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Description

REFERENCE TO RELATED APPLICATIONS

[0001] This application is a continuation in part of copending U.S. Patent Application Serial Number 09/382,030,
entitled MONITORING AND CONTROL FOR A LARYNGEAL MASK AIRWAY DEVICE, which was filed on August 24,
1999. This application is also a continuation in part of copending U.S. Patent Application Serial Number 09/602,264,
entitled MONITORING AND CONTROL FOR A LARYNGEAL MASK AIRWAY DEVICE, which was filed on June 23, 2000.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to monitoring patients during surgical procedures in which a general anesthetic
has been applied. More specifically, the present invention relates to methods and apparatus for automatically generating
an alarm when a patient’s depth of anesthesia is insufficient for the surgical procedure being performed.
[0003] One important function performed by anesthesiologists relates to maintaining an open airway for a patient
throughout a surgical procedure. When a general anesthetic is applied, some type of artificial airway is almost always
established for the patient. One popular device for establishing an artificial airway is an endotracheal tube. Another is
the well known laryngeal mask airway (LMA).
[0004] Figure 1 shows a perspective view of a prior art LMA 100 and Figure 2 illustrates an LMA 100 that has been
inserted into a patient. LMAs such as LMA 100 are described for example in U.S. Patent No. 4,509,514. LMA 100
includes an airway tube 110 and a mask portion 130. The mask portion 130 includes a generally elliptical inflatable cuff
134. The tube 110 and mask portion 130 are coupled together and define a continuous, sealed, airway extending from
a proximal end 112 of tube 110 to an opening 136 defined in the mask portion 130. LMA 100 also includes an inflation
tube 138 for selectively inflating or deflating cuff 134.
[0005] In operation, the cuff 134 is initially deflated, and then the mask portion is inserted through the patient’s mouth
into the patient’s pharynx, while the proximal ends of the tube 110 and of the inflation tube 138 remain outside the patient.
The mask portion is preferably positioned so that the distal end 140 of cuff 134 rests against the patient’s normally closed
esophagus and so that the open end 136 is aligned with the entryway of the patient’s trachea (i.e., the patient’s glottic
opening). After the mask portion is so positioned, the cuff is inflated thereby forming a seal around the patient’s glottic
opening and this establishes a sealed airway extending from the proximal end 112 of the tube 110 to the patient’s trachea.
[0006] For convenience of exposition, the term "fully inserted configuration" shall be used herein to refer to an LMA
that has been inserted into a patient and has the following characteristics: (1) the mask portion is disposed around the
patient’s glottic opening; (2) the cuff is inflated forming a seal around the patient’s glottic opening; (3) the distal tip of the
cuff is disposed adjacent the esophageal sphincter; (4) the proximal end of the tube 110 is disposed outside of the patient
so that the LMA defines a sealed airway extending from outside the patient’s mouth to the patient’s lungs (the airway
extending from the proximal end 112 of tube 110 to the opening 136 of the mask portion); and (5) the proximal end of
the inflation tube remains outside the patient’s mouth. Figure 2 shows an LMA in the fully inserted configuration.
[0007] The following steps are normally performed when using an LMA to establish an airway in a patient for use
during a surgical procedure. Initially, the patient is anesthetized to a depth that is sufficiently deep for permitting LMA
insertion. This process is called induction of anesthesia and is normally accomplished by giving the patient an intravenous
injection. The depth of anesthesia required for LMA insertion is less than the depth required for insertion of an endotracheal
tube (since the endotracheal tube must pass through the vocal cords, whereas an LMA does not). An LMA is then
inserted into the patient and once inserted the anesthesiologist preferably confirms that the LMA has been properly
positioned in the fully inserted configuration (e.g., the anesthesiologist preferably confirms that the inflated cuff has
formed a seal around the patient’s glottic opening). Such checking can be performed by (1) noting whether the patient’s
chest rises when the anesthesia gas reservoir bag is squeezed and (2) checking for the presence of carbon dioxide in
the expired gas and measuring the oxygen saturation. After proper placement of the LMA has been confirmed, the
proximal end 112 of the tube 110 may be coupled to a ventilation machine that applies intermittent positive pressure
ventilation (IPPV) to the patient and ventilates the patient with a mix of gasses including (1) oxygen; (2) nitrous oxide;
and (3) an anesthetic agent. Alternatively, the type of surgery being performed may permit the patient to breathe spon-
taneously via the LMA during the procedure. After conclusion of the surgical procedure, the LMA is normally removed
shortly after the patient becomes responsive to verbal stimulus and can open their mouth when requested to do so.
[0008] In addition to establishing and monitoring the patient’s airway, another important function performed by an-
esthesiologists relates to determining the amount of anesthetic drugs to be administered to the patient during a surgical
procedure. Briefly, three competing goals for administration of anesthetic drugs during surgical procedures are (1) to
induce a level of anesthesia that is "sufficiently deep" so that the patient experiences no pain and remains completely
unaware during the surgical procedure; (2) to avoid over-medicating the patient; and (3) to optimize the recovery time.
The term "depth of anesthesia" is difficult to define, since it relates to a sleep-like state which is not yet understood in
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physiological terms. Anesthesiologists nonetheless appreciate when anesthesia is sufficiently deep to meet the needs
of preventing reflex response to a surgical incision, since when the level of anesthesia is less than this somewhat elusive
threshold the patient will visibly move. Obviously it is undesirable to induce a level of anesthesia that is equal to or less
than this threshold and experienced anesthesiologists learn how to keep the majority of their patients sufficiently deeply
anesthetized to prevent (1) interference with the course of the procedure due to patient movement and (2) suffering due
to the patient regaining consciousness sufficiently to experience pain.
[0009] Anesthesia may be General or Local, the former term meaning that unconsciousness is induced, while in the
latter a lack of sensation is produced pharmacologically in a specific area of the body. Often, a combination of the two
techniques is used, so as to reduce the total amount of general anesthesia required to maintain unconsciousness. This
is especially desirable in patients whose condition might be made worse by side-effects of the general anesthetic agents
used, for example patients with severe cardiac or pulmonary disease. Often, patients are paralyzed as well as anesthe-
tized. This prevents movement and again reduces the amount of general anesthesia required.
[0010] Unfortunately, it is difficult to precisely tailor the drug requirements to maintain a desired level of anesthesia
because (1) patients’ responses to drugs vary and (2) there is no precise way of measuring anesthetic depth. Hence,
patients sometimes recover sufficient consciousness during surgical procedures to experience pain. For example, when
seriously ill patients are given minimal amounts of anesthetic drugs to prevent worsening of their underlying condition,
and are also paralyzed, it is very difficult to determine their level of awareness.
[0011] One way to prevent patients from recalling awareness after a surgical procedure is to administer drugs which
suppress short-term memory. Such drugs are highly effective, but when they are given after an episode of awareness
has occurred, the actual time during which the patient is aware may cause enormous distress and this is not only
undesirable on humanitarian grounds, but may potentially worsen the state of a seriously ill patient.
[0012] The practice of anesthesiology is thus a balancing act, in which too much or too little anesthesia may lead to
serious or fatal outcomes, quite apart from the risks inherent in the surgical procedure itself. A method of judging
anesthetic depth with a degree of precision is therefore highly desirable and it is not surprising that a number of different
approaches have been made attempting to solve the problem.
[0013] One method relies on observing changes in the patient’s cerebral activity as seen on the electro-encephalogram
(EEG) while applying auditory stimuli. A more recent method attempts to generate a simple numeric score indicative of
the depth of anesthesia by analyzing the patient’s complex EEG waveforms. Yet another method detects facial muscle
activity and attempts to relate this to pain sensation. Attempts have also been made to relate the activity of the esophageal
muscles to depth of anesthesia, but no clear relationship has been found and this method has been abandoned. Some
or all of these methods may be combined with information from changes in blood pressure, pulse rate and respiratory
rate or depth. An indicator known as the Bispectral Index, or "BIS", which gives a single number relating to awareness
based on EEG analysis, is currently the most popular automatically generated indicator of anesthetic depth.
[0014] While these prior art methods may be useful, it would be advantageous to develop other methods and apparatus
for estimating a patient’s level of anesthesia and in particular for doing so during surgical procedures in which an LMA
is used to establish or clear a patient’s airway. An example of prior art device is given in WO99/33508 A1. as defined
by the claims.

SUMMARY OF THE INVENTION

[0015] The larynx and pharynx form part of the upper airway through which gases are drawn in and out of the lungs.
The human larynx, which houses the vocal cords, is situated in the neck where it forms an opening in the front wall of
the pharynx. The pharynx defines a generally flattened conical tube whose walls are formed from three sets of diagonally-
running muscles known as the pharyngeal constrictor muscles. These muscles are attached to the larynx and together
with other laryngeal muscles act in a complex concerted way to bring about the swallowing and vomiting reflexes.
[0016] The pharyngeal tube is equipped with sensory nerves which respond to mechanical and chemical stimuli. When
food or an object such as a cuffed oropharyngeal airway (e.g., an LMA) is present in the pharynx, swallowing or retching
may be provoked depending on the nature, strength, chemical composition, direction, and location of the stimulus.
Sensory innervation to the larynx, by contrast, is designed to ensure that nothing injurious gets past the vocal cords into
the trachea or wind-pipe. Such reflex responses may be wholly or partly suppressed by local or general anesthesia.
[0017] In addition to local reflex response, both the pharynx and the larynx also respond to signals from the brain. The
larynx, apart from its protective functions, is an organ of communication. When pain is registered in the brain, reflex
laryngeal activity occurs, permitting humans to signal their distress. If pain is experienced while under the influence of
anesthesia, due to an inadequate level of anesthesia being provided, these reflex responses still occur, but may be
blunted or uncoordinated. For example, laryngeal spasm leading to complete closure of the vocal cords may occur
instead of vocalization, if the patient is inadequately anesthetized in the presence of a strong painful stimulus. The
pharyngeal constrictor muscles are also involved in this reflex response and it has been discovered that their tone
increases in proportion to the level of the stimulus. Such changes in tone begin to occur well before the dangerous
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condition of laryngeal spasm develops and well before consciousness returns. Where, in the following, the word invention
is used and/or features are presented as optional, this should be interpreted in such a way that only protection is sought
for the invention as claimed. Therefore, if these changes in tone can be detected at an early stage, the anesthesiologist
has time to remedy the situation (by deepening anesthesia), thus avoiding the onset of laryngeal spasm. The present
invention takes advantage of these phenomena and uses the changes in tone of the pharyngeal constrictor muscles as
an indicator of anesthetic depth.
[0018] One preferred sensor for measuring the tone of the pharyngeal constrictor muscles is the inflated LMA. When
an LMA is located in the fully inserted configuration and inflated appropriately, the resulting intra-cuff pressure, or "cuff
pressure" (i.e., the pressure inside the inflated cuff) is a function of the tone or tension of the pharyngeal constrictor
muscles. This is because these muscles confine the LMA cuff, or define a large proportion of the space in which the
inflated cuff resides. Thus, the intra-cuff pressure registered when the cuff is inflated in the confined space of the throat
is largely determined by the resistance offered by the muscular walls of the pharynx as they are stretched by the expanding
cuff. It can be shown, for example, that a volume of air injected into an LMA cuff sufficient to generate an intra-cuff
pressure of 60 cm H2O when the LMA is in the fully inserted configuration, generates no significant intra-cuff pressure
when the LMA is removed from a patient. This indicates that the volume of air in the cuff which generates an intra-cuff
pressure of 60 cm H2O when the cuff is in the patient’s throat is less than the volume necessary to stretch the walls of
the cuff itself. Accordingly, if the volume of air injected into the cuff is less than the capacity of the cuff itself, the increase
in cuff pressure associated with locating the LMA inside a patient is caused by the pharyngeal constrictor muscles
resisting expansion of the cuff. However, if additional volume of air is injected into the cuff so that the cuffs elastic walls
are stretched, the intra-cuff pressure will now have a further component due to the elastic energy of the cuff walls
themselves, thereby reducing the sensitivity of the cuff as a sensor of pharyngeal muscle tone. Provided that the LMA
remains in the fully inserted and appropriately inflated configuration (i.e., inflated to an amount that does not stretch the
walls of the cuff and yet forces the cuff walls against the pharyngeal constrictor muscles and enables the cuff to form a
seal around the glottic opening), the cuff pressure will vary as a function of the tone of, or degree of resistance offered
by, the pharyngeal constrictor muscles.
[0019] This tone in turn is related to the reflex feedback coming from the brain as well as local reflex feedback from
the sensory information coming from the pharyngeal walls. Both sets of feedback loops may be damped down, or
extinguished entirely, depending on the level of anesthesia present. During a surgical operation in which an LMA is used
as the airway device, if surgical stimulus starts to become too great for the level of anesthesia, the brain-stem begins
to send distress signals to the pharynx and larynx which respond with an increase in tone, the pharyngeal component
of which can be detected simply by observing corresponding increases in the intra-cuff pressure of the LMA. This change
in tone, which can be detected by monitoring changes in cuff pressure, generally precedes conscious perception of pain.
The present invention detects, analyzes, and displays detected changes in tone of the pharyngeal constrictor muscles
in real time in order to warn the anesthesiologist in a timely fashion of the need to deepen anesthesia.
[0020] Another influence on cuff pressure is the fluctuating pressure in the anatomical airways caused by the generation
of gas flow within them as the patient breathes or is caused to breathe artificially. Thus, when an LMA is placed in the
fully inserted configuration, the cuff pressure varies in a predictable fashion in accordance with the patient’s breathing.
For example, during IPPV, when the ventilation machine applies pressure to the airway tube of the LMA (to force the
patient to inhale), the cuff pressure will rise. Also, when the ventilation machine stops forcing air into the airway tube of
the LMA, the cuff pressure will fall. Fluctuations in cuff pressure also occur when the patient is breathing spontaneously.
However, when the patient experiences pain or stress, these deviations in cuff pressure become larger than those
associated with normal breathing because the size of patient’s airway decreases in response to stimuli. The present
invention also monitors those pressure fluctuations and generates an alarm when the fluctuations become larger than
is considered normal in the adequately anesthetized patient.
[0021] Thus the invention is capable of detecting fluctuations in anesthesia depth by two mechanisms:

(1) by sensing changes in the tone of the constrictor muscles of the throat - a DIRECT effect, since these muscles
can be said to squeeze or grip the sensor itself (the sensor being preferably a laryngeal mask) and
(2) by sensing changes in the resistance of the airways distal to the sensor (i.e., the larynx, trachea and smaller
airway tubes branching from it) - an INDIRECT effect, since the pressure fluctuations so produced are caused by
changes in the resistance to inspired and expired gas flow secondary to changes in the diameter of these airway
passages. This secondary mechanism occurs because part of the sensor (when it is a laryngeal mask) is in contact
with the gas mixture being delivered to and from the lungs and is therefore influenced by the fluctuating pressure
of this gas mixture. However, changes in airway pressure are amenable to direct measurement by other known
methods so that these INDIRECT effects can be distinguished from the DIRECT effects mentioned in (1) above.

[0022] A third factor may further influence this fluctuating pressure: as the chest rises and falls with respiration, small
fluctuations occur in the anatomical relations around the mask, which is caused to dip slightly in and out of the thoracic
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cavity, so that its distal part is subjected to intermittent changes in local pressure.
[0023] However, the changes described under (2) above cannot be regarded as reliable, since patients vary consid-
erably in the extent to which their airway muscles react to stimuli (the most extreme examples being those with severe
asthma); while the third effect described above may vary considerably according to the patient’s body shape, in particular
according to where the larynx lies in relation to the thoracic cavity. Thus, while the effects listed under (2) may contribute
to the utility of the invention, they should be regarded as secondary mechanisms whose interpretation will require a
degree of clinical judgement.
[0024] One aspect of the present invention includes monitoring cuff pressure and activating an alarm whenever the
cuff pressure exceeds an upper or a lower threshold. This alarm is known as a peak alarm. This aspect also includes
methods of automatically adjusting the thresholds.
[0025] Another aspect of the present invention includes monitoring cuff pressure over a period of time and activating
an alarm if the activity of the cuff pressure (or the deviation of cuff pressure from a mean or other value) exceeds a
threshold. This alarm is known as a tate alarm. This aspect also includes methods of automatically adjusting the threshold.
[0026] Since an LMA is often used for establishing an airway in the patient, it is extremely convenient to also use the
LMA as a sensor for monitoring the tone of the pharyngeal constrictor muscles (and thereby the level of anesthesia).
However, it will be appreciated that other devices may be used according to the invention for monitoring the tone of the
pharyngeal constrictor muscles (and thereby the level of anesthesia). For example, an endotracheal tube may be modified
to include a second cuff for monitoring this tone. Endotracheal tubes generally include a cuff or balloon located at their
distal end for forming a seal with the inner walls of the trachea. Endotracheal tubes may be modified according to the
invention to include a pharyngeal cuff (i.e., a cuff spaced apart from the cuff located at the tube’s distal end) so that the
pharyngeal cuff resides in the pharynx when the distal end of the tube is positioned beyond the vocal cords in the trachea.
Hence, the tone of the pharyngeal constrictor muscles may be measured (and the patient’s level of anesthesia may
thereby be estimated) by monitoring the pressure in such an endotracheal tube’s pharyngeal cuff. As another example,
instead of an LMA, another form of cuffed supraglottic airway device may be used to both (1) ventilate the patient and
(2) monitor the tone of the patient’s pharyngeal constrictor muscles. In general, any device that includes an inflatable
cuff or balloon located in the pharynx or hypopharynx may be used according to the invention to measure the tone of
the pharyngeal constrictor muscles and thereby to estimate the patient’s level of anesthesia.
[0027] Still other objects and advantages of the present invention will become readily apparent to those skilled in the
art from the following detailed description wherein several embodiments are shown and described, simply by way of
illustration of the best mode of the invention. As will be realized, the invention is capable of other and different embod-
iments, and its several details are capable of modifications in various respects, all without departing from the invention.
Accordingly, the drawings and description are to be regarded as illustrative in nature, and not in a restrictive or limiting
sense, with the scope of the application being indicated in the claims.

BRIEF DESCRIPTION OF THE FIGURES

[0028] For a fuller understanding of the nature and objects of the present invention, reference should be made to the
following detailed description taken in connection with the accompanying drawings in which the same reference numerals
are used to indicate the same or similar parts wherein:

Figure 1 shows a perspective view of a prior art LMA.
Figure 2 shows a prior art LMA that has been inserted into a patient.
Figure 3A shows a block diagram of an apparatus constructed according to the invention.
Figure 3B shows a diagram of the pneumatic circuit of the apparatus shown in Figure 3A.
Figure 4A shows an idealized graph of cuff pressure versus time for a patient receiving IPPV.
Figure 4B shows a idealized graph of cuff pressure versus time for a patient that is receiving IPPV and is subliminally
experiencing undue stress or pain.
Figures 5A and 5B show graphs that illustrate calculations that may be performed for determining whether to activate
a rate alarm.
Figures 6A, 6B, and 7 also show graphs that illustrate calculations that may be performed for determining whether
to activate a rate alarm.
Figures 8A and 8B show bar graph displays of patient activity.
Figures 9A and 9B show graphs of cuff pressure taken during a surgical procedure in which an LMA was inserted
in the patient.
Figures 10A and 10B show graphs of cuff pressure taken during a surgical procedure in which an LMA was inserted
in the patient.
Figure 10C shows a graph of patient activity during the same procedure associated with Figures 10A and 10B.
Figures 11A, 11B, and 11D show graphs of cuff pressure taken during a surgical procedure in which an LMA was
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inserted in the patient.
Figure 11C shows a graph of patient activity during the same procedure associated with Figures 11A, 11B, and 11D.
Figure 12A shows a diagram of the CPU board of the apparatus shown in Figure 3A.
Figure 12B shows a diagram of a preferred embodiment of the pneumatic circuit shown in Figure 3B.
Figure 12C shows a diagram of the apparatus shown in Figure 3A showing the connection between the servo
cylinder and the pneumatic circuit.
Figure 13 shows a curve of motor steps versus delta pressure used by the apparatus shown in Figure 3A for regulating
cuff pressure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0029] Figure 3A shows a high level block diagram of an apparatus 200 constructed in accordance with the invention.
As discussed above, the LMA is a preferred instrument for monitoring the tone of a patient’s pharyngeal constrictor
muscles, and apparatus 200 will be discussed principally in connection with the LMA. However, it will be appreciated
that apparatus 200 may also be used with other cuff or balloon devices located in the pharynx or hypopharynx.
[0030] Apparatus 200 may be used in accordance with the invention for (1) selectively regulating the cuff pressure of
an LMA during a surgical procedure; (2) monitoring the cuff pressure of the LMA; (3) analyzing the cuff pressure of the
LMA to estimate the anesthetic state of a patient; and (4) generating one or more alarms when the estimated anesthetic
state is insufficient for the surgical procedure being performed. As shown, apparatus 200 includes a central processing
unit (CPU) board 210, a servo cylinder 240, a pneumatic circuit 260, a key board 280, and a power supply 282. Keyboard
280 may be used for controlling the apparatus 200. Two RS232 interfaces 284, 286 are also provided for input and
output of data to and from the CPU board 210.
[0031] Figure 3B shows a diagram of a the pneumatic circuit 260 and a portion of the servo cylinder 240. As shown,
pneumatic circuit 260 includes a first pressure sensor 261, a second pressure sensor 262, a third pressure sensor 263,
a first valve 264, a second valve 265, a first pneumatic channel 266, and a second pneumatic channel 268. As is also
shown, servo cylinder 240 includes a pneumatic cylinder 242. The following components are all pneumatically coupled
together via the first pneumatic channel 266: the first and second pressure sensors 261, 262, one end 264A of valve
264, one end 265A of valve 265, and an output of the pneumatic cylinder 242. The other end 264B of valve 264 and the
third pressure sensor 263 are pneumatically coupled to the second pneumatic channel 268. The second pneumatic
channel 268 also defines an open end 268-O that may be connected to an inflation line of an LMA (e.g., such as inflation
line 238 as shown in Figures 1 and 2). Finally, the other end 265B of valve 265 is connected to the open air (or the
atmosphere).
[0032] When valve 264 is closed, pneumatic channel 266 is isolated from pneumatic channel 268. Conversely, when
valve 264 is open, pneumatic channel 266 is connected to pneumatic channel 268. When valve 265 is closed, pneumatic
channel 266 is isolated from the atmosphere. Conversely, when valve 265 is open, pneumatic channel 266 is coupled
to the atmosphere. As will be discussed below, valve 265 provides a mechanism for selectively introducing gas from
the atmosphere into pneumatic channel 266 and to pneumatic cylinder 242 or for expelling gas from pneumatic cylinder
242 and pneumatic channel 266 into the atmosphere. The CPU board 210 controls the operation (i.e., selectively opens
and closes) the valves 264 and 265. CPU board 210 also monitors the outputs of the three pressure sensors 261, 262,
263 (and thereby monitors the pressure in pneumatic channels 266 and 268).
[0033] Although not shown in Figure 3B, in addition to pneumatic cylinder 242, the servo cylinder 240 also includes
a motor for driving the pneumatic cylinder 242 to either pump air into, or out of, pneumatic channel 266. CPU board 210
selectively drives the motor of servo cylinder 240 for either pumping air into or out of pneumatic channel 266.
[0034] In normal operation, when apparatus 200 is initially powered up, and when the open end 268-O of pneumatic
channel 268 is initially connected to an inflation line of an LMA, the CPU board 210 will actuate the servo cylinder 240
and the pneumatic circuit 260 so as to pump air into or out of the cuff of the LMA until the cuff pressure reaches a desired
value, or "set point". In preferred embodiments, the value of the set point is entered into the CPU board via the commu-
nication interfaces 284 or 286; however, a value of the set point may be chosen in other ways (e.g., it may be entered
via key board 280). A commonly preferred value for the set point is 60 cmH2O (in general the set point is preferably
selected so that the amount of air introduced into the cuff does not cause stretching of the cuff walls and so that the
inflated cuff forms a seal with the glottic opening). In most situations, the cuff pressure will be near the set point when
the inflation line is initially connected to apparatus 200 because anesthesiologists generally prefer placing the cuff in the
fully inserted configuration before connecting the LMA’s inflation line to apparatus 200 (i.e., via end 268-O of channel
268). However, apparatus 200 may also be used to provide the initial inflation of the cuff.
[0035] The CPU board may move air into the cuff of the LMA (thereby increasing the cuff pressure) by (1) closing
valve 265; (2) opening valve 264; and (3) actuating the servo cylinder 240 so as to move air from the pneumatic cylinder
242 into the pneumatic channel 266. Similarly, the CPU board may move air out of the cuff (thereby decreasing cuff
pressure) by (1) closing valve 265; (2) opening valve 264; and (3) actuating the servo cylinder 240 so as to move air
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from pneumatic channel 266 into the pneumatic cylinder 242. CPU board 210 preferably insures that the pressure in
channels 266 and 268 are equal before opening value 264 (e.g., to prevent sudden loss of cuff pressure upon opening
of valve 264).
[0036] The CPU board may introduce air from the atmosphere into the pneumatic cylinder without affecting cuff
pressure by (1) closing valve 264; (2) opening valve 265; and (3) actuating the servo cylinder 240 so as to move air from
pneumatic channel 266 into pneumatic cylinder 242. Finally, the CPU board may also vent air from pneumatic cylinder
242 into the atmosphere without affecting cuff pressure by (1) closing valve 264; (2) opening valve 265; and (3) actuating
the servo cylinder 240 so as to move air from pneumatic cylinder 242 into pneumatic channel 266.
[0037] In one embodiment, the pneumatic cylinder includes a piston 244. As shown in Figure 3B, moving the piston
244 to the right moves air from the cylinder 242 into channel 266. Conversely, moving the piston 244 to the left moves
air from the channel 266 into the cylinder 242. In this embodiment, the servo cylinder 240 also includes two limit switches
245, 246. Switch 245 detects when piston 244 is in its extreme left position and switch 246 detects when piston 244 is
in its extreme right position. In operation, if CPU board 210 is reducing cuff pressure and detects that piston 244 is at
or near the extreme left position, CPU board 210 preferably closes valve 264, opens valve 265, and actuates the servo
cylinder so as to move piston 244 to a central position thereby venting air from cylinder 242 without affecting cuff pressure.
Thereafter, CPU board 210 may close valve 265, equalize the pressures in channels 266 and 268 (e.g., by moving air
from cylinder 242 into channel 266), open valve 264, and continue withdrawing air from the cuff. Similarly, if CPU board
210 is increasing cuff pressure and detects that piston 244 is in the extreme right position, CPU board 210 preferably
closes valve 264, opens valve 265, and moves the piston 244 to a central position thereby moving air from the atmosphere
into cylinder 242 without affecting cuff pressure. Thereafter, CPU board 210 may close valve 265, equalize the pressures
in channels 266 and 268, open valve 264, and continue moving air into the cuff.
[0038] Once the apparatus 200 has brought the cuff pressure to the set point, the apparatus 200 may provide a
regulating function of maintaining the cuff pressure at the set point. The regulation function of apparatus 200 will be
discussed in greater detail below. In addition to this regulating function, apparatus 200 may also provide a monitoring
function, or estimating function, in which the apparatus 200 uses measurements of cuff pressure to estimate the patient’s
level of anesthesia. Also, as will be discussed in greater detail below, apparatus 200 may perform this estimating function
independently of the regulating function (e.g., apparatus 200 may perform its estimating function without also maintaining
cuff pressure at the set point). Similarly, apparatus 200 may perform its regulating function without simultaneously
performing its estimating function (e.g., apparatus 200 may maintain cuff pressure at the set point without simultaneously
estimating the patient’s depth of anesthesia).
[0039] The estimating function performed by apparatus 200 will now be discussed. Figure 4A shows an idealized
graph of cuff pressure of an LMA versus time under the following conditions: (1) the LMA has been positioned in the
fully inserted configuration within a patient; (2) apparatus 200 has brought the cuff pressure to the set point S; (3) the
patient has been generally anesthetized; and (4) IPPV is being applied to the airway tube of the LMA. (Figure 4A is also
generally representative of cuff pressure changes in an LMA versus time during spontaneous breathing.)
[0040] As illustrated in Figure 4A, IPPV tends to cause the cuff pressure to oscillate around the set point S. In Figure
4A, positive pressure is being applied from a ventilation machine to the airway tube of the LMA (e.g., the proximal end
of tube 110 as shown in Figures 1 and 2) from time t1 to time t2 and from time t3 to time t4, and this positive pressure
forces the patient to inhale during these periods. The ventilation machine does not apply positive pressure during the
interval from time t2 to t3 and thereby allows the patient to exhale during this period. Ventilation machines typically deliver
either a set volume of gas or a volume of gas determined by a set peak pressure to the patient during each inhalation
cycle. Figure 4A shows the cuff pressure for a period of time during which the IPPV forces the patient to take about
seven breaths. Physicians generally adjust the parameters of IPPV so as to cause adult patients to inhale and exhale
about ten to fourteen times per minute. Accordingly, Figure 4A shows cuff pressure for about half of a minute.
[0041] As discussed above, when human beings encounter stress or pain, one natural reaction that occurs is an
increase in activity or tone of the pharyngeal constrictor muscles. Since cuff pressure varies according to a function of
tone of these muscles, an analysis of cuff pressure changes provides an indication of subliminal pain experience which
precedes actual awareness. Figure 4B shows an idealized graph of cuff pressure versus time for the same conditions
as described above for Figure 4A. However, the cuff pressure shown in Figure 4B is for a patient that is beginning to
react to the surgical stimulus at about time t1. As shown, beginning at about time t1, the cuff pressure begins to deviate
increasingly from the set point S. In general, the estimating function of apparatus 200 is performed by analyzing the cuff
pressure of the LMA and by generating alarms when the deviations of the cuff pressure become larger than is considered
normal.
[0042] Apparatus 200 preferably generates two different types of alarms: a "peak alarm" and a "rate alarm". Each
alarm is generated in response to a different type of detected condition. The peak alarm will now be discussed. As shown
in Figure 4B, an upper threshold TU and a lower threshold TL may be defined. Apparatus 200 preferably activates the
peak alarm (e.g., by emitting an audible tone) whenever the cuff pressure becomes larger than the upper threshold TU
or smaller than the lower threshold TL. Activation of the peak alarm indicates that the patient’s level of anesthesia may
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be too shallow, or that the patient is about to regain consciousness. The anesthesiologist may decide to increase the
amount of anesthetic drugs being administered to the patient in response to the alarm.
[0043] The upper and lower thresholds TU and TL may be set in a variety of different ways. One simple way is for the
upper and lower thresholds to be constant values that are manually entered into apparatus 200 (e.g., via the one of the
communication interfaces 284, 286 or via key board 280). However, one problem with using constant values for the
thresholds is that the patient’s level of activity tends to change during surgical procedures so that, for example, threshold
values suitable for the beginning of a procedure may not be suitable for use during the middle of the procedure. Accord-
ingly, apparatus 200 preferably automatically computes new values for the thresholds based on the measurements of
cuff pressure.
[0044] In one mode of operation, apparatus 200 not only computes new values for the thresholds but also uses the
computed values to update the threshold values. That is, in this mode, apparatus 200 automatically updates the values
of the thresholds used for the peak alarm over time based on measurements of cuff pressure. In another mode, apparatus
200 never automatically changes the values of the thresholds but instead displays the computed values. The display of
the computed threshold value constitutes a recommendation by apparatus 200 to the anesthesiologist that the threshold
levels could or should be changed. The anesthesiologist may of course accept, refuse, or ignore the recommendation.
The anesthesiologist may indicate acceptance of the recommendation by for example depressing a button on the key
board. When the recommendation is accepted, apparatus 200 replaces the current values of the peak thresholds with
the computed values. The anesthesiologist may also of course manually enter new threshold values at any time.
[0045] One preferred method of computing new peak threshold values will now be discussed. Apparatus 200 preferably
executes a "peak finding" algorithm for identifying upper and lower peak values (or extreme values) of the cuff pressure.
In Figure 4A, all the upper peaks of the cuff pressure curve are labeled as PU and all the lower peaks are labeled as
PL. Apparatus 200 preferably computes new threshold values based on the detected peak values. The values of the
upper peaks PU and lower peaks PL are preferably referenced to a mean or average value of cuff pressure. So, for
example, if the mean value of cuff pressure is 60 cm H2O, and the raw or absolute value of a particular upper peak is
65 cm H2O, the upper peak is said to have a value of 5 cm H2O. Similarly, if the raw value of a particular lower peak is
58 cm H2O, the lower peak is said to have a value of minus 2 cm H2O. In the equations described below, the values of
the upper and lower peaks will be assumed to be values that have been referenced to a mean value (as just described)
as opposed to raw values.
[0046] Equation 1A below shows a preferred method for computing new values of the upper peak threshold TU.

Equation 2A shows a similar method for computing new values of the lower peak threshold TL. In Equations 1A and 2A

(and 1B and 2B further below), TUnew represents the new proposed value of the upper threshold TU, TUold represents

the current value of the upper threshold TU, TLnew represents the new proposed value of the lower threshold TL, TLold

represents the current value of the lower threshold TL, PU represents an average (or mean value) of several of the upper

peak values, PL represents the average value of several of the lower peak values, and δ(x) represents a function that
will be discussed below. Note that in Equations 1A and 2A, the threshold values TUnew and TLnew are also values that

are referenced to a mean value of cuff pressure. For example, a value of TUnew equal to seven cm H2O, translates to

a raw value of 67 cm H2O if the mean value of cuff pressure equals 60 cm H2O. 

[0047] One preferred value to use for PU (and PL) is the average of the previous eight upper peak values PU (and
the average value of the previous eight lower peak values PL), although it will be appreciated that using eight values is
a matter of convenience and other numbers of peaks could be averaged to generate PU (and PL). As discussed above,
the new values of the thresholds TUnew and TLnew are preferably displayed to the anesthesiologist as recommendations

for updating the values of the peak thresholds.
[0048] It may be advantageous for apparatus 200 to use algorithms for insuring that the detected peak values used
according to Equations 1A and 2A are "true peaks" and are not artifacts. One such algorithm is to use the previously
detected eight peaks as long as those peaks were detected within a time period that is less than or equal to two minutes.
This algorithm tends to insure that the detected peaks are generated as a result of actual breathing cycles as opposed
to artifacts. For example, if the algorithm detects eight upper peaks within a thirty second period, then those eight peaks
are averaged and used according to Equation 1A to compute the upper threshold value. As another example, if the
algorithm detects eight lower peaks in ninety seconds, then those eight peaks are averaged and used according to
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Equation 2A to compute the lower threshold value. However, if the peak detection algorithm doesn’t detect eight adjacent
peaks in less than two minutes (e.g. only six peaks are detected within two minutes), then all those peaks are discarded
and the peak detection algorithm is restarted to look for peaks in the current data.
[0049] It will be appreciated that the upper and lower thresholds TU and TL are calculated with reference to a mean
value of cuff pressure (e.g., an upper threshold value of 5 cm H2O translates to a raw value of 65 cm H2O if the mean
value of cuff pressure equals 60 cm H2O). One value that may be used for the mean value is the mean value of the cuff
pressure during the time interval in which the eight adjacent peaks used to compute the threshold are located. Other
methods of calculating or estimating the mean value of cuff pressure may be used as well.
[0050] Another useful algorithm for insuring that the detected upper peak values are true peaks is to not count any
data point as a peak unless it is greater than 0.1 cmH2O. Yet another algorithm for insuring that detected upper peak
values are true peaks is to only count a data point as a peak value if it is the maximal value between two zero crossings
(or the maximal value between two points in time where the cuff pressure was less than the mean value). Similar
algorithms may of course be used for lower peaks. It will be appreciated that other algorithms may be used for insuring
that peaks used to update the thresholds are true peaks and are not artifacts.
[0051] New computed values for the upper and lower thresholds TU and TL are preferably displayed on a relatively
slow time scale (e.g., about once every one or two minutes). One way to provide updates on this relatively slow time
scale is to use each peak only once in the calculation of a new threshold. In other words, a set of eight peaks are used
to compute the threshold and then the threshold is not computed again until eight new peaks are detected.
[0052] When apparatus 200 is operating in a mode in which it automatically updates the threshold it may be advan-
tageous to limit the manner in which apparatus 200 can update the threshold. For example, it is preferred to allow
apparatus 200 to update the thresholds so as to make the peak alarm more sensitive (i.e., more likely to be activated)
and to not allow apparatus 200 to update the thresholds so as to make the peak alarm less sensitive. One way to
accomplish this is have apparatus 200 update the thresholds according to Equations 1B and 2B below. 

[0053] Equation 1B will allow the new upper threshold to be less than or equal to the old value of the upper threshold,
but will never let the new upper threshold become greater than the old value of the upper threshold. Similarly, Equation
2B will allow the new lower threshold to be greater than or equal to the old value of the lower threshold, but will never
let the new value of the lower threshold to become less than the old value of the lower threshold. In other words, Equations
1B and 2B allow apparatus 200 to become more sensitive (i.e., increase the likelihood that a peak alarm will be set) and
will not allow apparatus 200 to become less sensitive. When operating in this mode, apparatus 200 may still display the
threshold values computed according to Equations 1A and 2A as recommendations, regardless of whether the new
values will make the alarm more or less sensitive. However, in this mode apparatus 200 will only automatically adjust
the thresholds if the adjustment makes the alarm more senstive.
[0054] At the beginning of a procedure before the patient is fully anesthetized, the variations in cuff pressure tend to
be quite large. At this time, the personnel attending the patient are generally fully aware that the patient is not fully
anesthetized. Accordingly, at this time there is no need for sounding the peak alarm. To avoid activating the peak alarm,
the threshold values may be set to artificially large numbers. However, once the thresholds have been so set, apparatus
200 preferably begins to automatically update the thresholds using Equations 1B and 2B as described above. As the
patient’s anesthetic state becomes deeper and deeper, apparatus 200 will adjust the threshold values according to
Equations 1B and 2B to levels appropriate for the present state of anesthesia. As the patient’s anesthetic state becomes
lighter (or the patient becomes more conscious), the peak alarm is likely to be frequently or constantly triggered. At this
time, if the personnel attending the patient judge that the patient’s anesthetic state is appropriate, they may accept the
new threshold values recommended by apparatus 200 (computed according to Equations 1A and 2A), which will make
the alarm less sensitive, or they may manually adjust the threshold values to levels that will stop the peak alarm from
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being triggered. Thereafter, apparatus 200 will continue to adjust the threshold values according to Equations 1B and 2B.
[0055] Apparatus 200 could of course be operated in a mode in which the apparatus 200 automatically updates the
threshold values according to Equations 1A and 2A regardless of whether the update makes the peak alarm more or
less sensitive. However, it is generally believed that it is too dangerous to allow a machine, such as apparatus 200, to
update the thresholds in a way that makes the alarm less sensitive.
[0056] The function δ(x) referred to above in connection with Equations 1 and 2 will now be described. Equation 3
below shows a preferred method for calculating δ(x).

[0057] δ(x) may be thought of as being a function of the single variable, x, but there are two parameters that affect the
computation of δ(x) , namely, p and max. The parameter p represents a percent value and is preferably a value between
zero and one. The value of p may be fixed by apparatus 200 or alternatively may be manually input by the anesthesiologist.
Preferred values for p are in the rage of 0.2 to 0.3. The value of max is preferably set by the apparatus 200, and one
preferred value for max is 10 cmH2O. Apparatus 200 preferably uses max as a limit on the threshold values. More
specifically, apparatus 200 preferably insures that the absolute values of the upper threshold and the lower threshold
are never greater than max. Apparatus 200 also uses max in the Equation 3 as shown above. In the preferred embodiment,
when calculating κ, apparatus 200 preferably saturates x at the value of max (i.e., the quantity (max-|x|) is never allowed
to be less than zero when computing κ).
[0058] An example of computing a new threshold according to Equation 1 will now be discussed. For this example,
the mean value M is 60 cmH2O, the average of the upper peaks PU is 5 cmH2O (i.e., raw value of 65 cm H2O), the value

of p is 0.2 (representing twenty percent), the old value of the upper threshold is 10 cmH2O, and the value of max is 10

cmH2O. Using these numbers in Equations 1 and 3 to solve for the new upper threshold yields a result of 7.5 cmH2O.

It will be appreciated that increasing the value of the parameter p will increase the separation between the new threshold
and the peak values.
[0059] The rate alarm will now be discussed. The above-discussed peak alarm is an "instantaneous alarm", meaning
that the alarm is activated whenever the instantaneous value, or current value, of the cuff pressure satisfies a condition.
In contrast to the peak alarm, the rate alarm is based on cuff pressure data collected over a period of time. Several
different methods may be used for controlling the rate alarm, but, in general the rate alarm measures the extent to which
the cuff pressure deviates from a mean value over a period of time.
[0060] Figure 5A illustrates one method that may be used by apparatus 200 for controlling the rate alarm. As shown,
apparatus 200 defines a time interval (or time window) 500. Interval 500 is characterized by a length T, which may be,
for example, twelve and a half seconds. The right end 510 of interval 500 is defined by the current, or present, value of
the cuff pressure and the left end 512 of interval 500 is defined by the value of the cuff pressure T seconds prior to the
current value. Initially, apparatus 200 calculates the mean value M of the cuff pressure within the interval 500. The
calculated mean value M is shown in Figure 5A. Apparatus 200 then calculates the area A between the cuff pressure
curve and the mean value M. In Figure 5A, the area A is the sum of the shaded area A1 and the shaded area A2. If the
area A is greater than a threshold, then apparatus 200 activates the rate alarm (e.g., by emitting an audible tone,
preferably a tone that is different than the tone used for the peak alarm). Alternatively, if the area A is less than a threshold,
then apparatus 200 does not activate the rate alarm (or deactivates the rate alarm if the rate alarm was previously
activated).
[0061] Figure 5B illustrates the next set of calculations performed by apparatus 200 related to the rate alarm (i.e., the
calculations performed after those illustrated in Figure 5A). As shown in Figure 5B, the apparatus 200 defines a new
interval 500 that is shifted to the right (i.e., shifted forwards in time) from the interval shown in Figure 5A. Apparatus 200
repeats the calculations for this new interval (i.e., apparatus calculates the mean value of the cuff pressure within the
interval and then computes the area between the cuff pressure curve within the interval and the mean value). Once
again, if the calculated area is greater than the threshold, then apparatus 200 activates the rate alarm and if the cuff
pressure is less than the threshold, then apparatus 200 does not activate the alarm. Apparatus 200 continually advances
the interval to the right (i.e., forwards in time) and recalculates the area A to determine whether to activate the alarm.
[0062] The calculations discussed above in connection with Figures 5A and 5B represent an idealized version of the
calculations performed by apparatus 200. However, it will be appreciated that apparatus 200 is a digital system, and in
preferred embodiments, CPU board 210 performs a digital approximation of the calculations discussed above in con-
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nection with Figures 5A and 5B. More specifically, CPU board 210 preferably regularly samples the pressure sensors
to measure the cuff pressure. For example, in one embodiment, the CPU board 210 samples the pressure sensors every
tenth of a second. The CPU board 210 then defines the time interval 500 so that the right end 510 of the interval intersects
the most recent (or current) sample. The interval 500 then includes the most recent sample and all other samples taken
T seconds prior to the most current sample. CPU board 210 then calculates the mean value M of all samples of cuff
pressure in the interval. Then, to approximate the area between the cuff pressure curve and the mean value M, CPU
board 210 preferably calculates the quantity V(n) according to the following Equation 4. 

where l is the number of samples in the window
[0063] In Equation 4, the "mean" is the average of all the samples of cuff pressure within the interval 500 and the
p(k)’s are samples of the cuff pressure within the interval 500. As shown, CPU board 210 calculates the absolute value
of the difference between each sample of cuff pressure within the interval 500 and the mean and then sums the absolute
values of all the differences. It will be appreciated that this sum of the absolute values of the differences is a digital
approximation to the area between the cuff pressure curve and the mean value M.
[0064] After calculating the value V(n), CPU board 210 then compares the value V(n) to a threshold. If the value V(n)
is greater than the threshold, then CPU board 210 activates the rate alarm. On the other hand, if the value V(n) is less
than the threshold, then the CPU board 210 does not activate the rate alarm (and deactivates the rate alarm if the rate
alarm had been previously activated). Activating the rate alarm indicates that apparatus 200 has estimated that the
patient’s level of anesthesia is too shallow, or that the patient is about to regain consciousness. Also, the value of V(n)
may be considered as a score that represents the patient’s level of anesthesia or level of unconsciousness.
[0065] After the value V(n) has been calculated, and the rate alarm has been activated or deactivated appropriately,
CPU board 210 then calculates the value V(n+1). As shown in Figure 5B, the interval 500 used for calculating V(n+1)
is generated by shifting the interval used for V(n) to the right by one sample. So, the interval 500 used for V(n+1) includes
one new sample 514 that was not included in the interval used for V(n), and the interval 500 used for V(n+1) does not
include one old sample 516 that included in the interval used for V(n). With the exception of this one new sample that
is included and one old sample that is not included, the samples in the interval used for V(n+1) are identical to the
samples in the interval used for V(n),
[0066] CPU board 210 continually calculates the function V every time a new sample of the cuff pressure is taken and
generates the rate alarm based on whether the current value of V is above or below the threshold.
[0067] Another method for controlling the rate alarm will now be discussed. According to this preferred method, CPU
board 210 computes the quantity V(n) by comparing long term and short term measurements of the mean value of cuff
pressure. More specifically, according to this method, CPU board 210 generates the quantity V(n) according to the
following Equation 5. 

[0068] In Equation 5, the quantity Mlt(n) represents a "long term" estimation of the mean value of cuff pressure (e.g.,
the average value of cuff pressure over a fifty second interval) and the quantity Mst(n) represents a "short term" estimation
of the mean value of cuff pressure (e.g., the average value of cuff pressure over a twelve and a half second interval).
The long and short term estimations of the mean Mlt(n) and Mst(n) are preferably both generated using samples of cuff
pressure taken every fifty milliseconds.
[0069] Figure 6A, which shows an idealized graph of cuff pressure versus time, illustrates the calculations performed
according to Equation 5. Figure 6A shows that the long term estimation of the mean value of cuff pressure samples
Mlt(n) is generated by averaging all samples of cuff pressure taken over the fifty second period T1. Figure 6A also shows
that the short term estimation of the mean value of cuff pressure samples Mst(n) is generated by averaging all samples
of cuff pressure taken over the twelve and one half second period T2. The value V(n) is then generated according to
Equation 5 by calculating the absolute value of the difference between the long and short term estimations of the mean.
Figure 6B illustrates the next calculation of the quantity V(n+1). As illustrated, the next value of V(n+1) is generated by
moving the intervals used for computing the long and short term estimations of the mean value of cuff pressure to the
right (or forward in time).
[0070] Figure 6C shows an alternative method that apparatus 200 may use for calculating V(n) according to Equation
5. As shown in Figure 6C, the long term estimation of the mean Mlt(n) is generated by averaging all the samples of cuff
pressure taken during the interval T1 and the short term estimation of the mean Mst(n) is generated by averaging all the



EP 1 301 232 B1

12

5

10

15

20

25

30

35

40

45

50

55

samples of cuff pressure taken during the interval T2. However, in Figure 6C, the interval T2 occurs in the middle of the
interval T1, whereas in Figure 6A, the interval T2 occurs at the end of the interval T1. It will be appreciated that the relative
placement of the intervals shown in Figure 6A can be advantageous because the value V(n) is updated using the most
recently acquired data. However, the relative placement of the intervals shown in Figure 6C can also be advantageous
because the data used for estimating the short term mean Mst(n) is surrounded by data used to estimate the long term
mean Mlt(n).
[0071] Preferred methods of generating the long and short term estimations of the mean will now be discussed in
greater detail. Figure 7 shows a graph of cuff pressure in which the X-axis (or time axis) has been marked with intervals
T1 through T14. Apparatus 200 may generate a mean value MTx for each of the intervals. For example, MT1 is the mean
value of all samples taken during interval T1, MT2 is the mean value of all samples taken during interval T2, and so on.
Apparatus 200 preferably generates both the long and short term estimations of the mean Mlt(n). and Mst(n) by averaging
groups of the MTs. For example, in one preferred embodiment, the long term estimation of the mean Mlt(n) represents
an average value of all cuff pressure samples taken within a fifty second interval. One preferred way of generating the
long term estimation of the mean is to (1) generate a new MT value every five seconds (i.e., generate an MT value
representative of all cuff pressure samples taken within the last five seconds) and (2) average the ten most recently
generated MT values. So, for example, if in Figure 7 each of the intervals T1 through T14 is five seconds long, the long
term estimation of the mean at time t11 would equal the average of all samples of cuff pressure taken between time t1
and t11 and could be generated by averaging MT1 through MT10. Similarly, the long term estimation of the mean at time
t12 would equal the average of all samples of cuff pressure taken between time t2 and t12 and could be generated by
averaging MT2 through MT11.
[0072] In this same preferred embodiment, the short term estimation of the mean Mst(n) represents an average value
of all cuff pressure samples taken within a twelve and a half second interval. One preferred way of generating the short
term estimation of the mean is to (1) generate a new MT value every one and a quarter seconds (i.e., generate an MT
value representative of all cuff pressure samples taken within the last 1.25 seconds) and (2) average the ten most
recently generated MT values. So, for example, if in Figure 6 each of the intervals T1 through T14 is 1.25 seconds long,
the short term estimation of the mean at time t11 would equal the average of all samples of cuff pressure taken between
time t1 and t11 and could be generated by averaging MT1 through MT10. Similarly, the short term estimation of the mean
at time t12 would equal the average of all samples of cuff pressure taken between time t2 and t12 and could be generated
by averaging MT2 through MT11.
[0073] With reference to Figures 6A-6C, it will be appreciated that while preferred values for the intervals T1 and T2
are fifty seconds and twelve and one half seconds, respectively, other values could of course be used. Similarly, with
reference to Figure 7, it will be appreciated that the long term and short term estimations of the mean can be calculated
in other ways.
[0074] As with the method discussed above in connection with Equation 4, when the quantity V(n) is generated
according to Equation 5, apparatus 200 activates the rate alarm when the quantity V(n) is greater than a threshold and
deactivates the rate alarm when the quantity V(n) is less than a threshold. Although the computations of Equations 4
and 5 are different, they each measure a similar quality, namely, whether the activity of the cuff pressure (or deviation
of cuff pressure from a mean) is larger than is considered normal.
[0075] As with the upper and lower thresholds discussed above in connection with the peak alarm, the apparatus 200
preferably computes new values of the threshold used for the rate alarm (or the "rate threshold") based on the cuff
pressure data. Apparatus 200 may display the new recommended values of the rate threshold without actually updating
the rate threshold, or apparatus 200 may actually automatically update the rate threshold. The computation of new
recommended values for the rate threshold is preferably performed regardless of how the quantity V(n) is calculated. If
apparatus 200 is operating in a mode in which apparatus 200 automatically updates the rate threshold, the automatic
adjustments of the rate threshold preferably do not permit the rate alarm to become less sensitive (i.e., they will allow
the threshold to grow smaller but will not allow the threshold to grow larger). The preferred method of computing the
rate threshold is to simply use the upper peak threshold TU as the rate threshold (i.e., computed according to Equations
1A or 1B above). In other embodiments, the rate threshold may be generated according to Equation 1 and still be different
than the upper peak threshold TU. This may be accomplished by using one set of values of p and max (of Equation 3)
for the rate threshold and another set of values for the upper peak threshold. However, preferred values for p and max
for the upper peak, lower peak, and rate threshold are all equal (i.e., in the range of 0.2 to 0.3 for peak and 10 cmH2O
for max).
[0076] As discussed above, apparatus 200 preferably includes a display for showing the new recommended values
of the thresholds. The display of apparatus 200 preferably also shows information related to the alarms. For example,
the display preferably shows a graph of cuff pressure versus time. This graph also preferably shows the current values
of the upper and lower thresholds that are being used for the peak alarm. The graph accordingly, provides a visual
display indicative of when the peak alarm is activated. This graph preferably shows the most recently collected data for
some time interval (e.g., the cuff pressure data for the most recent ten or twenty minutes).
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[0077] The display may also show information related to the rate alarm. For example, the display may indicate how
close the values V(n) are to the rate threshold Trate(n). Figures 8A and 8B show one version of this display. As shown,
the display comprises a bar graph. The vertical scale on the right extends from zero to one hundred percent. The shaded
vertical bar on the right represents the level of a quantity called "patient activity" and is generated according to the
following Equation 6. Patient activity can be thought of as a score representative the patient’s level of anesthesia or level
of unconsciousness. 

[0078] In Figure 8A, the shaded bar indicates the patient activity is about twenty percent of the rate threshold. In this
case, the rate alarm is not likely to be activated any time soon. In Figure 8B, the shaded bar indicates that the patient
activity is about ninety percent of the rate threshold. In this case, only a slight increase in the value of V(n) will result in
activation of the rate alarm.
[0079] The bar graphs shown in Figure 8A and 8B represent instantaneous comparisons of patient activity to the rate
threshold. It may also be advantageous to present a time history of the information presented in the bar graphs shown
in Figures 8A and 8B. In other words, it may be advantageous to provide a graph that shows the patient activity (as
calculated according to Equation 6) for some time interval (e.g., the most recent ten or twenty minutes).
[0080] Figures 9A and 9B show two graphs of data collected and analyzed by apparatus 200 during an actual surgical
procedure. Figure 9A shows a graph of cuff pressure as measured during the entire twenty-one minute procedure. Figure
9B shows the same data as Figure 9A (i.e., cuff pressure measured during the procedure) but has an expanded time
scale to show the data from minute sixteen to minute twenty-one. As shown, from about minute two to about minute
seventeen, the cuff pressure remained largely within the range of 59.5 to 61 (cmH2O). However, at about minute sev-
enteen, the cuff pressure began to vary over a much larger range. Observation of the patient showed that the patient
was beginning to wake up at minute eighteen. The patient also responded to a verbal stimulus at nineteen minutes forty-
seven seconds. However, the patient did not exhibit any visible movement before the end of monitoring at twenty-two
minutes.
[0081] Figures 9A and 9B illustrate the basic principles used by apparatus 200. That is, they show that as the patient’s
level of unconsciousness decreases, the deviations of cuff pressure will increase. It should also be noted that the clearly
observable increase in cuff pressure deviations occurred at a time when the patient did not exhibit any observable
movement. This also confirms that cuff pressure can be used to detect changes in anesthetic state, or level of con-
sciousness, even in the absence of otherwise observable criteria.
[0082] Figures 10A-10C show three graphs of data collected and analyzed by apparatus 200 during another actual
surgical procedure. Figure 10A shows the cuff pressure from the beginning of monitoring to the end of monitoring at
minute fifty-six. Figure 10B shows cuff pressure at an expanded time scale from the beginning of monitoring to minute
ten. Figure 10C shows a graph of the patient activity from the beginning of monitoring to minute ten.
[0083] During this procedure, the amount of Propofol (the most common anesthetic agent) delivered to the patient
was increased at seven minutes and four seconds to put the patient into a deeper anesthetic state. As shown, the cuff
pressure deviations decreased markedly after this increase in the applied Propofol. Consequently, the patient activity,
as shown in Figure 10C, also decreased markedly. These graphs again illustrate the basic principal of the invention.
Namely, that as the patient moves into a deeper anesthetic state, the cuff pressure deviations will decrease (and the
patient activity will also decrease).
[0084] Figures 11A-11D show four graphs of data collected and analyzed by apparatus 200 during another actual
surgical procedure. Figure 11A shows cuff pressure from the beginning of monitoring to the end of monitoring at minute
fifty-one. Figure 11B shows cuff pressure on an expanded time scale from minute nineteen to minute twenty-four. Figure
11C shows a graph of patient activity (as calculated according to Equation 6) from minute nineteen to minute twenty-
four. Figure 11D shows cuff pressure on an expanded time scale from minute thirty-six to the end of monitoring.
[0085] During the first seven minutes of this procedure, the inflation line of the LMA was not properly coupled to
apparatus 200 and the cuff pressure activity accordingly appeared to be very low. The cuff pressure was relatively stable
from minute seven to minute nineteen. The cuff pressure oscillations began to increase at minute twenty and apparatus
200 activated alarms. Additional anesthetic was applied after alarm activation and the cuff pressure oscillations returned
to the normal range.
[0086] Figure 11D shows the cuff pressure during the patient’s recovery period. IPPV was terminated at minute thirty-
seven. The patient received assisted breathing (i.e., bag ventilation) from minute thirty-seven to minute forty-three, and
the patient breathed spontaneously thereafter. Increased cuff pressure oscillations at minute 50 was due to swallowing
attempts.
[0087] Figure 11D shows patient recovery. IPPV was terminated at minute 37. The patient received breathing assist-
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ance until minute 43 via manual bag ventilation. The patient breathed spontaneously from minute 43 onwards. Increased
activity at minute 50 was due to the patient attempting to swallow.
[0088] Figures 12A, 12B, and 12C show additional details of apparatus 200. More specifically, Figure 12A shows a
block diagram of CPU board 210 (shown also in Figure 3A). Figure 12B shows a preferred embodiment of pneumatic
circuit 260 (shown also in Figure 3A). Figure 12C shows a diagram of several components of apparatus 200.
[0089] Referring initially to Figure 12A, the CPU board 210 includes a microprocessor chip 212, a motor driver chip
214, and an analog-to-digital (A/D) converter chip 216. The analog outputs of the three pressure sensors 261, 262, 263
shown in Figure 3B are all applied to A/D converter chip 216. In the preferred embodiment, a fourth pressure sensor
270 is also included in apparatus 200 and its analog output is also applied to A/D converter chip 216. This fourth pressure
sensor 270 preferably measures the pressure in the airway tube of an LMA (e.g., airway tube 110 as shown in Figure
1). A/D converter chip 216 periodically converts the analog outputs of each of the four pressure sensors 261, 262, 263,
270 to digital values and applies those digital values to an input of microprocessor chip 212. This permits microprocessor
chip 212 to monitor the pressure sensed by each of the four pressure sensors 261, 262, 263, 270. The A/D converter
chip 216 may be implemented, for example, using an eight channel, twelve bit analog-to-digital converter. Such devices
may be purchased from Analog Devices of Massachusetts (e.g., part number AD7858).
[0090] The outputs of key board 280 and limit switches 245, 246 are applied to other inputs of microprocessor chip
212. An output of microprocessor chip 212 is applied to the motor driver chip 214, and the motor driver chip 214 generates
signals for driving the motor of servo cylinder 240. In one preferred embodiment, the motor of servo cylinder 240 is
implemented using a stepper motor and the motor driver chip 214 may be implemented using a TA8435H which is
commercially available from Toshiba of Japan.
[0091] Communication interfaces 284, 286 are also coupled to microprocessor chip 212. Some memory is also included
on the CPU board 210 for program and data storage. In one embodiment, CPU board 210 includes a 48 kilobyte flash
EPROM chip 218, a 1 kilobyte RAM chip 220, and a 1.2 kilobyte electrically erasable PROM chip 222, and memories
218, 220, 222 are coupled to microprocessor chip 212. The microprocessor chip may be implemented for example using
an H83334, single chip microprocessor, which is commercially available from Hitachi.
[0092] Figure 12B shows a preferred embodiment of the pneumatic circuit 260. In this embodiment, the four sensors
261, 262, 263, 270 and the two valves 264, 265 are mounted to a solid rectangular block 272. Block 272 provides a
convenient material for (1) defining the pneumatic channels 266, 268; (2) coupling the pressure sensors and valves to
the pneumatic channels; and (3) preventing leaks. Block 272 preferably includes two equally sized solid rectangular
pieces of plexiglass, and block 272 is formed by gluing or bonding the pieces together. More specifically, all solid
rectangular shapes define six faces, and block 272 is formed by bonding an inner face of one of the pieces to an inner
face of the other piece. Preferably, the inner face of one of the pieces is planar, whereas channels or trenches are cut
into the inner face of the other piece to define the pneumatic channels 266, 268. Screws may be used to hold the pieces
together, but preferably a bonding agent (e.g., an epoxy) that melts some of the plexiglass is used so as to pneumatically
seal the two pieces together.
[0093] The valves 264, 265 are preferably normally closed valves (i.e., valves that close in the absence of an actuating
signal forcing the valves to open). The valves may be implemented using 24 VDC (volts direct current) valves which are
commercially available from Pneutronic by Parker of USA.. Such valves are commonly used in medical devices.
[0094] The pressure sensors 261, 262, 263, 270 may be implemented using piezoelectric sensors that have an op-
erating range extending from zero to five pounds per square inch. Such sensors are commercially available from Micro
Switch of Freeport, IL (a division of Honeywell).
[0095] Figure 12C shows a view of apparatus 200 showing the relative positions of the servo cylinder and the pneumatic
circuit 260. As shown, servo cylinder 240 includes pneumatic cylinder 242 with piston 244, limit switches 245, 246 which
are mounted to a limit switch board, and a stepper motor 247. A lead screw 248 and a coupler 249 are used to transfer
motion of motor 247 into motion of piston 244. More specifically, rotation of motor 247 causes rotation of lead screw
248. Threads of lead screw 248 couple with threads of coupler 249 so that rotation of lead screw 248 causes translation
(left or right as shown in Figure 12C) of coupler 249. Coupler 249 is rigidly fixed to piston 244 so translation of coupler
causes translation of piston 244 and thereby moves air into or out of cylinder 242.
[0096] Pneumatic cylinder 242 may be implemented using a SKDM2550 which is commercially available from Vesta
(Rovigo) Italy. This cylinder defines a 25 mm internal diameter bore, a 50 mm stroke (i.e., the range of motion of piston
244 is 50 mm), and a volume of about 20 millilitres. The stepper motor may be implemented using a 103547-5240 which
is commercially available from Sanyo-Denky of Japan. This motor operates at 24 V dc, can be driven a 1600 steps per
revolution, and delivers a torque of 25 Newton/cm. The servo cylinder is preferably configured so that each full rotation
of the stepper motor (i.e., 1600 steps) causes piston 244 to translate by 2 mm (millimeters)
[0097] The power supply 282 (shown in Figure 3A) of apparatus 200 may be implemented using a switching 20 watt
24 volt universal input PSU model 0FM-0205, which is commercially available from by Astrodyne of Taiwan.
[0098] The pressure regulation function of apparatus 200 will now be discussed. The general goals of the regulation
provided by apparatus 200 are to (1) keep the cuff pressure at a desired value (i.e., the set point) and (2) when the cuff
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pressure is not at the set point to quickly bring the cuff pressure to the set point without overshooting or oscillating.
[0099] Figure 13 shows a graph that illustrates the basic form of the controller function used by microprocessor 212
for regulating the stepper motor 247 when apparatus 200 is regulating pressure in an LMA cuff. The X-axis of Figure 13
is labelled "delta pressure" and represents an absolute value of a difference between the set point and the actual pressure
of the cuff. In other words, the variable of the X-axis represents the magnitude of the difference between the actual cuff
pressure and the desired cuff pressure (i.e., the set point). The Y-axis of Figure 13 represents the speed (in number of
steps per second) of the stepper motor 247. So, Figure 13 shows the number of steps per second that will be taken by
stepper motor 247 for any given delta pressure. In a preferred method of operation, microprocessor chip 212 (1) measures
delta pressure once every half a second and (2) every half a second updates the control of stepper motor 247 via driver
chip 214 so that the motor rotates at a rate of S steps per second, where S is determined according to the previously
measured value of delta pressure and according to the controller curve shown in Figure 13. So, the microprocessor
preferably updates the control of stepper motor 247 once ever half of a second. Also, the microprocessor 212 preferably
only causes the motor 247 to move if the measured delta pressure is greater than 0.1 cmH2O.
[0100] The curve shown in Figure 13 is characterised by three distinct regions. The first region between delta pressures
zero and P1 is flat, or horizontal, and has a value of S1. The second region between delta pressures P1 and P2 is linear
and is characterised by a slope of greater than zero. The third region of delta pressures greater than P2 is parabolic.
[0101] In one embodiment, apparatus 200 provides four different modes of regulating cuff pressure. However, each
of the four modes uses a controller function that is characterised by the curve shown in Figure 13.
[0102] In all four modes, the parabolic region of the controller curve is described by the following quadratic Equation
7. So, the number of steps per second taken by the motor 247, when the delta pressure is in the parabolic region, is
equal to the square of the delta pressure times a constant. One preferred value for the constant K is 250. 

[0103] In each of the four modes, the linear region of the curve shown in Figure 13 is described by the following
Equation 8. The linear region of mode zero, the mode that provides the slowest form of regulation, is characterized by
a slope (of Equation 8) that is equal to 0.5. The linear region of mode one is characterized by a slope that is equal to
1.0. The linear region of mode two is characterized by a slope that is equal to 2.0. The linear region of mode three, the
mode that provides the fastest form of regulation, is characterized by a slope that is equal to 4.0. 

[0104] In all four modes, the value S1 (i.e., the height of the flat region) is equal to ten cm H2O.
[0105] In all four modes, the value of point P1 (as shown in Figure 13) is determined by the intersection of the linear
and flat regions. That is, the value of P1 is the value of delta pressure for which the linear Equation 8 yields a number
of steps per second equal to S1. Similarly, in all four modes, the value of point P2 is determined by the intersection of
the linear and parabolic regions. That is, the value of P2 is the value of delta pressure for which the linear Equation 8
yields a number of steps per second equal to the number yielded by the quadratic Equation 7.
[0106] In mode zero, P1 equals about 1.0 and P2 equals about 6.0. In mode one, P1 equals about 0.5 and P2 equals
about 12.0. In mode two, P1 equals about 0.22 and P2 equals about 24.5. In mode three, P1 equals about 0.12. In mode
three, the parabolic region is almost never used.
[0107] The above-described four modes provide four different ways in which apparatus 200 may regulate the cuff
pressure. It will be appreciated that other modes could also be defined as well. The purpose of defining different modes
is to allow apparatus 200 to act in different ways that are suitable for different situations. For example, mode zero, the
slowest mode of regulation, is appropriate when the patient is deeply anesthetized. As discussed above, apparatus 200
uses measured changes in cuff pressure to estimate the anesthetic state of a patient. Accordingly, when apparatus 200
is performing its estimating function (if apparatus is also simultaneously performing its regulating function), it is desirable
for apparatus 200 to provide only minimal adjustments to cuff pressure so that all measured changes in cuff pressure
are caused by action of the patient (and are not caused by apparatus 200). Mode zero generally provides only very
minor adjustments to cuff pressure and therefore interferes only minimally with the estimating function of apparatus 200.
[0108] Mode one provides faster regulation than mode zero. However, mode one may also be used when apparatus
200 is providing its estimating function, and especially if a larger size LMA is being used (e.g., sizes 5 or 6). Since more
air must be pumped into or out of larger size LMAs to affect their cuff pressure, it is appropriate to use a faster mode of
regulation when larger size LMAs are being used.
[0109] Mode two provides even faster pressure regulation and is appropriate for use with lightly anesthetized patients
that have active swallowing reflexes.
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[0110] Mode three provides the fastest regulation. This mode is appropriate when apparatus 200 is not providing its
estimating function and the only goal for apparatus 200 is to maintain a constant pressure in the LMA cuff.
[0111] It should be noted that apparatus 200 can monitor cuff pressure without also regulating cuff pressure. Accord-
ingly, the estimating function (e.g., activating alarms and calculating patient activity) of apparatus 200 may be performed
whether or not apparatus 200 is actively regulating cuff pressure. Also, if apparatus 200 is regulating cuff pressure,
apparatus 200 may also perform its estimating function regardless of which of the regulating modes is being used.
However, the estimating function is most likely to have the highest accuracy if one of the slower modes of regulation
(e.g., mode zero) is being used, or if no regulation is being used at all. Finally, apparatus 200 may also perform its
regulating function (i.e., maintain cuff pressure at the set point) without simultaneously performing its estimating function.
[0112] As generally described above, the most common use of LMAs is during surgical procedures. Normally, the
LMA is inserted into the patient shortly before the beginning of surgery and is removed shortly after the surgery is
completed. However, LMAs may also be used during long term, non-surgically related, stays in the hospital. For example,
it can be advantageous to insert LMAs in patients that are in an intensive care unit (ICU) and to leave the LMAs in the
patients for prolonged periods of time. Apparatus 200 may also usefully (1) regulate the cuff pressure of LMAs that are
inserted in such patients and (2) estimate or monitor the state of such patents.
[0113] When an LMA remains in a patient for a long period of time, it is important to allow the patient to swallow
comfortably. During swallowing, the pharynx contracts and thereby reduces the available space for the inflated LMA
cuff. Accordingly, swallowing can be very uncomfortable or painful for the patient unless air is withdrawn from the cuff
while the patient is swallowing. Also, the cuff pressure will rise dramatically during swallowing unless air is quickly
removed from the cuff. The above described fast modes of pressure regulation (e.g., modes two or three) are fast enough
to permit relatively comfortable swallowing. That is, when apparatus 200 is providing mode two or three regulation, and
a patient swallows, the apparatus withdraws air from the cuff sufficiently fast to maintain the cuff pressure near the set
point during swallowing and quickly moves air back into the cuff after swallowing is complete. From the patient’s point
of view, swallowing is relatively comfortable and they experience a softly compliant object (i.e., a collapsing LMA cuff)
in their throat as opposed to a rigid object (i.e., a fully inflated LMA cuff). Also, by quickly reacting to the cuff pressure
changes associated with swallowing, apparatus 200 allows the LMA to remain in a stable position within the patient for
long periods of time.
[0114] In addition to regulating cuff pressure, apparatus 200 can provide an estimating function for patients in which
LMAs have been inserted for long periods of time. The estimating function of apparatus 200 has been principally described
above in connection with patients that have been anesthetized and are receiving IPPV. However, even if a patient is not
receiving IPPV and is instead breathing spontaneously, the cuff pressure will tend to oscillate in a manner similar to that
described above. That is, during spontaneous breathing, the cuff pressure tends to rise during inhalation and to fall
during exhalation. The changes in cuff pressure caused by spontaneous breathing can be monitored in exactly the same
way as the changes in cuff pressure caused by IPPV, and apparatus 200 can provide an indication or an alarm if the
deviations in cuff pressure exceed a normal range. Such alarms can alert the staff of impending return of consciousness
in time for them to prevent the patient experiencing significant distress. It will be appreciated that such monitoring of
patients in an ICU can be very useful.
[0115] Since certain changes may be made in the above apparatus without departing from the scope of the invention
herein involved, it is intended that all matter contained in the above description or shown in the accompanying drawing
shall be interpreted in an illustrative and not a limiting sense. For example, the above described methods of operating
the alarms analyze the cuff pressure relative to a mean value. In other embodiments, the calculations could be referenced
to the set point instead of the mean value. As another example, apparatus 200 has been described as working with
LMAs, however, apparatus 200 could be used in conjunction with any device in which an inflatable cuff, or balloon, is
positioned in a patient’s pharynx.

Claims

1. A method for monitoring a patient in which an artificial airway device has been installed, the device including an
inflated structure, the method comprising:

A. monitoring a pressure within the inflated structure, wherein the inflatable structure comprises a cuff of a
laryngeal mask airway device or an endotracheal tube, and wherein the pressure is indicative of a tone of
muscles in the patient’s larynx or pharynx;
B. activating an alarm when the pressure exceeds a first selected level, wherein the alarm is a rate alarm, and
wherein triggering of the rate alarm is controlled by a calculation of the difference between long term and short
term estimations of the mean of previous pressure values of the inflatable structure.
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2. A method according to claim 1, further including activating the alarm when the pressure drops below a second
selected level.

3. A method according to claim 1, wherein the inflated structure is positioned in the patient’s pharynx.

4. A method according to claim 1, wherein the inflated structure is inflated by an amount less than required to stretch
walls of the structure.

5. A method according to claim 1, wherein the inflated structure is inflated by an amount sufficient to cause the structure
to push against the patient’s pharyngeal walls.

Patentansprüche

1. Verfahren zum Überwachen eines Patienten, in dem eine künstliche Atemwegsvorrichtung platziert worden ist,
wobei die Vorrichtung eine aufgeblasene Struktur beinhaltet, wobei das Verfahren Folgendes umfasst:

A. Überwachen eines Drucks innerhalb der aufgeblasenen Struktur, wobei die aufblasbare Struktur einen Cuff
einer Larynxmaskenatemwegsvorrichtung oder eines Endotrachealtubus umfasst und wobei der Druck auf
einen Tonus von Muskeln in dem Larynx oder Pharynx des Patienten hinweist;
B. Aktivieren eines Alarms, wenn der Druck einen ersten ausgewählten Pegel übersteigt, wobei der Alarm ein
Ratenalarm ist und wobei das Auslösen des Ratenalarms durch eine Berechnung der Differenz zwischen Lang-
zeit- und Kurzzeitschätzungen des Mittelwerts vorheriger Druckwerte der aufblasbaren Struktur gesteuert wird.

2. Verfahren nach Anspruch 1, ferner beinhaltend das Aktivieren des Alarms, wenn der Druck unter einen zweiten
ausgewählten Pegel fällt.

3. Verfahren nach Anspruch 1, wobei die aufgeblasene Struktur in dem Pharynx des Patienten platziert wird.

4. Verfahren nach Anspruch 1, wobei die aufgeblasene Struktur um einen Betrag aufgeblasen wird, der geringer als
jener ist, der zum Dehnen der Wände der Struktur erforderlich ist.

5. Verfahren nach Anspruch 1, wobei die aufgeblasene Struktur um einen Betrag aufgeblasen wird, der ausreicht, um
zu bewirken, dass die Struktur gegen die Pharynxwände des Patienten drückt.

Revendications

1. Procédé pour la surveillance d’un patient dans lequel un dispositif de voie aérienne artificielle a été installé, le
dispositif incluant une structure gonflée, le procédé comprenant :

A. la surveillance d’une pression au sein de la structure gonflée, dans lequel la structure gonflable comprend
un manchon d’un dispositif de voie aérienne formant masque laryngé ou d’un tube endotrachéal, et dans lequel
la pression est révélatrice d’un tonus musculaire dans le larynx ou le pharynx du patient ;
B. l’activation d’une alarme quand la pression dépasse un premier niveau sélectionné, dans lequel l’alarme est
une alarme de taux, et dans lequel le déclenchement de l’alarme de taux est commandé par un calcul de la
différence entre les estimations à long terme et à court terme de la moyenne des valeurs de pression précédentes
de la structure gonflable.

2. Procédé selon la revendication 1, incluant en outre l’activation de l’alarme quand la pression chute au-dessous d’un
deuxième niveau sélectionné.

3. Procédé selon la revendication 1, dans lequel la structure gonflée est positionnée dans le pharynx du patient.

4. Procédé selon la revendication 1, dans lequel la structure gonflée est gonflée par une quantité inférieure à celle
requise pour distendre les parois de la structure.

5. Procédé selon la revendication 1, dans lequel la structure gonflée est gonflée par une quantité suffisante pour
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amener la structure à pousser contre les parois pharyngées du patient.
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