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ABSTRACT: In conscious subjects, the occlusion pressure measured ln 
the Initial part or the Inspiration (up to :ZOO ms) appears to be a valid 
Index or output or the respiratory centres. To Interpret any relative 
change In occlusion pressure, the shape or the occlusion-pressure wave 
must remain absolutely constant. The purpose or this study was to test 
the hypothesis that the shape or occlusion-pressure wave does not change 
during exercise. However, we found that the shape cbanged slgnlflcantly 
during cycle Incremental-load exercise In five healthy subjects and ln 12 
of 17 patients with chronic obstructive pulmonary disease. The major 
change appeared during the second half or the exercise and mainly during 
the last workloads. This study shows that lt Is necessary to take Into 
consideration this form change to Interpret any relative change In 
mechanical transforms or the Inspiratory neural output such as pressure 
at 0.1 s (P

0 
) and mean Inspiratory now (VT/TJ) or their ratio. This 

finding confirms, In direct fashion, the expected rorm change from 
previous data In which P0.l Is thought to measure the rate or change In 
chest wall muscle pressure (Pmus) over a segment somewhat removed 
from the onset of neural Inspiration. 
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In conscious subjects, the initiaJ part (200 ms) of the 
inspiratory occlusion-pressure wave is not altered by 
conscious or reflex reactions and the pressure measured 
during this time interval appears to be a valid index of 
output of the respiratory centres. Respiratory neural 
drive (NRD) depends on the neural discharge, and in
spiratory muscle output depends on both NRD and 
muscle effectiveness [1]. To interpret any relative change 
in occlusion pressure early in the inspiration, in the 
same subject, it is absolutely necessary that the shape 
of occlusion-pressure wave remain unchanged except 
for amplitude and duration [1]. This had been conttolled 
during C0 1 rebreathing in anaesthetized cats and humans 
and no major change has been found [2, 3). In the case 
of exercise-induced hyperventiJation , shape constancy 
is not generally verified and interpretation errors may 
result, mainly from analysis of change in mechanical 
IJ'ansformation of neural output as assessed by pressure 
at 0.1 s (P0), mean inspiratory flow (VT/TI) and their 
ratio termed "effective inspiratory impedance". A 
change in occlusion-pressure wavefonn can be indirectly 
expected from previous data: when end-expiratory 
volume is lowered through recruitment of expiratory 
activity. the P 0•1 will overestimate inspiratory muscle 
force [4]; advancing the point of equilibrium between 
elastic recoil and chest wall muscle pressure (Pmus), 
and thus advancing the segment exposed by P

0
.
1 

would 
result in measured P0.1 being lower even in the absence 
of any change in Pmus wavefonn [5, 6]. 

The aim of the present study was to verify the 
validity of the hypothesis of shape constancy in the 
occlusion-pressure wave during exercise in healthy 
subjects as well as in patients with chronic obstructive 
pulmonary disease. We found that the shape changed 
significantly during exercise in most of the subjects, 
and thus that any relative change in P

0
•
1 

and P
0
•
1
NT/TI 

during exercise should be interpreted with caution. 

Methods 

Population 

Five healthy subjects (N) and 17 out-patients with 
chronic airflow obstruction (CAO) were studied. 
Healthy subjects were nonsmokers and had no previous 
history of pulmonary or cardiovascular disease. We 
selected patients with clinicaJ and physiological evidence 
of chronic airnow limitation according to the American 
Thoracic Society [7). The CAO group was composed 
of various patients suffedng from chronic bronchitis 
(CB) (n=7), emphysema (roentgenologic evidence) 
(EMP) (n=5) and post-tuberculous fibrosis (PT) (n=5). 
Patients with acute bronchia.! infection or history of 
asthma were excluded. All patients were familiar with 
pulmonary function testing and gave infonned consent 
for this study. The physical characteristics and lung 
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Table 1. - Physical characteristics and lung function tests in healthy subjects and CAO patients 

Group Sex Age Height Weight VC FEVJVC RV(fLC TLC Pao
2 

MP yrs cm kg %pred % % % pred mmHg 

N 32 26 171 60 103 88 25 109 
n=5 ±1.3 ±11.6 ±13.2 ±9.6 ±5.1 ±2.2 ±9.5 

CB 7 0 56 171 66 66 36 59 104 67 38 93.3 
n=7 ±17.8 ±6.7 ±13.9 ±14.5 ±13.3 ±5.9 ±14.3 ±6.2 ±2.5 ±2.06 

EMP 3 2 56 169 57 75 28 60 136 69 35.5 94.0 
n=5 ±7.6 ±5.1 ±14.4 ±13.9 ±5.9 ±8.1 ±19.4 ±3.5 ±4.2 ±1.58 

PT 3 2 58 167 59 46 53 50 68 71 41 92.4 
n=5 ±12.9 ±9.7 ±17.2 ±12.4 ±7.9 ±13.1 ±14.5 ±12.3 ±5.5 ±5.68 

Mcan±so. N: healthy subjects; CB: chronic bronchitis; EMP: emphysema; PT: posttuberculous fibrosis; % pred: percentage of 
predicted value; VC: vital capacity; FEVJVC: forced expiratory volume in one second as percentage of VC; RV(fLC: residual 
volume as percentage of TLC; TLC: total lung capacity; Pao

1
: arterial oxygen tension; Paco2: arterial carbon dioxide tension; 

Sao
2

: arterial oxygen saturation; CAO: chronic airflow obstruction. 

function tests of healthy subjects and patients are given 
in table 1. The predicted values for lung function tests 
are those of QuANffiR et al. [8]. At exercise on cycle 
ergometer, maximum workload in patients ranged from 
30-180 W, and maximal ventilation ranged from 17-
85 /·min·'. 

Material and protocol 

Static lung volumes were measured with a water
sealed spirometer (Spirotest 3, Jaeger, West Germany); 
functional residual capacity (FRC) was measured by 
helium dilution technique. Blood gases were determined 
from an arterialized ear lobe blood sample at rest 
(Coming 170, Corning, France). Exercise was per
formed using a bicycle ergometer (Gauthier EPC 7701, 
Paris France). After a 3 min rest, each subject performed 
an incremental exercise (30 W/3 min) until exhaustion 
(subject unable to maintain cycling frequency above 40 
rpm). Inspiratory mouth occlusion was performed with 
an electromagnetic valve (6655, Mecalectro, Paris, 
France) which could be closed or opened by a command 
sent on line to a peripheral interface adapter (PIA6821 , 
MID, Paris, France) via an analogue driver that 
amplified the PIA signal and slowed down valve closure 
during expiration. Another line for the same PIA was 
used to connect or disconnect the mouth pressure 
transducer (MP45±50 cmHp, Validyne, Northridge, 
CA) from the mo uthpiece via a threeway micro 
solenoid valve (6523, Kuhnke, Malente, West Germany). 
This permitted an automatic resetting of the mouth 
pressure signal after each occlusion. The inspiratory 
re sistance of the occlusion apparatus was 1.5 
cmf\O·I"'·sand its deadspace was 100 cm3• An Apple He 
microcomputer (MID) was used to drive the valves and 
process the data. Mouth pressure was digitized by means 
of a 12 bits analogue to digital converter (CAN1 612Ml, 
MJD) at a sampling rate of 200 Hz. Real-Lime process
ing recognized inspiratory and e7;piratory phases based 

on the sign of mouth pressure. When a command was 
given from the computer keyboard for occlusion, it was 
memorized and the respiratory phase was verified. When 
it was time for expiration, the occlusion pressure valve 
was closed and it was maintained for 200 ms following 
lhe onset of inspiration. Then, the occlusion valve was 
opened and the mouth pressure transducer valve 
reversed, connecting the transducer to the atmosphere. 
A few ms later (to avoid switching noise) the mouth 
pressure value was taken as a new zero reference point 
and the transducer valve was reversed, connecting the 
transducer back to the mouth. This reset procedure was 
particularly important for mouth pressure since the 
recognition of the respiratory phases and the timing of 
occlusion were based on its accuracy. From these data, 
occlusion pressures at 100, 150 and 200 ms were 
displayed and stored. Occlusion process was performed 
in all about 20 s. The mean of occlusion pressures 
measured during each workload level was retained. At 
rest (3 min), occlusion pressure was determined by the 
mean of six measurements. 

Statistical analysis 

For each level of workload, the mean and the 
variance of occlusion pressure measurements and 
calculated variables (time-derivatives and P

0
.
1
/P

0
.2 ratio) 

were considered. The shape of the inspiratory rising 
part of the occlusion-pressure (Pocc) wave was ana
lysed by fitting the data with a power function: Pocc = 
a·timeb where b is a dimensionless constant describing 
the shape. When the pressure-time is linear b=l; when 
the shape is concave upward b> 1 and when the shape 
is convex upward b< 1. The change of shape was tested 
by means of time-derivatives of occlusion pressure in 
100- 150 ms (dP/ dt10.1 •1s

1
) and 150-200 ms 

(dP/d~o.u,o.zo1) time interv;Js ty comparison of dP/dt10.u 

0 •20/dP/dt(O.IO. O.IS J r a ti O be tw een resting an(t 
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Fig. 1. - Occlusion pressure-time coune during incremental cycle exercise (30 Wfl min) in heallhy subjects. Each graph point represents 
the mean of occlusion pressure measured at rest (R) and during each 30 W increment in workload. Pocc: occlusion pressure. 

Fig. 2. - Change in time-derivative ratio of occlusion pressure between rest and exhauatioo (Ex.) in healthy subjects and CAO patients. dP/ 
dt10.10 o.m: time-derivative of occlusion pressure on the [0.10, 0.15) time interval; dP/d~q" o.JOJ: time-derivative of occlusion pressure on the 
[0.15', U.:ZO] time interval; e: emphysema, 0: chronic bronchitis; 6: posttuberculous rlb'rom; bars represent the 95% confidence interval 
of mean. CAO: chronic airflow obstruction. 
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Fig. 3. - Change in Po.
1
/P

01 
ratio during 30 W incremental exercise in healthy subjects. Po.1: pressure at 0.1 s; P

01
: pressure at 0.2 s. 

end-exercise periods. This method has the advantage 
of being independent of the accuracy of inspiration be
ginning point These comparisons were performed in 
each group (healthy subjects and CAO patients) by using 
paired t-test, and subject by subject using unpaired t
test. The P0.1/P02 ratio was also considered to illustrate 
the change in pressure waveform as a function of 
workload increase during exercise in healthy subjects. 

Results 

The variability of occlusion-pressure measures (in term 
of variation coefficient) was equal to 25 and 19% at 
rest an~ to 11 and 10% at exhaustion for P0.1 and P0.2, 

respectJ.Vel y. 
The shape of the initial (200 ms) inspiratory part of 

the occlusion-pressure wave during exercise in the 
healthy subjects is illustrated in figure 1. As seen from 
this figure, the pressure-time course exhibits a slight 
upward concavity or a quasi-linearity at rest whereas it 
is obvious that an upward convexity appears at end
exercise. The analysis of the occlusion-pressure wave 
by fitting a power function showed wide variability in 
shape between subjects as assessed by the form index 
(b parameter) which ranged from 1.11-1.39 at rest and 
from 0.63-0.71 at exhaustion. For patients, b values 

ranged from 0.81-2.13 at rest and from 0.42-1.26 at 
exhaustion. 

The analysis of the shape after 100 ms at rest and at 
end-exercise by means of the time-derivatives of 
occlusion pressure revealed a significant change in both 
healthy subjects (p<O.Ol) and CAO patients (p<O.OOI) 
(fig. 2). Detailed analysis, subject by subject, revealed 
a significant departure from the basal shape in all healthy 
subjects and in all but five CAO patients. In these two 
groups of subjects, the change in pressure-time 
course was characterized by the passage from a con
cave or quasi-linear relationship to a convex shape or 
by an accentuation in the convexity. The patients did 
not present any special shape of occlusion-pressure wave 
as compared to healthy subjects but the variability of 
pressure waveform between patients was larger both at 
rest and at end-exercise (fig. 2). 

It was difficult to determine precisely at which work
load the shape of the pressure wave changed during the 
incremental exercise because the intrasubject variability 
of occlusion pressure (P0,1 and P0.J between workloads 
was relatively large (fig. 3). Nevertheless, the major 
change in P0.1/P0.z ratio appeared during the second 
half-exercise and mainly for the last workloads as 
illustrated in figure 3 from the data of healthy subjects. 
In patients, the maximum workload was reduced and 
thus this analysis was not possible. 
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Discussion 

The time course of inspiratory activity stems from the 
work of VoN Em.ER et al. [9] who introduced the con
cept that a distinction has to be made between intensity 
of inspiratory activity and its timing. Actually, the fac
tors determining the rising phase shape of inspiratory 
neural output are not known. Several observations 
suggest that the shape of inspiratory rising output is not 
affected, except in amplitude, by either hypercapnia or 
hypoxia whereas changes in body temperature, as well 
as different anaesthetics and narcotics can cause shape 
alterations [10]. 

Pressure is the frrst level in respiratory output at which 
the action of various muscles are combined to give a 
single output. Assessment of the pressure losses due to 
the force-velocity and force-length relationships of the 
respiratory muscles and to distortion of the respiratory 
system during active breathing presents a major 
problem that can be avoided at least partly from 
measurements of airway occlusion pressure [11]. The 
wave shape of occlusion pressure closely reflects the 
shape of the inspiratory neural drive [12] and, in 
conscious subjects, the initial part (the first 200 ms) 
appears to be an index of output of llle respiratory 
centres which depends only on the neuronal discharge 
and on the effectiveness of the contraction of the 
respiratory muscle [1 ]. Thus, to interpret any relative 
change in occlusion pressure in the first part of inspi
ration, it is absolutely necessary that the shape of 
pressure wave remain constant. The shape of occlusion 
pressure wave has been controlled during C0

2 
rebreallling and no major change has been found [2, 3] 
except in anaesthetized dogs, in which llle constant 
relationsh ip between pressure peak and P

0. 1 
was 

abolished as llle result of a shortening of inspiratory 
time [13]. In the case of exercise-induced hyperventi
lation, this shape constancy is not generally considered 
and qualitative or quantitative errors in interpretation 
may result, mainly from analysis of the change in 
mechanical transformations (P0•1 and V-r(Tl or llleir ratio 
termed "effective inspiratory impedance" [14]) of 
inspiratory neural drive when the occlusion-pressure 
wave changes in form. 

The relatively large variability in occlusion pressure 
measurements was accounted for by considering the 
mean and variance determined from several respiratory 
cycles at each workload level. Thus, only mean shapes 
were to be considered. The crucial offset problem in 
these measurements was prevented by automatic reset 
of mourn pressure after each measurement of occlusion 
pressure. The concordance of our results (occlusion 
pressure measures at rest and during exercise in 
healthy subjects and CAO patients, observed shape 
of occlusion-pressure wave at rest) with those in 
the literature [ 1, 15, 16] argues against any 
particular bias in our measurements. The shape change 
of occlusion-pressure wave in early time of 
inspiration during exercise was obvious from our 
data, both by visual judgement and after statistical 
analysis. 

Others studies relate variation in the pressure wave 
shape under various particular conditions: ventilation 
under positive pressure in anaesthetized healthy 
subjects [17], suppression of hypoxic stimulus in pa
tients with acute respiratory failure [18], and different 
anaesthetics and narcotics [10). In a study by SERGYSELS 
et al. [16], the P0.JV03 (volume at 0.2 s) did not change 
significantly during exercise whereas ventilation did not 
parallel change in P

0
.
1 

in healthy subjects or in patients 
with chronic obstructive pulmonary disease. These 
results also suggest a fonn change in pressure wave 
during exercise by factors involved in P0 /V qz or 
P0.1NT{fl: the effectiveness of contraction ot' the 
inspiratory muscles (active impedance) and passive 
component of llle ventilatory system. 

The experimental determination of factors determin
ing the shape of pressure wave (and thus its change) is 
very difficult because llle inspiratory muscles (diaphragm 
and accessory muscles) interact and work at different 
phases of respiration to produce breathing movements. 
A full analysis of breathing movements requires 
measurement of the collective spatial distribution and 
temporal activity of the entire pool of respiratory 
cx-motoneurones. Thus, the factors being unknown, any 
discussion can be on ly speculative according to 
anatomical, physiological and experimental data. A 
change in pressure waveform from central origin is not 
to be excluded, but remains to be elucidated. 

The changes in arterial oxygen and carbon dioxide 
tension (Pao

2
) and (Paco

2
) during exercise in healthy 

subjects are moderate and no hypoxic or hypercapnic 
stimulus appears. The anaerobic mechanisms did not 
seem to be involved in llle shape change because two 
patients presented a form change in occlusion-pressure 
wave despite their exercise being insufficient (30 W) to 
reach anaerobic threshold and, inversely, in two patients 
the pressure waveform remained unchanged despite 
maximal workload reached being 90 W. 

A change in occlusion-pressure waveform from a 
peripheral level could be explained by a change in the 
mode of temporal recruitment of inspiratory muscles 
and/or muscular fibre types. Simultaneous measurements 
of oesophageal and gastric pressures and of volume 
changes of the rib cage and abdomen, allow the 
analysis of the contribution of llle various respiratory 
muscles (intercostal-accessory, diaphragmatic and 
abdominal) to llle tidal volume change both at rest and 
during exercise [19]. At rest, the diaphragm acts as llle 
main generator of pressure and the intercostal
accessory muscles are not active. During exercise, there 
is evidence of intercostal-accessory muscle recruitment 
during inspiration and abdominal muscle recruitment 
during expiration. These findings are supported by 
electromyographic evidence of increased intercostal and 
abdominal activity as ventilation increases above 
resting levels [20, 2 1]. Similarly, in patients willl chronic 
obsructive pulmonary disease (COPD) and marked 
hyperinOation, most of the increase in ventilation 
during cycle exercise is achieved by recruitment of 
intercostal-accessory muscles during inspiration [22]. 
Furthermore, the diaphragm should not be treated as 
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one muscle: the mechanical linkage of its costal and 
crural parts may change during exercise particularly if 
the volume of the chest wall changes [23]. These 
changes in respiratory muscle recruitment are not the 
only modification that appears during exercise. Indeed, 
C riTERIO and eo-workers [24, 25] have found that 
inspiratory muscle fibres are selectively activated 
according to the inspiratory rate. Their results indicate 
a shift from slow to fast fibres which provide a greater 
power per unit stimulus. These recruitment changes in 
various inspiratory muscles and muscular fibres modify 
the muscular mechanical transformation of respiratory 
neural drive during exercise and thus could induce 
change in the pressure waveform. The inspiratory 
neuromuscular drive also depends on the change in the 
end-expiratory volume and in the abdominal-chest wall 
configuration that can be modified during exercise. 
AgosTINI and ToRRJ [26) demonstrated that the chest wall 
undergoes considerable distortion at high levels of 
ventilation. These observations also apply to exercise 
during which GRIMBY et al. [27] found substantial 
departures of both the rib cage and abdominal walls for 
their relaxation characteristics. GRASSINO et al. 
[4] showed that when end-expiratory volume is lowered 
through recruitment of expiratory activity, the pressure 
generated in the first 100 ms will overestimate 
inspiratory muscle pressure because of release of the 
elastic energy involved in reducing end-expiratory 
volume. This would tend to cause a change in pressure 
waveform since the increase in pressure between 0 and 
100 ms will be contributed to by both inspiratory and 
expiratory muscles, whereas the rate of rise later on is 
primarily a reflection of inspiratory muscle activity. 
More recently, the time course of dP/dt throughout 
inspiration at rest [5] and during exercise [6] has been 
defined: advancing the point of equilibrium between 
elastic recoil and chest wall muscle pressure (Pmus), 
and thus advancing the segment exposed by P

0
•
1 

would 
result in measured P0•1 being lower even in the absence 
of any change in Pm us waveform. Thus, the occlusion
pressure between 0 and 200 ms looks at different time 
segments of the neural activity and phase lags between 
onset of neural inspiration and onset of mechanical 
inspiration appear. Hence, particularly at high levels of 
exercise, a change in occlusion pressure waveform is to 
be expected. 

Thus, various peripheral factors may be involved in 
the mechanical transformation of t.he inspiratory neural 
drive and may induce a particular pressure waveform. 
Further complex studies are needed to determine the 
cent.ral or peripheral origin of the change in waveform 
and the causal factors. When carrying out such studies, 
this shape change must be taken into consideration when 
interpre ting any re lative change in P

0
•
1 

or derived 
indices such as P0)VT{TI during exercise. Our fmdings 
demonstrate the expected results from previous data 
[4-6) in which P

0
•
1 

is thought to measure the rate of 
change in chest wall muscle pressure (Pmus) over a 
segment somewhat removed from the onset of neural 
inspiration. 

Ackrrowkdg•rrurrt. The authon thank 
F. Miklovic for typing the manuscript. 

References 

1. Whitelaw WA, Derenne JP, Milic-Emili J. - Occlusion 
pressure as a measure of respiratory center output in 
conscious man. Respir Physiol, 1975, 23, 181-199. 
2. DereMe JP, Couture J, Iscoe S, Whitelaw W A, Milic
Emili I. - Occlusion pressure in men rebreathing COl under 
methoxyflurane anesthesia. J Appl Physiol, 1976,40 (5), 805-
814. 
3. Whitelaw WA, Milic-Emili J. - A new method for 
evaluating respiratory center output. Physiologist, 1973, 16 
(Abstract), 486. 
4. Orassino AE, Derenne JP, Almirall J, Milic-Emili J, 
Whitelaw W. - Configuration of the chest wall and 
occlusion pressures in awake humans. J Appl Physiol: Respiral 
Environ Exercise Physiol, 1981, 50 (1), 134-142. 
5. Oallagher CO, Younes M. - Effect of pressure assist 
on ventilation and respiratory mechanics in heavy exercise. J 
Appl Physiol, 1989, 66 (4), 1824-1837. 
6. Oallagher CO, Sanii R, Younes M. - Response of 
nonnal subjects to inspiratory resistive unloading. J Appl 
Physiol, 1989, 66 (3), 1113-1119. 
7. A.T.S. - Chronic bronchitis, asthma and pulmonary 
emphysema: a statement by the committee on diagnostic 
standards for non-tuberculosis disease: respiratory disease 
definitions and classifications. Am Rev Respir Dis, 1962, 85, 
762-768. 
8. Quanjer PH, ed. - Standardized lung function testing. 
European Community for Coal and Steel. Bull Eur 
Physiopatlwl Respir, 1983, 19. 45- 51. 
9. Von Euler C, Herrero F, Wexler I. - Control 
mechanisms determining rate and depth of respiratory 
movements. Respir Physiol, 1970, 10, 93-108. 
10. Milic-Emili J, Zin W A. - Relationships between 
neuromuscular respiratory drive and ventilatory output. In: 
The Handbook of Physiology: Section 3, The Respiratory 
System. Volume ill, part 2. A.P Fishman, P.T. Macklem, J. 
Mead, R. Geiger eds, American Physiological Society, 
Bethesda, Maryland, 1986, pp. 631~35. 
11. Orunstein MM, Younes M. Milic-Emili I. - Control of 
tidal volume and respiratory frequency in anesthetized cats. 
J Appl Physiol, 1973, 35, 463~76. 
12. Siafakas NM, Chang HK, Bonora M, Oautier H, Milic
Emili J, Buron B. - Time course of phrenic activity and 
respiratory pressures during airway occlusion in cats. J Appl 
Physiol: Respirat Environ Exercise Physiol, 1981, 51, 
99-108. 
13. Altose MD, Kelsen SO, Stanley NN, Chemiack NS, 
Fishman AP. - Effects of hypercapnia and flow resistive 
loading on tracheal pressure during airway occlusion. J Appl 
Physiol, 1976, 40 (3), 345-351. 
14. Milic-Emili J. - Recent advances in clinical assessment 
of control of breathing. Lung, 1982, 160, 1-17. 
15. Hesser CM. Lind F. - Ventilatory and occlusion
pressure responses to incremental-load exercise. Respir 
Physiol, 1983, 51, 391-401. 
16. Scrgysels R, van Meerhaeghe A. Scano 0, Denaut M, 
Willcpul R, Mcssin R, de Coster A. - Respiratory drive 
during exercise in chronic obstructive lung disease. Bull Eur 
Physiopathol Respir, 1981, 17, 755-766. 
17. Derenne JP, Couture J, Whitelaw W A, Milic-Emili I. -
Interaction between the mechanical properties of the 



OCCLUSION-PRESSURE WAVEFORM 1185 

respiratory system and dr:ive in the control of breathing of 
an.esthelized man. In: Regulation of Respiration in Sleep and 
Anesthesia. R.S. Fitzgerald, H. Gautier, S. Lahiri eds, Plenum 
Press, New York, 1978, pp. 105-106. 
18. Derenne JP, Aubier M, Murciano D, Poumier M, Pariente 
R. - Central drive to breathe in acute respiratory failure of 
patients with chronic obstructive lung disease. Rev Fr Mal 
Respir, 1977, 5, 714-716. 
19. Konno K, Mead J. - Static volume pressure character
istics of the rib cage and abdomen. J Appl Physiol, 1968, 24, 
544-548. 
20. Carnpbell EJM, Green JH. - The behaviour of the 
abdominal muscles and the intra-abdominal pressure during 
quiet breathing and increased ventilation. A study in man. J 
Physiol (Lond), 1955, 127, 423-426. 
21. Taylor A. - The contribution of the intercostal muscles 
to the effort of respiration in man. J Physiol (Lond), 1960, 151, 
390-402. 
22. Dodd DS, Brancatisano T, Engel LA. - Chest 
wall mechanics during exercise in patients with 
severe chronic airflow limitation. Am Rev Respir Dis, 1984, 
129, 33-38. 
23 . De Troyer A, Sarnpson M, Sigrist S, Macklem PT. 
- The diaphragm: two muscles. Science, 1981, 213, 
237-238. 
24. Citterio G, Agostini E. Piccoli S, Sironi S. - Selective 
activation of parasternal muscle fibers a.ocording to breathing 
rate. Respir Physiol, 1985, 48, 281-295. 
25. Citterio G, Sironi S, Piccoli S, Agostini E. - Slow to 
fast shift in inspiratory muscle fibers during heat tachypnea. 
Respir Physiol, 1983, 51 , 259-274. 
26. Agostini E, Torri G. - An analysis of the chest wall 
motions at high values of ventilation. Respir Physiol, 1967, 
3, 318-332. 

27. Grimby G, Goldman M. Mead J. Respiratory muscle 
action inferred from rib cage and abdominal V -P 
partitioning. J Appl Physiol, 1976, 41, 739-751. 

ModiftcaJirms de /'allure de /'one occlusion-press ion au cours 
de l'efforl. A. Loiseau, P. Loiseau, C. Dubreui/, J .C. Pujet. 
REsUME: Chez les sujets conscients, la pression d'occlusion 
mesur~e pendant la partie initiale de !'inspiration (jusqu'a 200 
msec) se manifeste comme un .index valable de !'influx des 
centres respiratoiTes. Pour interpreter toute modification 
relative de la pression d'oclussion, !'allure de la vague 
occlusion-pression doit rester absolument constante. Le but 
de celte etude et.a it de tester l'hypoth~se que !'allure de la 
vague d'occlusion-pression ne se modifie pas au cours de 
!'effort. Au contraire, nous avons trouve que cette allure 
changeait significativement pendant la cycle d'augmentation 
progressive de !'effort chez 5 sujets bien portants et chez 12 
de 17 patients atteints de bronchopneumopathie chronique 
obstructive. Les modifications majeures apparaissent pendant 
la deuxieme moitie de !'effort, et surtout au cours des charges 
les plus elevees. Des etudes ulterieures complexes seront 
necessaires pour determiner l'origine centrale ou peripherique 
de cette modification et ses facteurs causaux. Les hypothese 
sur les divers facteurs possibles sont discutees en tenant 
compte d'observations anatomiques, physiologiques et 
experimentales de la liuerature. Ceue etude montre qu 'il est 
necessaire de prendre en consideration la changement de forme 
pour inte.rpreter toute modification relative des transforma
tions mecaniques de !'influx neuroniquc inspiratoire, comme 
P

0
•1 et VT(fl on leur ratio. Cene observation confirme de 

maniere directe la r6sultat attendu a partir de donnees 
anterieures. 
Eur Respir J., 1990, 3, 1179-1185. 


