.'” '® We also assessed the
change in PGA resulting from the contraction
of the abdominal muscles during expiration. In
agreement with previous studies,?* the increase
in PGA that occurs during the expiratory phase
of the breathing cycle was taken as a reflection
of the mechanical effects of abdominal muscle
contraction (fig 1). All signals were recorded
continuously on a multichannel chart recorder
(Gould, TA4000).

PROTOCOL
Before the experiments each subject was well
acquainted with the laboratory and equipment.
Lung function tests were performed first. An
intravenous line was then established and, after
a 20 minute period of rest, PETCO,, Sa0,, flow,
volume, PM, PPL, PGA, and AP diameter of the
abdomen were recorded during two periods of
quiet resting breathing over 20 minutes. Two
minutes after each histamine concentration was
given measurements during resting breathing
were repeated over 2—-3 minutes followed by
inspiratory capacity and FEV, assessment.
After completion of measurements of lung
function under control conditions no change
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Table 1 Anthropometric characteristics and pulmonary function data in 14 patients with COPD

Patient Age Weight FEV, FEV, 149 FRC TLC Pao, Paco,
no. (vears) (% IW) @ (% pred) (% pred) (% pred) (% pred) (kPa) (kPa)
1 69 111 0.81 31.0 72.1 141.2 106.8 11.1 5.7
2 69 118 0.83 29.9 87.2 150.6 112.7 10.0 5.8
3 52 98 1.20 38.6 91.0 136.0 105.0 10.5 5.3
4 58 118 0.82 30.5 81.0 121.2 106.6 10.0 5.1
5 61 114 0.81 26.2 89.6 179.4 125.6 9.2 5.9
6 62 110 1.40 49.1 101.6 114.8 111.0 12,5 5.2
7 74 95 0.95 36.7 98.2 136.5 107.0 11.3 5.6
8 71 118 1.30 48.5 89.2 200.2 149.6 9.5 5.7
9 71 108 0.80 33.0 124.0 160.0 130.5 10.1 5.8
10 63 115 0.82 24.5 50.0 168.3 107.8 8.2 7.7
11 53 109 0.85 25.3 61.5 124.9 91.1 11.4 5.7
12 63 102 1.50 48.7 95.6 202.2 151.6 10.7 5.7
13 64 90 1.30 40.4 89.0 120.0 99.0 10.9 5.5
14 57 120 1.45 47.3 94.0 98.0 103.8 10.5 5.6

Mean (SE) 63.4(2.0) 109(8.5) 1.06(0.08) 36.4(2.6) 87.4(8.2) 146.7(9.2) 114.9(5.2) 10.4(0.3) 5.7(0.2)

IW =ideal weight.

in posture was permitted in order to avoid any
motion artefact on magnetometer signals. At
the end of experiments albuterol was ad-
ministered by a nebuliser. A physician not in-
volved in the study checked the clinical
conditions of the patients throughout the ex-
periments until FEV, and Sao, returned to
baseline values.

DATA ANALYSIS

Data were averaged for the group of subjects
and are presented as means (SE). Data ob-
tained under control conditions and during
maximal bronchoconstriction were compared
using the Student’s ¢ test for paired samples.
Changes from baseline values in measured vari-
ables during maximal bronchoconstriction are
presented as means with 95% confidence in-
tervals (95% CI). Single and stepwise multiple
regression analyses were performed to assess
relationships between variables. The pro-
portion of total variance in the dependent vari-
able accounted for by the predictor variable(s)
is reported as the square of correlation co-
efficient (r?), expressed as a percentage. A p
value of <0.05 was considered statistically sig-
nificant.

Results
Anthropometric and baseline pulmonary func-
tion data of the 14 patients are shown in table
1. Breathing room air, all patients had a Pao,
>8 kPa and 13 were eucapnic (Paco, <6 kPa).
The geometric mean of the largest con-
centration of histamine administered was 0.057
mg/ml. FEV, fell by mean of 34.8% of the
control value (95% CI29.9 to 39.7) at maximal
bronchoconstriction, and this was accom-
panied by a rise in pulmonary resistance from
a control value of 9.9 (0.8) to 22.8 (2.1) cm
H,O/1/s (mean change 12.9 cm H,0/1/s, 95% CI
8.3 to 17.6). End tidal carbon dioxide pressure
increased from 5.7 (0.2) to 6.3 (0.3) kPa
(mean change 0.6 kPa (95% CI 0.2 to 1.0),
p <0.05), and Sao, fell from 95.9 (0.6) to
92.6 (1.0)% (mean change —3.4% (95% CI
—2.0 to —4.8), p <0.001).

All patients hyperinflated acutely during
bronchoconstriction, the mean increase in end
expiratory lung volume being 0.66 1 (95% CI

0.49 to 0.83; p <0.001; fig 2). Compared with
control conditions minute ventilation (VE)
remained unchanged during maximal bron-
choconstriction (12.2 (0.5) and 11.6 (0.9)
I/min, respectively) whereas tidal volume de-
creased from 0.71 (0.02) to 0.52 (0.04) 1 (mean
change —0.19 1 (95% CI —0.12 to —0.26,
p <0.001) and respiratory frequency (f) in-
creased from 17 (1.0) to 22 (2.5) cycles/min
(mean change 5 cycles/min (95% CI 2 to 8;
p <0.01; fig 2). The increase in respiratory
frequency was due to significant reductions
both in inspiratory (p <0.001) and expiratory
time (p=0.01).

Plots of the AP diameter of the abdomen
versus PGA obtained under control conditions
and during maximal bronchoconstriction in
two representative patients are shown in fig 3.
Under control conditions in the patient shown
in fig 3A inspiration was associated with a
progressive rise in PGA and a progressive in-
crease in AP diameter of the abdomen which
indicates a shortening and a descent of the
diaphragm, whereas during expiration the fall

1.4 —

Volume (1)

Time (s)

Figure 2 Average breathing pattern under control
conditions (continuous line) and during maximal
bronchoconstriction (dashed line) in 14 patients with
COPD. Bars indicate SE; the zero on the y axis represents
end expiratory lung volume under control conditions.
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Figure 3 Plots of changes in anteroposterior (AP) diameter of the abdomen versus gastric pressure (PGA) in rwo
representative patients with COPD under control conditions (continuous line) and during maximal bronchoconstriction
(dashed line). The closed circles in each panel indicate the end of expiration; the arrows mark the inspiratory phase of
the breathing cycles and indicate the direction of the loops. AU = arbitrary units.

in PGA occurred together with a decrease in
abdominal AP diameter. The plot of the AP
diameter of the abdomen versus PGa in this
patient thus had a positive slope and the loop
was counterclockwise. This pattern was ob-
served in six of the 14 patients. In contrast, in
the patient shown in fig 3B under control
conditions expiration was characterised by two
phases. In the first PGA and abdominal AP
diameter decreased in the same way as in the
patient in fig 3A, but in the second phase PGA
started to rise while the AP diameter of the
abdomen continued to decrease, indicating act-
ive contraction of the abdominal muscles. As
a result of these changes, the plot of abdominal
AP diameter versus PGA had a figure of eight
pattern. Eight of the studied patients exhibited
this pattern under control conditions.

In all patients bronchoconstriction was as-
sociated with considerable recruitment of
abdominal muscles during expiration. The ex-
piratory rise in PGA increased significantly from
2.0 (0.3) cm H,O under control conditions to
6.1 (1.0) cm H,O during maximal broncho-
constriction (mean change 4.1 cm H,O (95%
CI 2.6 to 5.6), p <0.001). In eight patients,
as in the representative one shown in fig 3B,
most of the rise in PGA during broncho-
constriction occurred during the expiratory
rather than the inspiratory phase of the breath-
ing cycle. Just prior to the start of inspiration
Paa fell abruptly and continued to fall during
the first portion of inspiration whereas the AP
diameter of the abdomen increased. In the last
portion of inspiration, however, PGA increased
again while the AP diameter of the abdomen
continued to rise because of the active con-
traction of the diaphragm. As a consequence,
in these patients the plots of PGA versus the
AP diameter of the abdomen became mostly
clockwise with a negative slope. Abdominal
muscle recruitment was also observed in the
other six patients. In these patients, however,
as shown in the representative example in fig
3A, even during bronchoconstriction most of
the rise in PGA continued to occur during the

inspiratory phase of the breathing cycle and
the plots of the AP diameter of the abdomen
versus PGA maintained a positive slope.

As a mean, excursion in the AP diameter
of the abdomen during tidal breathing was
increased during bronchoconstriction (mean
increase 31.8% of abdominal excursion during
tidal breathing in control conditions (95% CI
2.8 to 60.8), p <0.05). This increase was es-
sentially due to a significant reduction in the
AP diameter of the abdomen at the end of
expiration (mean decrease 32.2% of abdominal
excursion during tidal breathing in control con-
ditions (95% CI 9.5 to 54.9), p <0.01), the
dimension of the abdomen at the end of in-
spiration being unchanged (fig 4). Fur-

Abdomen AP diameter (AU)

gl

Figure 4 Mean changes in anteroposterior (AP) diameter
of the abdomen during tidal breathing in 14 patients with
COPD under control conditions (open bar) and during
maximal bronchoconstriction (hatched bar). The
horizontal line corresponds to the AP diameter of the
abdomen at the end of expiration under control conditions.
The portion of the hatched bar below the horizontal line
represents the reduction in the AP diameter of the abdomen
at the end of expiration during bronchoconstriction.
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Figure 5 Relationship between dynamic PEEPI and (A) the expiratory rise in gastric pressure (PG4) and (B) the
expiratory time during progressive bronchoconstriction in 14 patients with COPD. The solid lines are the regression lines

and different symbols correspond to individual patients.

Table 2 Stepwise multiple regression analysis for PEEPI

Variable Coefficient ~ Model (%) F p value
Pca 0.67 52.3 66.8 <0.001
TE —1.22 57.8 7.8 <0.01
Constant 5.61

PEEPi=positive end expiratory alveolar pressure; PGa=ex-
piratory rise in gastric pressure; TE =expiratory time.

thermore, the AP diameter of the abdomen
at the beginning of the rise in PGA during
inspiration — that is, at the onset of diaphragm
contraction — did not change consistently dur-
ing bronchoconstriction as it was slightly re-
duced or unchanged in eight patients and
slightly increased in the other six.

Under control conditions dynamic PEEPi
was present in all patients but two, with a mean
value of 3.0 (0.6) cm H,0O. Dynamic PEEPi
was significantly greater in the eight patients
who showed an expiratory rise in PGA than in
the six patients without evidence of abdominal
muscle contraction during expiration (4.0 (0.6)
and 1.9 (0.6) cm H,O, respectively, p <0.05).
During maximal bronchoconstriction PEEPi
increased in all patients (mean change 4.4 cm
H,O0 (95% CI 3.4 to 5.4), p <0.001). In the
patients as a whole, PEEPi during broncho-
constriction was significantly related to the
expiratory rise in PGA (”*=52.3%, p <0.001)
and expiratory time (*=15.3%, p <0.01; fig
5) but not to the change in end expiratory lung
volume. Stepwise multiple regression analysis
showed that expressing PEEPi as a combined
function of the expiratory rise in PGA and ex-
piratory time increased slightly the explained
variance in PEEPi beyond the contribution of
the expiratory rise in PGA. The coefficient and
F value of both variables in the final equation,
and the model /? as each variable is added, are
shown in table 2.

Discussion

The main findings of the present study can be
summarised as follows: (1) in patients with
COPD with severe airflow obstruction acute

bronchoconstriction elicited a significant in-
crease in the expiratory rise in PGA and changes
in the plots of PGA versus the AP diameter of
the abdomen, indicating marked recruitment
of abdominal muscles during expiration; (2)
abdominal muscle recruitment resulted in a
reduction in the AP diameter of the abdomen
at the end of expiration such that all of the
volume of hyperinflation elicited by bron-
choconstriction was incorporated in the rib
cage compartment of the chest wall; (3) the
increase in dynamic PEEPi during bron-
choconstriction was significantly related to the
expiratory rise in PGA.

The recruitment of abdominal muscles dur-
ing bronchoconstriction was evaluated in this
study by simultaneously recording PrL, PGaA
and abdominal displacement, and by the ana-
lysis of the plots of the AP diameter of the
abdomen versus PGA. The use of volume-pres-
sure plots to infer recruitment of different
groups of respiratory muscles has been pro-
posed by Grimby and associates,'” and it was
subsequently used in normal subjects'®!® and
in patients with COPD.???° The present study
did not include electromyographic (EMG) re-
cordings from the abdominal muscles. Our
findings clearly show, however, that during
bronchoconstriction there was a marked rise in
PGA during expiration associated with a de-
crease in the AP diameter of the abdomen.
Hence, compared with the control condition,
during bronchoconstriction the volume-pres-
sure loops of the abdomen either became
mostly clockwise with a negative slope or had
a figure of eight pattern. These alterations, even
in the absence of EMG recordings,'?' clearly
indicate that, during bronchoconstriction,
patients with COPD with severe airflow ob-
struction recruited abdominal muscles during
expiration to a significant degree.

The mechanisms by which broncho-
constriction induces abdominal muscle re-
cruitment may only be hypothesised. In our
patients bronchoconstriction was associated
with CO, retention, as suggested by the increase
in PETCO,, and hyperinflation. Both these fac-
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tors are known to elicit expiratory muscle
activation.???* In addition, bronchoconstriction
increases the activity of irritant receptors®
which may induce expiratory muscle re-
cruitment.? Finally, as recently pointed out by
Younes,?” abdominal muscle contraction dur-
ing expiration may be a non-specific natural
component of the response of the respiratory
system to the increased respiratory stimulus.

As recently discussed by Ninane and col-
leagues, the usefulness of abdominal muscle
contraction during expiration in flow-limited
COPD patients remains uncertain.'? In the
present study, however, we observed that: (1)
abdominal muscle recruitment during bron-
choconstriction resulted in a decrease in the
AP diameter of the abdomen at the end of
expiration; (2) the dimensions of the abdomen
at the beginning of the inspiratory rise in PGa,
which indicates the onset of diaphragm con-
traction, was unchanged compared with con-
trol conditions; (3) bronchoconstriction was
associated with an increase in end expiratory
lung volume in all patients. Thus, not only all
of the volume of hyperinflation induced by
bronchoconstriction was incorporated in the
rib cage compartment, but this latter also in-
cluded the volume by which the abdominal
compartment decreased. These findings, in line
with those obtained during exercise in patients
with severe COPD,* suggest that abdominal
muscle recruitment during bronchoconstric-
tion allows preservation of diaphragm muscle
fibre length and the force generating ability of
the diaphragm at the onset of inspiratory
muscle contraction,'”’® in spite of lung hyper-
inflation.

On the other hand, the distribution of all of
the volume of hyperinflation to the rib cage
reduces the operational length of the rib cage
inspiratory muscles. Although the force gen-
erating ability of the parasternal intercostal
muscles, the main inspiratory muscles of the
rib cage, appears to be greater at a high lung
volume than at a low volume,?® recent animal
studies?” suggest that their ability to expand the
rib cage and inflate the lung is decreased during
hyperinflation due to increased impedance of
the ribs to cranial motion.”® Recruitment of
abdominal muscles during acute broncho-
constriction in patients with severe COPD
may therefore have a protective effect on the
diaphragm but it may increase the load on the
rib cage inspiratory muscles.

Although PEEPi has usually been interpreted
as indicating dynamic hyperinflation and used
for its quantification, expiratory muscle activity
may also increase alveolar pressure at the end
of expiration.?* Our results show that, under
control conditions, PEEPi was significantly
greater in the eight patients who had mech-
anical evidence of abdominal muscle con-
traction than in those who did not. Further-
more, although there was some variability be-
tween patients, a significant relationship was
found during bronchoconstriction between the
expiratory rise in PGA and PEEPi such that
alveolar pressure was greater as the rise in PGA
was larger. In line with previous data obtained
in patients with COPD breathing at rest** and
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during mechanical ventilation,?** these results
clearly suggest that PEEPi is, to a significant
extent, also related to the transmission, through
the relaxed diaphragm, of the rise in abdominal
pressure due to abdominal muscle contraction
during acute bronchoconstriction. This does
not disagree with the concept that dynamic
pulmonary hyperinflation increases during
acute bronchoconstriction in patients with
severe COPD. In our patients bronchocon-
striction elicited significant hyperinflation so
that end expiratory lung volume was probably
higher than the relaxation volume of the res-
piratory system. Furthermore, PEEPi was also
weakly related to expiratory time and, ex-
pressing PEEPi as a combined function of the
expiratory rise in PGA and expiratory time,
increased slightly but significantly the explained
variance in PEEPi beyond the contribution of
the expiratory rise in PGA. Because positive
end expiratory alveolar pressure resulting from
expiratory muscle contraction does not rep-
resent an inspiratory threshold load, our results
suggest that the use of continuous positive
airway pressure (CPAP) or external PEEP to
reduce inspiratory muscle work in patients with
acute exacerbations of COPD require the as-
sessment of abdominal muscle contraction dur-
ing expiration. In fact, in these patients the use
of an excessive level of external PEEP or CPAP
may increase hyperinflation with the attendant
risks of enhanced shortening of the inspiratory
muscles, barotrauma, and haemodynamic
compromise.’’

In conclusion, we have shown that, during
acute bronchoconstriction, patients with
COPD recruit abdominal muscles to a sig-
nificant degree during expiration. This re-
cruitment probably preserves diaphragm length
despite hyperinflation, but it may increase the
load on the inspiratory muscles of the rib cage.
It also appears that the active contraction of
abdominal muscles during expiration is an im-
portant determinant of “PEEPi” so that the
degree of dynamic pulmonary hyperinflation
during bronchoconstriction may be over-
estimated.

This study was supported by grants from the Ministero
dell’Universita e della Ricerca Scientifica e Tecnologica of Italy.
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