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[5 '7] ABSTRACT 
A system and process for exploration of the intratho 
racic ventilatory mechanism producing a signal y = (V 
+ )tdV/dt) 
in which V = the volume displaced in the mouth of a 
patient, and A is an adjustable parameter. The signal y 
is recorded on an oscilloscope in dependence on A p 
which is a signal indicating variations in oesophageal 
pressure. The parameter A is adjusted at the oscillo 
scope so that the loop representing y is closed in a 
straight line with the slope of the straight line giving 
compliance C and A/C giving the intrathoracic resis 
tance. 

3 Claims, 1 Drawing Figure 
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SYSTEM AND DEVICE FOR EXPLORATION OF 
THE INTRATI'IORACIC VENTILATORY 

MECHANISM 

BACKGROUND OF THE INVENTION 

The present invention relates to a system and process 
for exploration of the intrathoracic vontilatory mecha 
nism, and a corresponding device for applying the sys» 
tem. 

The exploration is based on the following consider 
ations: 
Ventilatory mechanics considers the ventilatory sys 

tem as a linear system of the second order. In addition, 
it is possible to show and verify by experiments that, 
during respiration in the rest condition, the inertia 
forces can be neglected, thus reducing the system in 
question to the ?rst order. 
Obvious theoretical reasons (non-laminar ?ow in the 

air passages, deformation of the tissues not being in ac 
cordance with Hooke’s law, non-newtonian viscosity of 
the tissues) show that the linear hypothesis is only an 
approximation, but experience shows that this approxi 
mation is excellent in the normal subject in the rest 
condition, and in most cases is acceptable in the case 
of a sick person. 

Under these conditions, on writing that the motor 
pressure A p developed by the respiratory muscles bal 
ances the effect of the return forces (resilient forces 
and surface tension) and resistance forces (aerody 
namic and tissular), we have the equation, considering 
the intrathoracic organs, excluding the wall: 

E (Vp - Vr) + R (IV,,/dt = Ap 

in which equation: 
E is the intrathoracic elastance 
R is the intrathoracic resistance 
Vp is the pulmonary volume, 
Vr is the relaxation volume. 

Or again, in dependence on compliance C‘ = 1/15 

( l ) 

In order to have only values which can be directly 
measured, we take for A p the variations is oesophageal 
pressure, as given by a small balloon or gas-bag, and for 
the volume V displaced at the mouth:, 

V0 being the pulmonary volume at the beginning of in 
halation. ‘ ‘ ‘ 

In this way, the variations in intrapulmonary pressure 
are neglected, and the change in state in the inhaled air 
is considered as instantaneous, passing from the ambi 
ent conditions (ATPS) to the alveolar (‘Q _nditions 
(BTPS). The signal dV/dt is provided by a pneumotach 
ograph (PTG), which signal integrated with respect to 
time provides V. 
We then have: 

In the present state of the known art, a conventional 
process comprises recording, in respect of time, A p 

5 

20 

25 

35 

45 

55 

60 

65 

2 
and V and its derivative dV/dl. For two points at zero 
?ow 

ill’ 
1/! _ 'D 

we have: 

v, - V, 

_ A];2 — AI), 

and for two points of equal volume V3: 

AIM’ AI)” 
R = 11v, (114, 

1!! :1! 

Another conventional process comprises recording 
on a track, V in dependence on A p; and on another 
track dV/dt in dependence on A p. On the loop in re 
spect of V, the two points at zero ?ow are determined 
by means of their horizontal tangents, and compliance 
is the slope of their diameter; while on the loop in re 
spect of dV/dt the two points of equal volume are taken, 
which makes it possible to calculate R. 
However, these two conventional processes suffer 

from various disadvantages: 
1. Only two points on the cycle are used, and not the 
entire information. 

2. Determination of these points is highly subjective 
because of the noise which is superimposed on the 
trace. This noise is inevitable as it is not caused by in 
strumentation, but is of biological origin (in particular 
cardiac pulses). For this reason the noise-signal ratio is 
often very poor and determining the zero—?ow points, 
the trace of tangents to the loop, and determining 
points of equal volume, involve a great deal of arbitrari 
ness. 

3. Respiration, like most biological phenomena is not 
periodic but pseudo-periodic. Even when a subject is 
still, successive respiratory cycles are not identical. Se 
lecting a cycle as representative of the mean condition 
is therefore fairly arbitrary. Satisfactory determination 
of the mean condition should be based on observing a 
large number of cycles, which is not done because of 
the laborious nature of such a procedure. 

4. No arrangement is provided for correct calibration 
of the PTO, and the change in inhalation-exhalation 
calibration factor is not known. 

5. Inhalation and exhalation cannot be observed sep 
arately. 

6. The processes involved are slow and laborious. 

SUMMARY OF THE INVENTION 

The aim of the invention is to overcome the above 
mentioned disadvantages. 
Brie?y, the system and process according to the in 

vention employs a signal 
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and -_v is recorded in dependence on A p on an oscillo 
scope with A being a regulatable parameter which is 
regulated on the oscilloscope so that the loop repre 
senting _v is closed in a straight line, and then A = RC, 
and the slope of the straight line gives C‘, hence 

R: T 

It will be noted that closing a loop in a straight line is 
a particularly straight-forward and precise phenome 
non in oscilloscopy. Moreover, it is suf?cient to regu 
late to zero to produce a loop whose surface area mea 
sures the intrathoracic ventilatory work per cycle. 
The invention also includes means for permitting 

gain regulation, calibration and separate observation of 
the two phases of respiration. ' 
For calibrating the pneumotachograph (PTG) under 

alveolar conditions (BTPS): 
The PTG supplies a signal which is proportional to 

the flow (IV/d1, the calibration factor being propor 
tional to the viscosity of the gaseous mixture which 
passes through it. This viscosity depends on tempera 
ture and the water vapor content, and is therefore not 
the same for inhaled air and for exhaled gas which is 
water-vapor saturated at the temperature of the body. 
It is impossible to know beforehand the temperature of 
the gas in the PTG, because of the heat exchanges 
which occur between the gas and the walls. In addition, 
as viscosity is not an additive property, it is impossible 
to deduce the viscosity of the gaseous mixture from the 
viscosities of its components. It is therefore impossible 
to envisage beforehand how the calibration factor of 
the PTO is going to vary as between inhalation and ex 
halation. It is only possible to do this on an empirical 
basis, on gaseous mixtures which are identical to the 
inhaled air and the exhaled gas. It is known for this pur 
pose to provide a pump for calibration under alveolar 
conditions. A cylindrical vessel contains water which is 
maintained at a temperature of 37° by means of a ther 
mostat. A turbine provides for heat and moisture ex 
changes between the water and the air which it con 
tains. A plunger piston varies the volume of the vessel. 
The pneumotachograph to be calibrated is mounted on 
a pipe which is ?xed to the cover of the vessel, so that 
ambient air passes through the pneumotachograph dur 
ing “inhalation” when the piston is moved downwardly, 
while gas under alveolar conditions passes through the 
pneumotachograph during “exhalation" when the pis 
ton is raised. 

BRIEF DESCRIPTION OF THE DRAWING 

The accompanying single FIGURE illustrates an ap 
paratus for applying the system and process according 
to the invention, given by way of non-limiting example. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The pneumotachograph 1 supplies the signal +dV/dt 
to a gain regulating potentiometer 3 having a slider 
which supplies a signal to a circuit 5 for detecting the 
sign of dV/zlL'During inhalation, the circuit 5 closes its 
switch contacts 7 which, by way of a switch 9, feeds a 
relay 11. The slider of the potentiometer 3 also supplies 
the signal to a potentiometer 13 for correction of gain 
upon exhalation, its effect upon inhalation being nulli 
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?ed by being bridged by a working contact 15 of the 
relay II. The slider of the potentiometer l3 feeds an 
operational ampli?er 17 connected as an integrator 
inverter, at whose output the signal —V is produced. 
The slider of the potentiometer 13 also supplies the sig 
nal to a single-pole change-over switch 19 having three 
positions which acts as a gain change-over means and 
which supplies the signal with gain 0, or with gain 1, or 
with gain 10, to an inverter ampli?er 21 which supplies 
a potentiometer 23 for displaying the regulatable pa 
rameter A. At the slider of the potentiometer 23 there 
is therefore obtained the signal 

(1V 
— A (II 

The two signals ——V and 

(IV 
— A 1/! 

are added by an inverter-summing means 25, at the 
output of which there is obtained the signal 

(IV 
V\' = V + )t T 

The signal _\' passes either by way of a rest contact 27 
of the relay 11 and a cut-out switch 29, or a working 
contact 31 and a cut-out switch 33, and passes to the 
vertical active plate Y of an oscilloscope 35. The gas 
bag 37 passes the signal A p to the horizontal active 
plate X of the oscilloscope 35, which oscilloscope may 
be of the type having a long-persistance screen, pro 
vided with a so-called Polaroid immediate photo 
graphic apparatus, etc. 
The PTG 1 is mounted on a calibration pump (not 

shown), and calibration is effected not with respect to 
?ow but with respect to volume, the integrator 17 hav 
ing a time-constant of I second. The switch 19 having 
suppressed the input into the summing means 25 of the 
signal (1V M1, enables V to be registered with respect to 
time on the oscilloscope 35. The sign detector 5 cuts in 
the potentiometer 13 onto the signal dV/dt for exhala 
tion, and short circuits it for inhalation. The cut-out 
switches 29 and 33 are closed so as to record inhalation 
and exhalation. As the calibration pump neither pro 
duces nor consumes gas, the same mass of air passes 
through the PTG during inhalation under conditions 
ATPS and during exhalation under conditions BTPS. 
The potentiometer I3 is acted upon so that the mean 

value of the signal is zero. This calibration correction 
is much more precise by observing volume than by ob 
serving flow, as any inequality in calibration is inte 
grated in each cycle, and is rendered visible even if it 
is small. The potentiometer 3 is then acted upon, to 
produce the desired value of the de?ection observed 
for a known volume (500, 750 or 1000 ccm). 
For the possibility of separately observing inhalation 

and exhalation: 
In the normal condition, the resistance is substan 

tially the same for inhalation and for exhalation, at least 
in the rest condition. In the case of a sick person, this 
may be different, and there may therefore be an advan 
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tage in observing inhalation and exhalation separately. 
This is permitted by the switches 27 and 31 associated 
with the relay 11 which is actuated by the detector cir 
cuit 5. Finally, in the sick person, substantial values of 
R can be observed. The change—over switch 19 makes 
it possible to use the inverter 21 with a gain of 10, and 
it is therefore possible to observe time constants RC 
ranging up to 10 seconds, which covers all the needs 
arising in pathological investigation. 

It is clear from the foregoing description that, com 
pared with the conventional procedure, the procedure 
using the device according to the invention has the fol 
lowing advantages: 

1. The entire information supplied by the cycle under 
observation is used. 

2. Because of the persistance of the screen, the infor 
mation supplied by several successive cycles is em 
ployed. The values determined for R and C are there 
fore representative of the mean condition of the passive 
intrathoracic ventilatory system. 

3. The eye is very sensitive to the motion of a straight 
line and, on a noisy signal, can much better determine 
a straight line than a curve or a loop. 

4. The use of a memory oscilloscope makes it possi 
ble to dispense with photographic recording. 

5. Correct calibration of the PTG in the two phases 
of respiration is carried out with accuracy and rapidly. 

6. The entire procedure involved is rapid, simple and 
includes little in the way of subjective elements. 
Obviously, many modi?cations and variations of the 

present invention are possible in the light of the above 
teachings. It should therefore be understood that within 
the scope of the apended claims, the invention may be 
practiced otherwise than as speci?cally described. 
We claim: 
1. A system for exploring the intrathoracic ventilator 

mechanism of a subject, comprising means for supply— 
ing a signal A p of the variations in oesophageal pres 
sure, pneumotachograph means for supplying a signal 
dV/dt of the derivative with respect to time of the vol— 
ume V displaced at the mouth of the subject, integrat 
ing circuit means for receiving the signal dV/tlt and sup 
plying a signal V, summing circuit means for receiving 
the signal dV/dt and the signal V for supplying a signal 

in which A is a regulatable parameter, and oscilloscope 
means having a horizontal input for receiving the signal 
A p and a vertical input for receiving the signal y, the 
parameter A being regulated so that the loop displayed 
on the screen of the oscilloscope means is closed in a 
straight line, the slope of the straight line giving the 
compliance C and the quotient of the division of the pa 
rameter A by the compliance C giving the intrathoracic 
resistance R, and further comprising gain regulating 
potentiometer means for receiving the signal dVdr from 
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the pneumotachograph means and providing an output 
signal on the slider thereof, detector circuit means sup 
plied with the output signal of the potentiometer means 
for detecting the sign of the signal u'V/dt, relay means 
having two working contacts and a rest contact and 
being responsive to the detector circuit means for clos 
ing the working contacts and opening the rest contact 
during inhalation of the subject, gain correcting poten— 
tiometer means for correcting gain during exhalation of 
the subject, the gain correcting potentiometer means 
being supplied with the output signal of the gain regu 
lating potentiometer means and providing an output 
signal on a slider thereof, the gain correcting potenti 
ometer means being shoit-circuited by the closing of 
one of the working contacts of the relay means during 
inhalation of the subject, the integrating circuit means 
including an integrator for receiving the output signal 
of the slider of the gain correcting potentiometer 
means and providing the signal V at the output thereof, 
an inverter at the output of the integrator providing a 
signal —V, the summing circuit means including a sin 
gle-pole change-over switch having three positions and 
connected to the slider of the gain correcting potenti 
ometer means, an ampli?er-inverter circuit connected 
to the change-over switch, a potentiometer means con 
nected to the ampli?er-inverter circuit for setting the 
regulatable parameter A and providing a signal of 

and an inverter-summer means for receiving the signals 
-—V and 

and providing the signal )- to the vertical input of the 
oscilloscope means through the other of the working 
contacts or the rest contact of the relay means. 

2. A system according to claim 1, wherein the oscillo‘ 
scope means displays on the screen a loop in which the 
surface of the loop for the value zero in the parameter 
A is a measure of the intrathoracic ventilatory work per 
cycle of the subject. 

3. A system according to claim 1‘, further comprising 
a ?rst cut-out switch in series with the rest contact of 
the relay means and a second cut-out switch in series 
with the other of the working contacts of the relay 
means, the ?rst and second cut-out switches receiving 
the signal y from the inverter-summer means and being 
connected to the vertical input of the oscilloscope 
means, and the means for supplying A [2 signal including 
a gas-bag means for supplying the A 12 signal to the hori 
zontal input of the oscilloscope means. 

* * * >|< >l< 


