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Description
BACKGROUND

[0001] The present disclosure relates generally to
medical devices and, more particularly, to airway devic-
es, such as tracheal tubes.

[0002] This section is intended to introduce the reader
to aspects ofthe art thatmay be related to various aspects
of the present disclosure, which are described and/or
claimed below. This discussion is believed to be helpful
in providing the reader with background information to
facilitate a better understanding of the various aspects
of the present disclosure. Accordingly, it should be un-
derstood that these statements are to be read in this light,
and not as admissions of prior art.

[0003] Inthe course oftreating a patient, a tube or other
medical device may be used to control the flow of air,
food, fluids, or other substances into the patient. For ex-
ample, tracheal tubes may be used to control the flow of
air or other gases through a patient’s trachea and into
the lungs, for example during patient ventilation. Such
tracheal tubes may include endotracheal (ET) tubes, tra-
cheotomy tubes, or transtracheal tubes. In many instanc-
es, it is desirable to provide a seal between the outside
of the tube or device and the interior of the passage in
which the tube or device is inserted. In this way, sub-
stances can only flow through the passage via the tube
or other medical device, allowing a medical practitioner
to maintain control over the type and amount of substanc-
es flowing into and out of the patient.

[0004] To seal these types of tracheal tubes, an inflat-
able cuff may be associated with the tubes. When inflat-
ed, the cuff generally expands into the surrounding tra-
chea to seal the tracheal passage around the tube to
facilitate the controlled delivery of gases via a medical
device (e.g., through the tube). For intubated patients,
the flow rate and volume of gas transferred into the lungs,
which may vary according to the condition of each patient,
may be controlled by the settings of a ventilator. One
factor that is used to determine the ventilator settings
may be an airway pressure measurement, which is typ-
ically obtaining by measuring the pressure along the
breathing circuit (e.g., medical tubing connecting the tra-
cheal tube to the ventilator) at a point outside the patient.
Airway pressure measured in the breathing circuit at a
point outside the patient may be a useful surrogate for
the pressure in the lungs, which may in turn be used for
calculating a number of ventilator settings, for example
settings involving pressure limits.

[0005] However, in circumstances where the internal
diameter of the tracheal tube is diminished, for example
through the buildup of mucosal secretions that may par-
tially block the airflow passage of the tracheal tube, the
lung pressure may be lower than the airway pressure
measurement taken outside the patient. Accordingly, an
airway pressure measurement may not always serve as
a reliable substitute for lung pressure measurements.
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[0006] D1 describes an apparatus and method for us-
ing the pressure of the surgical cuff installed surrounding
an endotracheal tubes or the flow rate therethrough in
the calculation of parameters in lung mechanics.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Advantages of the disclosure may become ap-
parent upon reading the following detailed description
and upon reference to the drawings in which:

FIG. 1 illustrates a systemincluding an endotracheal
tube with a pressure transducer according to em-
bodiments of the present techniques;

FIG. 2A is a perspective view of an endotracheal
tube that may be used in conjunction with the system
of FIG. 1 according to embodiments, and FIG. 2B is
a detail view of the cuff area of the tube;

FIG. 3 is a perspective view of an endotracheal tube
with a secondary inflation cuff that may be used in
conjunction with the system of FIG. 1;

FIG. 4 is a flow diagram of an exemplary method for
deriving pressure values;

FIG. 5 is a plot of exemplary calibration curves for a
set of cuffs;

FIG. 6 is a flow diagram of another exemplary meth-
od for deriving calibration factors for a method in-
volving measuring pressure through a secondary
cuff;

FIG. 7 is a perspective partial cutaway view of a cal-
ibration structure for lung pressure determination;

FIG. 8 is a flow diagram of another exemplary meth-
od for deriving calibration factors for a method in-
volving measuring pressure through a primary cuff;

FIG. 9 is a plot of a family of calibration curves for a
single cuff;

FIG. 10is aflow diagram of another exemplary meth-
od for deriving calibration factors for a method in-
volving measuring pressure through a secondary
cuff;

FIG. 11 is a plot of exemplary calibration curves for
a secondary cuff;

FIG. 12is aflow diagram of another exemplary meth-
od for deriving calibration factors for a method in-
volving measuring pressure through a primary cuff;
and
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FIG. 13 is a plot of exemplary calibration curves for
a primary cuff.

DETAILED DESCRIPTION OF SPECIFIC EMBODI-
MENTS

[0008] One or more specific embodiments of the
present disclosure will be described below. In an effort
to provide a concise description of these embodiments,
not all features of an actual implementation are described
in the specification. It should be appreciated that in the
development of any such actual implementation, as in
any engineering or design project, numerous implemen-
tation-specific decisions must be made to achieve the
developers’ specific goals, such as compliance with sys-
tem-related and business-related constraints, which may
vary from one implementation to another. Moreover, it
should be appreciated that such a development effort
might be complex and time consuming, but would nev-
ertheless be aroutine undertaking of design, fabrication,
and manufacture for those of ordinary skill having the
benefit of this disclosure.

[0009] Because direct measurements of the pressure
in the internal space of the lungs is difficult, clinicians and
respiratory specialists may use surrogate measurements
of pressure along various points of breathing circuit or
the patient’s airway to estimate the lung pressure. The
lung pressure estimates may then be used to determine
the efficacy of the ventilation (e.g., the dynamic intrapul-
monary compliance) and, in some cases, may be used
to control the settings of a ventilator, either manually or
automatically, to provide a clinical benefit to the patient.
[0010] Airway pressure may be estimated by using
measurements of pressure taken along various points of
the breathing circuit that are proximal to the tracheal tube.
For example, such measurements may be used to as-
sess a patient’s work of breathing, which may include the
airway resistance during movement of air into and out of
the lungs. Ifthe work of breathing of the patientincreases,
clinicians may assess whether the increase is due to in-
creased airway resistance in the patient (e.g., stiffened
lung tissue, which may be related to a clinical condition)
orincreased resistance in the tracheal tube due to buildup
of biofilms on the inner diameter of the tube. Because
airway pressure measurements taken proximal to the tra-
cheal tube may not provide information about resistance
built up distally, eitherin the patient or in the tube, trachea
pressure measurements may provide information to the
clinician about airway or tube-originated resistance. Tra-
chea pressure may refer to pressure in the airway space
below the cuff or near the distal tip of the cuff. With this
information, when a patient’s work of breathing increas-
es, the clinician knows ifitis due a change in the diameter
of the tracheal tube or a change in the patient’s respira-
tory system. If the resistance buildup is at least in part
due to the tracheal tube, he may take action to suction
secretions or increase the peak inspiratory pressure to
overcome the increased resistance in the tracheal tube.
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If the work of breathing increase is due to the patient’s
respiratory system, he may deliver medication to the pa-
tient or change the ventilator settings. Tube-based in-
creased work of breathing may be associated with pa-
tients who are relatively healthier than patients whose
airway resistance has increased the work of breathing.
Using such information may allow the clinician to more
accurately assess when a patient is ready to come off of
ventilator-assisted breathing.

[0011] In particular, because the internal diameter of
tracheal tube may change during the time that the patient
is intubated, for example through the buildup of patient
secretions within the tube, measurements taken up-
stream of the tracheal tube in the breathing circuit may
not be reliable for estimating pressure in the lungs. In
certain embodiments, a measurement of tracheal pres-
sure may be used as a surrogate for lung pressure or
other pulmonary pressure measurements. The tracheal
space is contiguous with the lung space, and tracheal
pressure may be a more reliable measurement than
measurements taken far upstream along the breathing
circuit. Trachea pressure may be determined either di-
rectly with pressure transducers inserted at the distal end
of the endotracheal tube or indirectly through measure-
ments of pressure inside the cuff. Direct measurements
may be difficult to obtain during long-term monitoring sit-
uations, because pressure transducers incorporated into
the distal end of a tracheal tube may become covered in
mucus or secretions, resulting in unreliable measure-
ments.

[0012] Changes in tracheal pressure may be deter-
mined from changes in the interior cuff pressure (P¢gg).
Such determinations may exploit the relationships be-
tween changes in intracuff pressure and tracheal pres-
sure, although they should account for the complexities
of the relationship. The intracuff pressure may be
changed by the pressure exerted on the underside of the
cuff (e.g., against the annular area of the cuff between
the trachea wall and the tube) during inhalation and ex-
halation. Cuffs with more surface area exposed to the
trachea (i.e., around the tube) may be influenced differ-
ently than cuffs with less exposed surface area. The
amount of surface area exposed to the sealed space in
the trachea may influence the surface area exposed to
the airway. Other factors that influence measured intra-
cuff pressure may vary from cuff to cuff (e.g. manufac-
turing variability, cuff geometry, cuff materials) and pa-
tient to patient differences (e.g., trachea size).

[0013] Accordingly, the disclosed embodiments pro-
vide a more accurate method and system for determining
trachea pressure by obtaining a measurement of pres-
sure within the inflated cuff. This measured pressure may
be used in conjunction with predetermined calibration
values or predetermined calibration curves to estimate
pressure in the lungs based on the intracuff pressure.
Such calibration coefficients or curves may account for
differences between various cuff sizes and geometries,
which may be related to the amount of exposed surface
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area onthe underside of the cuff. The resulting calibration
may be used to determine a more accurate estimate of
trachea pressure, which in turn may be used to control
aventilator and provide breathing assistance to a patient.
[0014] In certain presently contemplated embodi-
ments, the calculated trachea pressure based on the in-
tracuff pressure may be used to evaluate, adjust, or cor-
rect airway pressure values obtained along the breathing
circuit or tracheal pressure values. For example, if the
estimate of trachea pressure based on intracuff pressure
varies significantly from the airway pressure measured
upstream at a point closer to the ventilator, a clinician
may be able to determine that the tracheal tube is blocked
with secretions or other buildup, or that some other con-
dition has developed, which may involve action by the
clinician.

[0015] Also provided are tracheal tubes with couplers
or other connectors including information elements, e.g.,
memory devices, for storing the calibration information
or for providing information to an associated memory de-
vice relating to calibration. The tubes may be configured
to communicate with appropriately configured (i.e., pro-
grammed) medical devices to access and use the cali-
bration information in the determination of lung pressure.
Such tubes may allow calibration at the level of an indi-
vidual tracheal tube to account for changes in tube ge-
ometry and manufacturing variability factors. In addition,
tracheal tubes may be provided with a primary inflation
cuffthat may be inflated to seal against the tracheal walls
and one or more distal secondary calibration cuffs that
may be used to determine the tracheal pressure.
[0016] In certain embodiments, the disclosed tracheal
tubes, systems, and methods may be used in conjunction
with any appropriate medical device, including a feeding
tube, an endotracheal tube, a tracheotomy tube, a circuit,
an airway accessory, a connector, an adapter, a filter, a
humidifier, a nebulizer, nasal cannula, or a supraglottal
mask/tube. The present techniques may also be used to
monitor any patient benefiting from mechanical ventila-
tion, e.g., positive pressure ventilation. Further, the de-
vices and techniques provided herein may be used to
monitor a human patient, such as a trauma victim, an
intubated patient, a patient with a tracheotomy, an anes-
thetized patient, a cardiac arrest victim, a patient suffer-
ing from airway obstruction, or a patient suffering from
respiratory failure.

[0017] FIG. 1 shows an exemplary tracheal tube sys-
tem 10thathas beeninsertedinto the trachea of a patient.
The system 10 includes a tracheal tube 12, shown here
as an endotracheal tube, with an inflatable balloon cuff
14 that may be inflated to form a seal against the tracheal
walls. The tracheal tube 12 may also include a pressure
transducer 16 that is located within the inflated area of
the cuff 14. In certain embodiments, the pressure trans-
ducer 16 may be coupled by a cable 18 to a connector
20 that may be coupled to a medical device, such as a
ventilator 22 or a monitor 30. Fluids in the tracheal space
24 may exert pressure on the cuff 14, for example at an
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annular surface 26 of the cuff 14 that is exposed to the
tracheal space 24. Thisinturn may influence the pressure
measurements provided by the pressure transducer 16.
[0018] The system 10 may also include devices that
facilitate positive pressure ventilation of a patient, such
as the ventilator 22, which may include any ventilator,
such as those available from Nellcor Puritan Bennett
LLC. The system may also include a monitor 30 that may
be configured to implement embodiments of the present
disclosure to determine pressures based upon the pres-
sure detected within the cuff 14 or another cuff. It should
be understood that the monitor 30 may be a stand-alone
device or may, in embodiments, be integrated into a sin-
gle device with, for example, the ventilator 22.

[0019] The monitor 30 may include processing circuit-
ry, such as a microprocessor 32 coupled to an internal
bus 34 and a display 36. In an embodiment, the monitor
30 may be configured to communicate with the tube, for
example via connector 20, to obtain signals fromthe pres-
sure transducer 16. In certain embodiments, the connec-
tor 20 may also provide calibration information for the
tube 12. The information may then be stored in mass
storage device 40, such as RAM, PROM, optical storage
devices, flash memory devices, hardware storage devic-
es, magnetic storage devices, or any suitable computer-
readable storage medium. The information may be ac-
cessed and operated upon according to microprocessor
32 instructions. In certain embodiments, calibration in-
formation may be used in calculations for estimating of
pressure in the lungs. The monitor 30 may be configured
to provide indications of the lung pressure, such as an
audio, visual or other indication, or may be configured to
communicate the estimated lung pressure to another de-
vice, such as the ventilator 22.

[0020] FIG. 2A is a perspective view of an exemplary
tracheal tube 12 according to certain presently contem-
plated embodiments. The tube 12 may include a cuff 14
that may be inflated via inflation lumen 42. As shown in
more detail in the detail view in FIG. 2B, the cuff 14 may
define an inflated space 48 that substantially surrounds
the pressure transducer 16, which may be embedded in
or otherwise attached to an exterior surface 44 of a wall
45 of the tube 12. Leads 46 may connect the pressure
transducer 16 to connector 20.

[0021] The pressure transducer 16 may be any suita-
ble pressure sensor that may be integrated into or onto
the exterior wall of the tube 12. For example, the pressure
transducer 16 may be a piezoelectric pressure sensor.
The leads 46 may be soldered or otherwise coupled to
the pressure transducer 16 and may run along the length
of tube 12 to connector 20 in any suitable manner. For
example, the leads may be embedded within the wall 45
of the tube 12. In one embodiment, a lumen may be ex-
truded into the walls 45 of the tube 12 into which the leads
46 may be inserted. It should be understood that, while
the pressure transducer 16 may be integrated into or onto
the exterior wall of the tube 12, other contemplated em-
bodiments may involve a proximally located pressure
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transducer 16 that is in fluid communication, for example
through a lumen, with the inflated area 48 of the cuff 12.
[0022] The connector 20 may be suitably configured
to connect to a receiving port on the monitor 30. The
connector 20 may contain an information element, such
as amemory circuit, such asan EPROM, EEPROM, cod-
ed resistor, or flash memory device for storing calibration
information for the cuff 14. The connector may also con-
tain certain processing circuitry for at least partially
processing signals from the pressure sensor or for inter-
acting with any memory circuitry provided. When the con-
nector 20 is coupled to the monitor 30, the information
element may be accessed to provide cuff calibration in-
formation to the monitor 30. In addition, the connector 20
may facilitate providing pressure monitoring information
to the monitor 30. In certain embodiments, the calibration
information may be provided in a barcode that may be
scanned by a reader coupled to the monitor 30. Alterna-
tively, the pressure transducer 16 may include a passive
or active RFID circuit that may be read wirelessly to con-
vey pressure monitoring information and cuff calibration
information to the monitor 30. In otherembodiments, tube
identifying data, calibration data, and so forth may simply
be entered manually.

[0023] The tube 12 and the cuff 14 are formed from
materials having suitable mechanical properties (such
as puncture resistance, pin hole resistance, tensile
strength), chemical properties (such as biocompatibility).
In one embodiment, the walls of the cuff 14 are made of
a polyurethane having suitable mechanical and chemical
properties. An example of a suitable polyurethane is Dow
Pellethane® 2363-80A. In another embodiment, the
walls of the cuff 14 are made of a suitable polyvinyl chlo-
ride (PVC). In certain embodiments, the cuff 14 may be
generally sized and shaped as a high volume, low pres-
sure cuff that may be designed to be inflated to pressures
between about 15cm H,0 and 30cm H,O. However, it
should be understood that the intracuff pressure may be
dynamic. Accordingly, the initial inflation pressure of the
cuff 14 may change over time or may change with chang-
es in the seal quality or the position of the cuff 14 within
the trachea.

[0024] The system 10 may also include a respiratory
circuit (not shown) connected to the endotracheal tube
12 that allows one-way flow of expired gases away from
the patient and one-way flow of inspired gases towards
the patient. The respiratory circuit, including the tube 12,
may include standard medical tubing made from suitable
materials such as polyurethane, polyvinyl chloride
(PVC), polyethylene teraphthalate (PETP), low-density
polyethylene (LDPE), polypropylene, silicone, neoprene,
polytetrafluoroethylene (PTFE), or polyisoprene.

[0025] While the intracuff pressure may be measured
within a cuff 14 that expands to form a seal against the
tracheal walls of a patient, certain geometric properties
of such a cuff 14 may be influenced by the anatomy of
the patient. For example, depending upon the outer di-
mensions of the tube (i.e., the inner dimensions of the

10

15

20

25

30

35

40

45

50

55

cuff), and the inner dimensions of the trachea, different
areas of the surface 26 of the cuff may be exposed to
the tracheal space 24. That is, the annular area of the
cuff between the tube and the trachea may vary. To re-
duce the effect of patient anatomy variations on the in-
tracuff pressure, an embodiment of a tracheal tube 12,
as shown in FIG. 3, may include a secondary cuff 50 that
may be suitably sized and shaped so that, when inflated,
the walls 52 of the secondary cuff 50 may not touch the
walls of the trachea. Accordingly, the geometry of the
inflated secondary cuff 50 may be subject to little or no
influence of the tracheal anatomy. The secondary cuff
50 may include a pressure transducer 16 that is capable
of being coupled to the monitor 30 in the manner de-
scribed above, either through connector 20 or through a
wireless connection. When the secondary cuff 50 is in-
flated, the pressure in the tracheal space 24 may influ-
ence the sensed pressure within the secondary cuff 50.
[0026] When provided, the inflation volume of the sec-
ondary cuff 50 may be smaller than that of the cuff 14,
which is large enough to meet the walls of the trachea
when inflated. A typical sealing cuff 14 may be a high
volume cuff configured to have a diameter 54 at a widest
point about 1.5X the size of an average trachea, while
the secondary cuff 50 may be configured to have a di-
ameter at a widest point of about 0.5X or less than the
size of an average trachea. Forexample, an adulttrachea
may range in size from 14 mmto 27 mm, with the average
being around 20. Accordingly, a secondary cuff may have
an inflated widest diameter 56 of less than about 10 mm,
less than about 8 mm, or less than about 5 mm. In em-
bodiments, various sizes of tubes 12 and cuffs 14 may
be used for patients according to their physical charac-
teristics. In one embodiment, the secondary cuff 50 may
be sized up or sized down in proportion to the size of the
tube 12. In one embodiment, because a calibration curve
for a secondary cuff 50 may plateau above 40 cm H,0,
the cuff 50 may be inflated to 40 cm H,O or less in use,
or between 40 cm H,0 and 60 cm H,O, which corre-
sponds to the area of the plateau. In other embodiments,
the secondary cuff 50 may be inflated to any suitable
pressure, for example between about 10 cm H,O and
about 60 cm H,0, to obtain pressure readings.

[0027] Asnoted, the secondary cuff 50 may experience
reduced effects of patient anatomy on intracuff pressure,
which in turn may reduce patient to patient variability in
tracheal pressure effects on the intracuff pressure. Inone
embodiment, a tube 12 may include a primary sealing
cuff 14 with a first pressure transducer 16, and secondary
cuff 50 with a second pressure transducer 16. In such
embodiments, the intracuff pressure of the secondary
cuff 50 may be used to calibrate the effects of individual
patient anatomy on the primary cuff 14. For example,
both the primary cuff 14 and the secondary cuff 50 may
be inflated to the same initial intracuff pressure (e.g., 25
cm H,0). Any subsequent differences between the in-
tracuff pressure between the primary cuff 14 and the sec-
ondary cuff 50 may be at least in part attributable to pa-
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tient anatomy effects. In certain embodiments, the sec-
ondary cuff 50 may be only intermittently inflated to ini-
tially calibrate primary cuff 14 and then for spot checks
of the calibration.

[0028] FIG. 4 is an exemplary process flow diagram
illustrating a method for determining trachea pressure
based upon cuff pressure. The method is generally indi-
cated by reference number 60 and includes various steps
or actions represented by blocks. It should be noted that
the method 60 may be performed as an automated or
semiautomated procedure by a system, such as system
10. Further, certain steps or portions of the method may
be performed by separate devices. For example, a por-
tion of the method 60 may be performed by a pressure
transducer 16, while a second portion of the method 60
may be performed by a monitor 30. In embodiments, the
method 60 may be performed continuously or intermit-
tently for long-term patient monitoring or at any appro-
priate interval depending on the particular situation of the
intubated patient.

[0029] According to a presently contemplated embod-
iment, the method 60 begins with a measurement of in-
tracuff pressure at step 62 by a transducer 16 associated
with a tracheal tube 12 that has been inserted into a pa-
tient, The pressure may be communicated to the monitor
30 for further analysis. At step 64, the monitor also re-
ceives calibration information from an information ele-
ment or other storage device associated with the con-
nector 20. It should be noted that the monitor may, of
course, receive data or signals directly from the pressure
transducer. At step 66, trachea pressure is estimated
from the intracuff pressure calibrated based on the cali-
bration information.

[0030] As noted, the relationship between the intracuff
pressure and the tracheal pressure may be used to es-
timate the trachea pressure. For example, a trachea
pressure value may be determined by the relationship:

Prracrea = f{ Pcurr)

where the trachea pressure is a function of the pressure
in the cuff. In one embodiment, the function may be
solved to yield a calibration factor, r, that represents the
"gain" of the individual cuff (e.g., cuff 14 and/or secondary
cuff 50) and P¢gf is the monitored (e.g., sensed) intra-
cuff pressure as measured by the pressure transducer
16. In one embodiment, r may be a ratio that defines the
relationship between sensed cuff pressure peak to peak
and trachea pressure peak to peak, where the peak to
peak measurements are taken at a peak pressure of the
respiratory cycle. The value of the coefficient r may be
determined during a calibration phase of deployment of
the tube, or may be a known value or set of values de-
termined for individual tubes, cuffs, or tube products in-
corporating specific tube and cuff dimensions and mate-
rials. As noted above, such values may be automatically
acquired from the tube (e.g., from information stored in
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the connector), or may be entered by scanning abarcode,
or by manual input. Other techniques for determining
such values may include referencing from alookup table
stored in the tube connector orin the monitor or ventilator,
or even remote from these (e.g., in a network-accessible
device).

[0031] In one embodiment, the Pcyrr (rererencE):
which may be the initial inflation pressure in the cuff or a
reference pressure measurement taken at a minimum
pressure point in the respiratory cycle, may be used to
determine which coefficient r to select from a calibration
curves for an individual cuff. Because the pressure ex-
erted on the cuff from the trachea may change over the
respiratory cycle of inhalation and exhalation, the
PcurF (ReFeRENCE) May representthe minimum pressure
exerted on the cuff after exhalation. The
Pcurr (Rererence) May be a rolling average of a mini-
mum pressure during a predetermined number of peaks
(e.g., five peaks). Because the pressure in the cuff may
also change as a cuff moves within the trachea, using
the Pcyrr (ReFerRENCE) @S @ reference point may account
for such orientation and/or movement effects on the cuff.
For example, FIG. 5 is a plot 70 that shows examples of
calibration curves for a set of cuffs of the same geometry.
The Pcyrr (Rererence) ON the x-axis 72 is plotted against
the gain r. As shown in FIG. 5, the y-axis 74 may be
plotted against 1/r, from which r may be determined. By
using the Pcyrr (rRererence) that corresponds to the par-
ticular cuff being used, the coefficient r may be deter-
mined. The coefficient r may then be used to determine
aratio relationship for the trachea pressure and the mon-
itored pressure in the cuff. In one example, the PtracHEA
[PcuyEr ratio, or the gain factor r, may be 1.2 Accordingly,
for a monitored intracuff pressure of 30 cm H,0, the Tra-
chea pressure achieved in the lungs may be 36 cm H,0.
In a presently contemplated embodiment, for example,
the trachea pressure may be a function of the initially
detected cuff pressure, which may be considered as an
offset value, and the continuously or periodically deter-
mined cuff pressure, such as by the relationship:

Prracuea = 1Pcurr - Pourr (REFERENCE)

wherein Prrachea is the trachea pressure, P ggs is the
cuff pressure sensed, and Poyrr rererence IS an offset
reference cuff pressure taken either right after inflation
or right after a breath cycle, and r is the calibration ratio
of sensed trachea pressure to cuff pressure (which,
again, may be a fixed or varying value).

[0032] In practice, a series of relationships, which may
be considered as "gain" surfaces, may be defined in ad-
vance for a particular tube and cuff combination, where
each surface may be considered as "gain" curves. Each
such combination may be presented as a tube product
available for use by a physician or technician. The gain
curves may establishrelationships between the cuff pres-
sure and the trachea pressure, and may be stored and
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accessed in any suitable manner, such as those dis-
cussed above. These curves may be derived from data
such as that represented in FIG. 5. Based upon the ini-
tially detected cuff pressure, then, one of these curves
orrelationships is selected from among several available
for an individual tube and cuff combination. This selec-
tion, then, may determine the coefficient r used subse-
quently to determine trachea pressure from measured
cuff pressure. In certain embodiments, this process may
be simplified by simplification of the relationship defining
the "gain" coefficient (e.g, assigning a fixed value, line-
arization of non-linear relationships, and so forth). In cer-
tain cases it may also be possible to use a single coeffi-
cient for a tube product, and thus avoid selection of the
gain relationship upon initial intubation.

[0033] It should also be noted that in alternative em-
bodiments, such as those using a tube with a secondary
cuff of the type described above, the process for trachea
pressure determination may be further simplified. For ex-
ample, in certain cases, the transducer within a second-
ary cuff that does not contact the trachea walls may be
considered to represent the actual trachea pressure (or
airway pressure) at the location of the cuff offset by an
inflation pressure of the secondary cuff. Thatis, the pres-
sure read by a transducer within the secondary cuff may
be a sum of the cuff pressure and the pressure exerted
on the cuff by the air in the surrounding airway. However,
even when such secondary cuffs are employed, the ac-
tual airway pressure may be attenuated somewhat by
the mechanical operation of the cuff, and a "gain" rela-
tionship may nevertheless be employed, as summarized
above, to provide a more accurate estimation of the air-
way pressure.

[0034] Monitor 30 may use the estimated trachea pres-
sure to determine whether the breathing system 10 is
achieving compliance. In certain embodiments, the esti-
mated trachea pressure may be used to correct or adjust
settings on a ventilator 22. For example, compliance may
be associated with achieving target pressures in the air-
way during ventilation. If the target pressures in the air-
way are not achieved, the ventilator settings may be ad-
justed to increase or decrease the inspiratory pressure.
Further, the estimated trachea pressure may be used to
determine whether there is a blockage along the tube 12
by calculating the tube resistance using the pressure
measurements and flow measurements taken at points
closer to the ventilator 22, where a resistance increase
may be indicative of a blockage or change in diameter
of the tube 12. The monitor 30 may be configured to pro-
vide a graphical, visual, or audio representation of the
estimated lung pressure. For example, ventilation com-
pliance may be indicated by a green light indicated on a
display, while a drop in pressure indicating a blockage in
the tube 12 may trigger an alarm, which may include one
or more of an audio or visual alarm indication. In one
embodiment, the alarm may be triggered if the change
in pressure is substantially greater than a predetermined
value, substantially less than a predetermined value, or
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outside of a predetermined range.

[0035] The information encoded on an information el-
ement, for example associated with the connector 20,
may be encoded during a tracheal tube manufacturing
process. FIG. 6 is a process flow diagram illustrating a
method for determination of such information, for exam-
ple in conjunction with a secondary cuff 50. The method
is generally indicated by reference number 80 and in-
cludes various steps or actions represented by blocks.
At step 82, a tracheal tube is coupled to a device that
inflates the attached cuff 50 over a series of inflation pres-
sures. The device may include a pneumatically sealed
chamber or other surrogate for determining the pressure
in the space outside the cuff. At step 83, the cuff 50 and
the device may be set so that the pressures are substan-
tially equal. At step 84, the pressure in the calibration
device is cycled (e.g., incrementally) through a range of
pressures (for example, ranging from about 20 to about
100 cm H,0) while the pressure inside the cuff is meas-
ured during the cycling.

[0036] At step 86, the cuff is inflated to a new equal
pressure with the calibration device (e.g., an increment
of 5 cm or 10 cm H,O greater than the pressure used at
step 83). Pressure measurements inside the cuff are tak-
en while the calibration device is cycled through a range
of pressures at step 88. Steps 86 and 88 may be repeated
any number of times with different cuff pressures used
each time. A secondary cuff 50 may be inflated up to 60
cm H,0, in particular because the cuff 50 does not con-
tact the trachea walls, so higher inflation pressures rel-
ative to a sealing cuff 14 may be used. In this manner,
the cuff 50 may be calibrated for a range of pressures
inside the cuff as well as for arange of trachea pressures.
FIG. 7 is a perspective partial cutaway view of an example
of such a calibration chamber 92. The calibration cham-
ber may define a space 94 that may be enclosed and
kept at a known pressure. One or more tracheal tubes
12 may be installed within the space. The cuffs 50 may
be inflated via inflation lines 42 to a series of pressures.
At step 86, the pressure inside the cuff 50 may be mon-
itored and, at step 88, the relationship between the known
pressure in the space 94 and the sensed pressure for an
individual cuff 50 may be determined or, alternatively may
be stored as raw data for subsequent processing or anal-
ysis. The relationship information over a series of cuff
pressures may be stored on a memory circuit associated
with the tube 12 (or otherwise, as described above), as
indicated at step 90. In such an arrangement, the rela-
tionship between cuff pressure and outside pressure may
be determined on an individual tube basis. Similar cali-
brations may be made for products or families of tubes,
such as by size, or by combinations of particular tubes
and cuffs. By obtaining information about the r factor for
different tracheal pressures as well as intracuff pres-
sures, r may be extrapolated even in situations were the
calibration factor is non-linear.

[0037] For calibration information relating to a cuff 14
that contacts a trachea, the calibration information may
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take the form of a family of empirically determined cali-
bration curves, with each curve relating to a particular
cuff/tube combination within a particular tracheal diam-
eter. The family may involve curves for a number of dif-
ferent tracheal diameters. FIG. 8 is a process flow dia-
gram illustrating a method for determination of such in-
formation for a cuff 14. The method is generally indicated
by reference number 100 and includes various steps or
actions represented by blocks. At step 101, a tracheal
tube is coupled to a calibration device that may include
a pressurized chamber and a plurality of model tracheas
of different diameters. At step 102, a tracheal tube is in-
serted into a model trachea (e.g., a glass or acrylic tube)
of a given diameter and coupled to a device that is ca-
pable of inflating the attached cuff 14 over a series of
inflation pressures within the model trachea of a given
size. At step 103, the cuff 14 and the device may be set
sothatthe pressures are substantially equal. At step 104,
the pressurized chamber is cycled through a range of
pressures and measurements of the cuff pressure are
taken, for example at predetermined increments, via
pressure transducer 16. At step 106, the pressure inside
the cuff 14 and the calibration device may be reset to
equal pressure, starting at an incrementally larger cuff
pressure as compared to the pressure used in step 103.
Pressure measurements inside the cuff 14 are taken
while the calibration device is cycled through a range of
pressures at step 108. The method 100 may loop back
to step 106 any number of times to repeat the process
at different starting equal pressures of the cuff 14 and
the calibration device. The relationship information over
a series of cuff pressures may be stored on a memory
circuit associated with the tube 12 (or otherwise, as de-
scribed above. The process may return to step 102 one
or more times to repeat the process for the tube 12 for a
model trachea of a different diameter. In this manner, the
cuff 14 may be calibrated for a range of pressures inside
the cuff 14 and the trachea as well as for a range of
tracheal diameters.

[0038] For example, FIG. 9 shows a plot of a family of
calibration curves with the gain on the y-axis 122 and the
reference pressure on the x-axis. The curves are specific
to an individual tube 12 for different diameters of model
tracheas. Curve 126 corresponds to a tracheal diameter
of 20mm while curve 128 corresponds to a tracheal di-
ameter of 25mm. A given tube size may be calibrated
with model trachea of diameters corresponding to a rec-
ommended trachea range for that size. For example, a
7.5mm tube may be recommended for use with trachea
of diameters ranging from 20mm-25mm. Accordingly, the
calibration information for a 7.5mm tube may include a
calibration curve at 20mm and one at 25mm and may
also include curves for intervening tracheal sizes in that
range.

[0039] The tube 12 may be inserted into a patient and
the information stored on the memory circuit may be ac-
cessed. While the diameter of a patient’s trachea may
not be known, comparing the reading of airway pressure
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directly after intubation to the measured cuff pressure
should allow a monitor 30 to select the appropriate curve.
The airway pressure should be relatively close to (e.g.,
within 2% of) the tracheal pressure at early points in the
intubation life of the cuff 14, before any buildup has ac-
cumulated on the tube 12. Based on the measured pres-
sure in the cuff and the airway pressure, the monitor 30
may select the trachea surface corresponding to a clos-
est tracheal diameter for the individual patient, or may
interpolate between two tracheal inner diameter curves.
The selected curve may then be used for the entire intu-
bation with that tube 12 for that patient.

[0040] The above calibration techniques assume that
the gain for each individual cuff/tube combinationis linear
over arange of pressures. In certain embodiments, such
an assumption may have a negligible impact on the cal-
culated trachea pressure (e.g., less than 10% variation
from actual trachea pressure when assuming the gain is
linear). However, the relationship between the gain of a
particular cuff and the cuff pressure may be more com-
plex, and the complexity may be accounted for when cal-
culating the trachea pressure based on measured pres-
sure inside a culff.

[0041] For the case of a secondary cuff 50 that is as-
sumed not to contact the walls of the trachea, a calcula-
tion that may take into account variations in gain over a
range of cuff pressures is illustrated by the method 130
shown in FIG. 10. At step 132, a reference pressure, the
Pcurr (ReFerence), May be obtained by measuring the
pressure in the inflated cuff 50 at expiration. At step 134,
the Pcurr (Rererence) May be used to select a set of
potential gain values. For example, such values may be
selected from a plot 150 of gain curves (shown as curves
152, 154, and 156) shown in FIG. 11, that correspond to
the particular tube/cuff combination. The plot 150 shown
is a plot of gain on the y-axis and Pcyrr (RererencE) ON
the x-axis. The set of gain values 158, each of which
represents a different gain, may correspond to particular
Pcurr pressures during the breath cycle. At step 136,
the Pcygr pressure during the breath cycle may be sam-
pled. From the measured Pq ¢ pressure, the gain is
selected from the set of points 158 at step 137. After the
gain is know, the tracheal pressure may be estimated as
discussed herein at step 138. The method 130 may cycle
between steps 136 and 138. In one embodiment, the
method 130 may also return to step 132 to reestablish
the Pcyrr rererence) at any point during respiration of
the patient. The information in the gain curves 152, 154,
and 156 (which may be any suitable number of curves)
is collected during calibration of the cuff 50. For example,
the measured Pcyrr (Rererencey May be measured as
20 cm H,0. The gain points (e.g., points on the plot 150
corresponding to 20 cm H,0) may represent different
inflation pressures of the cuff 50 gathered while the cal-
ibration device chamber was set to a tracheal pressure
corresponding to the Pcyrr (rererence) Of 20 cm Hy0.
Further, the correspondence of the gain values 158 to
measured P pressures may also be established dur-
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ing calibration. The correspondence of the calibration in-
formation (e.g., the gain values) to the measured P¢re
pressures may be calculated from a previously deter-
mined (and/or stored) function, or may be established by
using a lookup table or plot.

[0042] Forthe case of acuff14 thatisinflated to contact
the walls of the trachea, a calculation that may take into
account variations in gain over a range of cuff pressures
is illustrated by the method 160 shown in FIG. 12. At step
162, which may take place directly after intubation, a pa-
tient may go through at least one-two breath cycles.
[0043] The relationship between the pressure at the
ventilator and the pressure in the trachea may be ex-
pressed as PrracHea = Pvent/o. The pressure in the
airway at the ventilator may be used to estimate the tra-
cheal pressure (where o is a constant that is known and
may be stored by the tube 12 or the monitor 30). Once
tracheal pressure is determined, the P g pressure may
be used at step 166 to estimate the tracheal diameter
and select from among groups of gain curves. At this
point, the Pcyrr (RererencEy May be sampled at step
167. Using the Pcyrr (rRererence) the set 182 of gain
values may be selected at step 168 from the plot 180,
shown in FIG, 13, of groups of gain curves, whereby each
group is associated with a different tracheal diameter. As
shown, group 184 is associated with 20mm, group 186
is associated with 23mm, and group 188 is associated
with 25mm. When the group is selected, for example
group 184, the set 182 may correspond to particular
Pcurr pressures for the cuff 14 during the breath cycle.
At step 169, the P rg pressure during the breath cycle
may be sampled. From the measured P g pressure,
the gain is selected from the set of points 182 at step 170
andthe trachea pressureis determined at step 172 based
on the gain and the P ¢ pressure as discussed herein.
Curves 190 192, and 194 represent the gains at different
calibration pressures for a single tracheal diameter. As
in the calibration for the secondary cuff 50, the method
160 may cycle between steps 169 and 172. In one em-
bodiment, the method 160 may also return to step 167
to reestablish the Pcyrr (rRererence) at @any point during
respiration of the patient. Further, the calibration infor-
mation for the cuff 14 may be collected, stored, and proc-
essed as provided herein.

[0044] While the disclosure may be susceptible to var-
ious modifications and alternative forms, specificembod-
iments have been shown by way of example in the draw-
ings and have been described in detail herein. However,
it should be understood that the embodiments provided
herein are not intended to be limited to the particular
forms disclosed. Indeed, the disclosed embodiments
may not only be applied to measurements of tracheal
tube pressure, but these techniques may also be utilized
for the measurement and/or analysis of the cuff pressure
for any medical device inserted into a patient’s airway.
Rather, the various embodiments may cover all modifi-
cations, equivalents, and alternatives falling within the
scope of the disclosure as defined by the following ap-
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pended claims.

Claims

1. Asystem (10)for determining trachea pressure com-
prising: a tracheal tube (12) comprising a conduit
configured to be inserted into the trachea of a sub-
ject, an inflatable cuff (14) surrounding the conduit
and configured to contact the trachea of the subject,
a pressure transducer (16) associated with the cuff,
and an information element associated with the tra-
cheal tube (12), wherein the information element
comprises a memory circuit configured to store a plu-
rality of relationships between pressure in the cuff
and trachea pressure; and a processor configured
to: receive information related to a pressure in the
cuff; select a relationship from the stored plurality of
relationships between the pressure in the cuff and
the trachea pressure; and determine the trachea
pressure based upon the selected relationship.

2. The system of claim 1, wherein the selected relation-
ship is a function of the pressure in the cuff.

3. Thesystemofclaim 1, wherein the trachea pressure
is determined by multiplying the pressure in the cuff
by a ratio of a lung pressure to the cuff pressure that
is determined by the selected relationship.

4. The system of claim 3, wherein the lung pressure is
determined by subtracting a reference cuff pressure
from the product of the sensed cuff pressure and the
ratio.

5. The system of claim 3, wherein the lung pressure is
determined by an algorithm that implements an
equation generally of the form:

Pr=1Pc - Pco,

wherein P is the trachea pressure, P is a cuff pres-
sure monitored during respiration of the subject, P,
is a reference cuff pressure, and r is a ratio of lung
pressure to sensed cuff pressure.

6. The system of claim 5, wherein the reference cuff
pressure is the initial inflation pressure of the cuff or
the lowest pressure seen in the breathing cycle after
ventilation has begun.

7. The system of claim 5 wherein the ratio is a non-
constant value, optionally wherein the ratio varies
with monitored cuff pressure during respiration of the
subject or the ratio is a function of a relationship be-
tween the tracheal tube (12) and the trachea of the
subject.
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A system (10) for determining lung pressure com-
prising: a tracheal tube (12) comprising a conduit
configured to be inserted into the trachea of a sub-
ject, an inflatable cuff (14) surrounding the conduit
and configured to contact the trachea of the subject,
a pressure transducer (16) associated with the cuff
and an information element associated with the tra-
cheal tube (12), wherein the information element
comprises a memory circuit configured to store a plu-
rality of relationships between cuff pressure and lung
pressure; and a processor configured to determine
a cuff pressure once the cuff is inflated based upon
a signal from the transducer and information from
the information element; select a relationship from
the stored plurality of relationships between cuff
pressure and lung pressure, and to determine lung
pressure based upon the selected relationship be-
tween the cuff pressure and the lung pressure.

The system of claim 8, wherein the selected relation-
ship defines a ratio between the cuff pressure and
the trachea pressure.

The system of claim 9, wherein the ratio is deter-
mined by selecting a point on a calibration curve rep-
resentative of the reference cuff pressure.

The system of claim 9, wherein the ratio varies with
monitored cuff pressure during respiration of the sub-
ject.

The system of claim 9, wherein the ratio is a function
of a relationship between the tracheal tube (12) and
the trachea of the subject.

Patentanspriiche

1.

System (10) zum Bestimmen des Tracheadrucks,
das Folgendes umfasst: einen Trachealtubus (12),
der eine Leitung umfasst, die konfiguriert ist, um in
die Trachea eines Subjekts eingefiihrt zu werden,
eine aufblasbare Manschette (14), die die Leitung
umgibt und die konfiguriert ist, um die Trachea des
Subjekts zu kontaktieren, einen Druckwandler (16),
der der Manschette zugeordnet ist, und ein Informa-
tionselement, das dem Trachealtubus (12) zugeord-
net ist, wobei das Informationselement eine Spei-
cherschaltung umfasst, die konfiguriert ist, um eine
Vielzahl von Beziehungen zwischen dem Druck in
der Manschette und dem Tracheadruck zu spei-
chern; und einen Prozessor, der konfiguriert ist, um:
Informationen in Bezug auf einen Druck in der Man-
schette zu empfangen; eine Beziehung aus der ge-
speicherten Vielzahl von Beziehungen zwischen
dem Druck in der Manschette und dem Trachea-
druck auszuwéhlen; und den Tracheadruck auf der
Grundlage der ausgewahlten Beziehung zu bestim-
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men.

System nach Anspruch 1, wobei die ausgewahlte
Beziehung eine Funktion des Drucks in der Man-
schette ist.

System nach Anspruch 1, wobei der Tracheadruck
durch Multiplizieren des Drucks in der Manschette
mit einem Verhaltnis eines Lungendrucks zum Man-
schettendruck bestimmt wird, der durch die ausge-
wahlte Beziehung bestimmt ist.

System nach Anspruch 3, wobei der Lungendruck
durch Subtrahieren eines Referenzmanschetten-
drucks vom Produkt des ermittelten Manschetten-
drucks und des Verhaltnisses bestimmt wird.

System nach Anspruch 3, wobei der Lungendruck
durch einen Algorithmus bestimmt wird, der im All-
gemeinen eine Gleichung in folgender Form imple-
mentiert:

PT =r PCS = PCO;

wobei Py der Tracheadruck ist, P4 ein Manschet-
tendruck ist, der wahrend der Respiration des Sub-
jekts Uberwacht wurde, P, ein Referenzmanschet-
tendruck ist, und r ein Verhaltnis von Lungendruck
zu ermitteltem Manschettendruck ist.

System nach Anspruch 5, wobei der Referenzman-
schettendruck der anfangliche Aufblasdruck der
Manschette oder der niedrigste Druck ist, der im At-
mungszyklus nach dem Beginn der Beatmung zu
sehen ist.

System nach Anspruch 5, wobei das Verhaltnis ein
nicht konstanter Wert ist, wobei sich optional das
Verhaltnis je nach tiberwachtem Manschettendruck
wahrend der Respiration des Subjekts &ndert oder
das Verhaltnis eine Funktion einer Beziehung zwi-
schen dem Tracheatubus (12) und der Trachea des
Subjekts ist.

System (10) zum Bestimmen des Lungedrucks, das
Folgendes umfasst: einen Tracheatubus (12), der
eine Leitung umfasst, die konfiguriert ist, um in die
Trachea eines Subjekts eingefuihrt zu werden, eine
aufblasbare Manschette (14), die die Leitung umgibt
und die konfiguriert ist, um die Trachea des Subjekts
zu kontaktieren, einen Druckwandler (16), der der
Manschette zugeordnet ist, und ein Informationse-
lement, das dem Tracheatubus (12) zugeordnet ist,
wobei das Informationselement eine Speicherschal-
tung umfasst, die konfiguriert ist, um eine Vielzahl
von Beziehungen zwischen dem Manschettendruck
und dem Lungendruck zu speichern; und einen Pro-
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zessor, der konfiguriert ist, um einen Manschetten-
druck auf der Grundlage eines Signals vom Wandler
und der Informationen vom Informationselement zu
bestimmen, sobald die Manschette aufgeblasen ist;
eine Beziehung aus der gespeicherten Vielzahl von
Beziehungen zwischen dem Manschettendruck und
dem Lungendruck auszuwahlen, und auf der Grund-
lage der ausgewahlten Beziehung zwischen dem
Manschettendruck und dem Lungendruck den Lun-
gendruck zu bestimmen.

System nach Anspruch 8, wobei die ausgewahlte
Beziehung ein Verhaltnis zwischen dem Manschet-
tendruck und dem Tracheadruck definiert.

System nach Anspruch 9, wobei das Verhaltnis
durch das Auswéhlen eines Punktes auf einer Kali-
brierkurve bestimmt wird, der den Referenzman-
schettendruck reprasentiert.

System nach Anspruch 9, wobei sich das Verhaltnis
je nach Uberwachtem Manschettendruck wahrend
der Respiration des Subjekts andert.

System nach Anspruch 9, wobei das Verhéltnis eine
Funktion einer Beziehung zwischen dem Trachea-
tubus (12) und der Trachea des Subjekts ist.

Revendications

Systeme (10) permettant de déterminer une pres-
sion trachéale, comprenant : un tube trachéal (12)
comprenant un conduit configuré pour étre inséré
dans la trachée d’'un sujet, un manchon gonflable
(14) entourant le conduit et configuré pour vernir en
contact avec la trachée du sujet, un transducteur de
pression (16) associé au manchon, et un élément
d’'information associé au tube trachéal (12), dans le-
quel I'élément d’'information comprend un circuit de
mémaoire configuré pour stocker une pluralité de re-
lations entre la pression au sein du manchon et la
pression trachéale ; et un processeur configuré
pour : recevoir des informations liées a une pression
au seindumanchon ; sélectionner une relation parmi
la pluralité stockée de relations entre la pression au
sein du manchon et la pression trachéale ; et déter-
miner la pression trachéale en se basant sur la re-
lation sélectionnée.

Systeme selon la revendication 1, dans lequel la re-
lation sélectionnée est fonction de la pression au
sein du manchon.

Systeme selon la revendication 1, dans lequel la
pressiontrachéale estdéterminée grace a une étape
consistant a multiplier la pression au sein du man-
chon par un rapport d’une pression pulmonaire sur
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la pression de manchon qui est déterminée grace a
la relation sélectionnée.

Systéme selon la revendication 3, dans lequel la
pression pulmonaire estdéterminée grace a une éta-
pe consistant a soustraire du produit de la pression
de manchon détectée et dudit rapport une pression
de manchon de référence.

Systéme selon la revendication 3, dans lequel la
pression pulmonaire est déterminée grace a un al-
gorithme qui utilise une équation essentiellement
sous la forme :

PT: I‘PCS - PCO;

dans lequel Pt estla pression trachéale, P estune
pression de manchon surveillée pendant la respira-
tion du sujet, P, est une pression de manchon de
référence, et r est un rapport de la pression pulmo-
naire sur la pression de manchon détectée.

Systéme selon la revendication 5, dans lequel la
pression de manchon de référence est la pression
de gonflage initiale du manchon ou la pression la
plus basse constatée dans le cycle de respiration
apres que la ventilation a commencé.

Systéme selon larevendication 5, dans lequel le rap-
port est une valeur non constante, optionnellement
danslequelle rapport varie avec la pression de man-
chon surveillée pendant la respiration du sujet ou le
rapport est fonction d’'une relation entre le tube tra-
chéal (12) et la trachée du sujet.

Systéme (10) permettant de déterminer une pres-
sion pulmonaire, comprenant : un tube trachéal (12)
comprenant un conduit configuré pour étre inséré
dans la trachée d’'un sujet, un manchon gonflable
(14) entourant le conduit et configuré pour venir en
contact avec la trachée du sujet, un transducteur de
pression (16) associé au manchon et un élément
d’information associé au tube trachéal (12), dans le-
quel I'élément d’information comprend un circuit de
meémoire configuré pour stocker une pluralité de re-
lations entre la pression de manchon et la pression
pulmonaire ; et un processeur configuré pour déter-
miner une pression de manchon une fois que le man-
chon est gonflé en se basant sur un signal en pro-
venance du transducteur et sur des informations en
provenance de I'élément d’information ; sélection-
ner une relation parmi la pluralité stockée de rela-
tions entre la pression de manchon et la pression
pulmonaire, et déterminer une pression pulmonaire
en se basant sur la relation sélectionnée entre la
pression de manchon et la pression pulmonaire.
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Systeme selon la revendication 8, dans lequel la re-
lation sélectionnée définit un rapport entre la pres-
sion de manchon et la pression trachéale.

Systeme selon larevendication 9, dans lequel le rap-
port est déterminé grace a une étape consistant a
sélectionner un point sur une courbe d’étalonnage
représentative de la pression de manchon de réfé-
rence.

Systeme selon larevendication 9, danslequel le rap-
port varie avec la pression de manchon surveillée
pendant la respiration du sujet.

Systeme selon larevendication 9, dans lequel le rap-
port est fonction d’'une relation entre le tube trachéal
(12) et la trachée du sujet.
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