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Description

Introduction

[0001] A ventilator is a device that mechanically helps
patients breathe by replacing some or all of the muscular
effort required to inflate and deflate the lungs. In recent
years, there has been an accelerated trend towards an
integrated clinical environment. That is, medical devices
are becoming increasingly integrated with communica-
tion, computing, and control technologies. As a result,
modem ventilatory equipment has become increasingly
complex, providing for detection and evaluation of a myr-
iad of ventilatory parameters. However, due to the shear
magnitude of available ventilatory data, many clinicians
may not readily assess and evaluate the diverse venti-
latory data to detect certain patient conditions and/or
changes in patient condition. For example, Auto-PEEP
is a dangerous condition associated with gas-trapping in
the lungs that may be implicated by slight changes in a
variety of different parameters. Although quite serious,
Auto-PEEP is difficult to diagnose because it is not easily
recognized or detected by clinicians during the ventilation
of a patient.
[0002] EP 1 767 236 discloses a ventilator for ventilat-
ing a patient configured to assist a clinician in determining
a suitable PEEP for the patient. A graph or tabular display
of a series of different value PEEPs and corresponding
functional residual capacities of the patient may be pro-
vided; the relationship between lung compliance and a
series of different values of PEEP may be provided; or
the amount of the lung volume recruited/de-recruited at
various levels of PEEP may be determined for use in
selecting a desired PEEP. To this end, the functional re-
sidual capacity of the lungs is determined for a first PEEP
level. The PEEP is then altered to a second level and a
spirometry dynostatic curve of lung volume and pressure
data is obtained. The lung volume on the dynostatic curve
at a lung pressure corresponding to the first PEEP value
is obtained. The difference between the functional resid-
ual capacity of the lungs at the first PEEP level and that
determined from the dynostatic curve represents the lung
volume recruited/de-recruited when changing between
said first and second PEEPs.
[0003] Indeed, clinicians and patients may greatly ben-
efit from ventilator notifications when evaluation of vari-
ous ventilatory data is indicative of certain patient condi-
tions, changes in patient condition, effectiveness of ven-
tilatory therapy, or otherwise.

Ventilator-Initiated Prompt Regarding Auto-PEEP 
Detection during Pressure Ventilation

[0004] This disclosure describes systems and meth-
ods for monitoring and evaluating ventilatory parameters,
analyzing ventilatory data associated with those param-
eters, and providing useful notifications and/or recom-
mendations to clinicians. Modem ventilators monitor,

evaluate, and graphically represent a myriad of ventila-
tory parameters. However, many clinicians may not eas-
ily identify or recognize data patterns and correlations
indicative of certain patient conditions, changes in patient
condition, and/or effectiveness of ventilatory treatment.
Further, clinicians may not readily determine appropriate
ventilatory adjustments that may address certain patient
conditions and/or the effectiveness of ventilatory treat-
ment. Specifically, clinicians may not readily detect or
recognize the presence of Auto-PEEP during various
types of pressure ventilation (e.g., pressure-control ven-
tilation (PCV), bi-level (BL) pressure ventilation, or vol-
ume-targeted-pressure-controlled (VC+) ventilation).
According to embodiments, a ventilator may be config-
ured to monitor and evaluate diverse ventilatory param-
eters to detect Auto-PEEP and may issue suitable noti-
fications and recommendations to the clinician when Au-
to-PEEP is implicated. The suitable notifications and rec-
ommendations may further be provided in a hierarchical
format such that the clinician may selectively access
summarized and/or detailed information regarding the
presence of Auto-PEEP. In more automated systems,
recommendations may be automatically implemented.
[0005] According to embodiments, a ventilator-imple-
mented method for detecting Auto-PEEP during pres-
sure ventilation may be provided. The method may in-
clude collecting data associated with ventilatory param-
eters and processing the collected ventilatory parameter
data, wherein processing the collected ventilatory pa-
rameter data includes deriving ventilatory parameter da-
ta from the collected ventilatory parameter data. Further,
the methods may involve analyzing the processed ven-
tilatory parameter data, including receiving one or more
predetermined thresholds associated with the processed
ventilatory parameter data and detecting whether the
processed ventilatory parameter data breaches the one
or more predetermined thresholds. Upon detecting that
the processed ventilatory data breaches the one or more
predetermined thresholds, the methods may determine
that Auto-PEEP is implicated. Upon determining that Au-
to-PEEP is implicated, a smart prompt may be issued.
[0006] According to further embodiments, a ventilatory
system for issuing a smart prompt when Auto-PEEP is
implicated during pressure ventilation may be provided.
The ventilatory system may perform a method compris-
ing detecting that Auto-PEEP is implicated. Upon detect-
ing that Auto-PEEP is implicated, the methods may de-
termine an appropriate notification message, determine
an appropriate recommendation message, and display
at least one of the appropriate notification message and
the appropriate recommendation message.
[0007] According to further embodiments, a graphical
user interface for displaying one or more smart prompts
corresponding to a detected condition may be provided.
The graphical user interface may further comprise at
least one window and one or more elements within the
at least one window comprising at least one smart prompt
element for communicating information regarding the de-
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tected condition, wherein the detected condition is Auto-
PEEP.
[0008] These and various other features as well as ad-
vantages which characterize the systems and methods
described herein will be apparent from a reading of the
following detailed description and a review of the asso-
ciated drawings. Additional features are set forth in the
description which follows, and in part will be apparent
from the description, or may be learned by practice of
the technology. The benefits and features of the technol-
ogy will be realized and attained by the structure partic-
ularly pointed out in the written description and claims
hereof as well as the appended drawings.
[0009] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to pro-
vide Further explanation of the claims.

Brief Description of the Drawings

[0010] The following drawing figures, which form a part
of this application, are illustrative of described technology
and are not meant to limit the scope of the claims in any
manner, which scope shall be based on the claims ap-
pended hereto.

FIG. 1 is a diagram illustrating an embodiment of an
exemplary ventilator connected to a human patient.
FIG. 2 is a block-diagram illustrating an embodiment
of a ventilatory system for monitoring and evaluating
ventilatory parameters associated with Auto-PEEP.
FIG. 3 is a flow chart illustrating an embodiment of
a method for detecting an implication of Auto-PEEP.
FIG. 4 is a flow chart illustrating an embodiment of
a method for issuing a smart prompt upon detecting
an implication of Auto-PEEP.
FIG. 5 is an illustration of an embodiment of a graph-
ical user interface displaying a smart prompt having
a notification message comprising an Auto-PEEP
alert during pressure ventilation of a triggering pa-
tient.
FIG. 6 is an illustration of an embodiment of a graph-
ical user interface displaying a smart prompt having
a notification message comprising an Auto-PEEP
alert during pressure ventilation of a non-triggering
patient.
FIG. 7 is an illustration of an embodiment of a graph-
ical user interface displaying an expanded smart
prompt having a notification message and one or
more recommendation messages for mitigating Au-
to-PEEP during pressure ventilation of a triggering
patient.
FIG. 8 is an illustration of an embodiment of a graph-
ical user interface displaying an expanded smart
prompt having a notification message and one or
more recommendation messages for mitigating Au-
to-PEEP during pressure ventilation of a non-trigger-
ing patient.

Detailed Description

[0011] Although the techniques introduced above and
discussed in detail below may be implemented for a va-
riety of medical devices, the present disclosure will dis-
cuss the implementation of these techniques for use in
a mechanical ventilator system. The reader will under-
stand that the technology described in the context of a
ventilator system could be adapted for use with other
therapeutic equipment for alerting and advising clinicians
regarding detected patient conditions.
[0012] This disclosure describes systems and meth-
ods for monitoring and evaluating ventilatory parameters,
analyzing ventilatory data associated with those param-
eters, and providing useful notifications and/or recom-
mendations to clinicians. Modern ventilators monitor,
evaluate, and graphically represent a myriad of ventila-
tory parameters. However, many clinicians may not eas-
ily identify or recognize data patterns and correlations
indicative of certain patient conditions, changes in patient
condition, and/or effectiveness of ventilatory treatment.
Further, clinicians may not readily determine appropriate
ventilatory adjustments that may address certain patient
conditions and/or the effectiveness of ventilatory treat-
ment. Specifically, clinicians may not readily detect or
recognize the presence of Auto-PEEP during pressure
ventilation.
[0013] According to embodiments, a ventilator may be
configured to monitor and evaluate diverse ventilatory
parameters to detect Auto-PEEP and may issue suitable
notifications and recommendations to the clinician when
Auto-PEEP is implicated. The suitable notifications and
recommendations may further be provided in a hierar-
chical format such that the clinician may selectively ac-
cess summarized and/or detailed information regarding
the presence of Auto-PEEP. In more automated systems,
recommendations may be automatically implemented.

Ventilator System

[0014] FIG. 1 is a diagram illustrating an embodiment
of an exemplary ventilator 100 connected to a human
patient 150. Ventilator 100 includes a pneumatic system
102 (also referred to as a pressure generating system
102) for circulating breathing gases to and from patient
150 via the ventilation tubing system 130, which couples
the patient to the pneumatic system via an invasive (e.g.,
endotracheal tube, as shown) or a non-invasive (e.g.,
nasal mask) patient interface.
[0015] Ventilation tubing system 130 may be a two-
limb (shown) or a one-limb circuit for carrying gases to
and from the patient 150. In a two-limb embodiment, a
fitting, typically referred to as a "wye-fitting" 170, may be
provided to couple a patient interface 180 (as shown, an
endotracheal tube) to an inspiratory limb 132 and an ex-
piratory limb 134 of the ventilation tubing system 130.
[0016] Pneumatic system 102 may be configured in a
variety of ways. In the present example, system 102 in-
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cludes an expiratory module 108 coupled with the expir-
atory limb 134 and an inspiratory module 104 coupled
with the inspiratory limb 132. Compressor 106 or other
source(s) of pressurized gases (e.g., air, oxygen, and/or
helium) is coupled with inspiratory module 104 to provide
a gas source for ventilatory support via inspiratory limb
132.
[0017] The pneumatic system 102 may include a vari-
ety of other components, including mixing modules,
valves, sensors, tubing, accumulators, filters, etc. Con-
troller 110 is operatively coupled with pneumatic system
102, signal measurement and acquisition systems, and
an operator interface 120 that may enable an operator
to interact with the ventilator 100 (e.g., change ventilator
settings, select operational modes, view monitored pa-
rameters, etc.). Controller 110 may include memory 112,
one or more processors 116, storage 114, and/or other
components of the type commonly found in command
and control computing devices. In the depicted example,
operator interface 120 includes a display 122 that may
be touch-sensitive and/or voice-activated, enabling the
display to serve both as an input and output device.
[0018] The memory 112 includes non-transitory, com-
puter-readable storage media that stores software that
is executed by the processor 116 and which controls the
operation of the ventilator 100. In an embodiment, the
memory 112 includes one or more solid-state storage
devices such as flash memory chips. In an alternative
embodiment, the memory 112 may be mass storage con-
nected to the processor 116 through a mass storage con-
troller (not shown) and a communications bus (not
shown). Although the description of computer-readable
media contained herein refers to a solid-state storage, it
should be appreciated by those skilled in the art that com-
puter-readable storage media can be any available me-
dia that can be accessed by the processor 116. That is,
computer-readable storage media includes non-transito-
ry, volatile and non-volatile, removable and non-remov-
able media implemented in any method or technology
for storage of information such as computer-readable in-
structions, data structures, program modules or other da-
ta. For example, computer-readable storage media in-
cludes RAM, ROM, EPROM, EEPROM, flash memory
or other solid state memory technology, CD-ROM, DVD,
or other optical storage, magnetic cassettes, magnetic
tape, magnetic disk storage or other magnetic storage
devices, or any other medium which can be used to store
the desired’ information and which can be accessed by
the computer.
[0019] Communication between components of the
ventilatory system or between the ventilatory system and
other therapeutic equipment and/or remote monitoring
systems may be conducted over a distributed network,
as described further herein, via wired or wireless means.
Further, the present methods may be configured as a
presentation layer built over the TCP/IP protocol. TCP/IP
stands for "Transmission Control Protocol/Internet Pro-
tocol" and provides a basic communication language for

many local networks (such as intra- or extranets) and is
the primary communication language for the Internet.
Specifically, TCP/IP is a bi-layer protocol that allows for
the transmission of data over a network. The higher layer,
or TCP layer, divides a message into smaller packets,
which are reassembled by a receiving TCP layer into the
original message. The lower layer, or IP layer, handles
addressing and routing of packets so that they are prop-
erly received at a destination.

Ventilator Components

[0020] FIG. 2 is a block-diagram illustrating an embod-
iment of a ventilatory system for monitoring and evaluat-
ing ventilatory parameters associated with Auto-PEEP.
[0021] Ventilatory system 200 includes ventilator 202
with its various modules and components. That is, ven-
tilator 202 may further include, inter alia, memory 208,
one or more processors 206, user interface 210, and ven-
tilation module 212 (which may further include an inspi-
ration module 214 and an expiration module 216). Mem-
ory 208 is defined as described above for memory 112.
Similarly, the one or more processors 206 are defined
as described above for one or more processors 116.
Processors 206 may further be configured with a clock
whereby elapsed time may be monitored by the system
200.
[0022] The ventilatory system 200 may also include a
display module 204 communicatively coupled to ventila-
tor 202. Display module 204 provides various input
screens, for receiving clinician input, and various display
screens, for presenting useful information to the clinician.
The display module 204 is configured to communicate
with user interface 210 and may include a graphical user
interface (GUI). The GUI may be an interactive display,
e.g., a touch-sensitive screen or otherwise, and may pro-
vide various windows and elements for receiving input
and interface command operations. Alternatively, other
suitable means of communication with the ventilator 202
may be provided, for instance by a wheel, keyboard,
mouse, or other suitable interactive device. Thus, user
interface 210 may accept commands and input through
display module 204. Display module 204 may also pro-
vide useful information in the form of various ventilatory
data regarding the physical condition of a patient and/or
a prescribed respiratory treatment. The useful informa-
tion may be derived by the ventilator 202, based on data
collected by a data processing module 222, and the use-
ful information may be displayed to the clinician in the
form of graphs, wave representations, pie graphs, or oth-
er suitable forms of graphic display. For example, one or
more smart prompts may be displayed on the GUI and/or
display module 204 upon detection of an implication of
Auto-PEEP by the ventilator. Additionally or alternatively,
one or more smart prompts may be communicated to a
remote monitoring system coupled via any suitable
means to the ventilatory system 200.
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Equation of Motion

[0023] Ventilation module 212 may oversee ventilation
of a patient according to prescribed ventilatory settings.
By way of general overview, the basic elements impact-
ing ventilation may be described by the following venti-
latory equation (also known as the Equation of Motion): 

Here, Pm is a measure of muscular effort that is equivalent
to the pressure generated by the muscles of a patient. If
the patient’s muscles are inactive, the Pm is equivalent
to 0 cm H2O. During inspiration, Pv represents the posi-
tive pressure delivered by a ventilator (generally in cm
H2O). VT represents the tidal volume delivered based on
the pressure supplied, C refers to the respiratory com-
pliance, R represents the respiratory resistance, and F
represents the gas flow during inspiration (generally in
liters per min (L/m)). Alternatively, during expiration, the
Equation of Motion may be represented as: 

Here, Pa represents the positive pressure existing in the
lungs (generally in cm H2O), Pt represents the trans air-
way pressure, VTE represents the tidal volume exhaled,
C refers to the respiratory compliance, R represents the
respiratory resistance, and F represents the gas flow dur-
ing expiration (generally in liters per min (L/m)).

Pressure

[0024] For positive pressure ventilation, pressure at
the upper airway opening (e.g., in the patient’s mouth) is
positive relative to the pressure at the body’s surface
(i.e., relative to the ambient atmospheric pressure to
which the patient’s body surface is exposed, about 0 cm
H2O). As such, when Pv is zero, i.e., no ventilatory pres-
sure is being delivered, the upper airway opening pres-
sure will be equal to the ambient pressure (i.e., about 0
cm H2O). However, when inspiratory pressure is applied
(i.e., positive pressure), a pressure gradient is created
that allows gases to flow into the airway and ultimately
into the lungs of a patient during inspiration (or, inhala-
tion) until the pressure is equalized. When an inspiratory
volume (or VT) has been delivered to the lungs such that
the inspiratory pressure is achieved and maintained,
pressure is equalized and gases no longer flow into the
lungs (i.e., zero flow).
[0025] According to embodiments, additional pressure
measurements may be obtained and evaluated. For ex-
ample, transairway pressure, Pt, which refers to the pres-
sure differential or gradient between the upper airway
opening and the alveoli, may also be determined. Pt may

be represented mathematically as: 

Where Pawo refers to the pressure in the upper airway
opening, or mouth, and Pa refers to the pressure within
the alveolar space, or the lungs (as described above). Pt
may also be represented as follows: 

Where F refers to flow and R refers to respiratory resist-
ance, as described below.
[0026] Additionally, lung pressure or alveolar pressure,
Pa, may be measured or derived. For example, Pa may
be measured via a distal pressure transducer or other
sensor near the lungs and/or the diaphragm. Alternative-
ly, Pa may be estimated by measuring the plateau pres-
sure, PPlat, via a proximal pressure transducer or other
sensor at or near the airway opening. Plateau pressure,
PPlat, refers to a slight plateau in pressure that is observed
at the end of inspiration when inspiration is held for a
period of time, sometimes referred to as an inspiratory
hold or pause maneuver, or a breath-hold maneuver.
That is, when inspiration is held, pressure inside the al-
veoli and mouth are equal (i.e., no gas flow). However,
as a result of muscular relaxation and elastance of the
lungs during the hold period, forces are exerted on the
inflated lungs that create a positive pressure. This posi-
tive pressure is observed as a plateau in the pressure
waveform that is slightly below the peak inspiratory pres-
sure, PPeak, prior to initiation of expiration. As may be
appreciated, for accurate measurement of PPlat, the pa-
tient should be sedated or non-spontaneous (as muscu-
lar effort during the inspiratory pause may skew the pres-
sure measurement). Upon determining PPlat based on
the pressure waveform or otherwise, PPlat may be used
as an estimate of Pa (alveolar pressure).

Flow and Volume

[0027] Volume refers to the amount of gas delivered
to a patient’s lungs, usually in liters (L). Flow refers to a
rate of change in volume over time (F = Δ V / Δ t). Flow
is generally expressed in liters per minute (L/m or lpm)
and, depending on whether gases are flowing into or out
of the lungs, flow may be referred to as inspiratory flow
or expiratory flow, respectively. According to embodi-
ments, the ventilator may control the rate of delivery of
gases to the patient, i.e., inspiratory flow, and may control
the rate of release of gases from the patient, i.e., expir-
atory flow.
[0028] As may be appreciated, volume and flow are
closely related. That is, where flow is known or regulated,
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volume may be derived based on elapsed time. Indeed,
volume may be derived by integrating the flow waveform.
According to embodiments, a tidal volume, VT, may be
delivered upon reaching a set inspiratory time (TI) at set
inspiratory flow. Alternatively, set VT and set inspiratory
flow may determine the amount of time required for in-
spiration, i.e., TI.

Respiratory Compliance

[0029] Additional ventilatory parameters that may be
measured and/or derived may include respiratory com-
pliance and respiratory resistance, which refer to the load
against which the patient and/or the ventilator must work
to deliver gases to the lungs. Respiratory compliance
may be interchangeably referred to herein as compli-
ance. Generally, compliance refers to a relative ease with
which something distends and is the inverse of elastance,
which refers to the tendency of something to return to its
original form after being deformed. As related to ventila-
tion, compliance refers to the lung volume achieved for
a given amount of delivered pressure (C = Δ V / Δ P).
Increased compliance may be detected when the venti-
lator measures an increased volume relative to the given
amount of delivered pressure. Some lung diseases (e.g.,
acute respiratory distress syndrome (ARDS)) may de-
crease compliance and, thus, require increased pressure
to inflate the lungs. Alternatively, other lung diseases may
increase compliance, e.g., emphysema, and may require
less pressure to inflate the lungs.
[0030] Additionally or alternatively, static compliance
and dynamic compliance may be calculated. Static com-
pliance, Cs, represents compliance impacted by elastic
recoil at zero flow (e.g., of the chest wall, patient circuit,
and alveoli). As elastic recoil of the chest wall and patient
circuit may remain relatively constant, static compliance
may generally represent compliance as affected by elas-
tic recoil of the alveoli. As described above, PPlat refers
to a slight plateau in pressure that is observed after re-
laxation of pleural muscles and elastic recoil, i.e., repre-
senting pressure delivered to overcome elastic forces.
As such, PPlat provides a basis for estimating Cs as fol-
lows: 

Where VT refers to tidal volume, PPlat refers to plateau
pressure, and EEP refers to end-expiratory pressure, or
baseline pressure (including PEEP and/or Auto-PEEP),
as discussed below. Note that proper calculation of CS
depends on accurate measurement of VT and PPlat.
[0031] Dynamic compliance, CD, is measured during
airflow and, as such, is impacted by both elastic recoil
and airway resistance. Peak inspiratory pressure, PPeak,
which represents the highest pressure measured during
inspiration, i.e., pressure delivered to overcome both

elastic and resistive forces to inflate the lungs, is used to
calculate CD as follows: 

Where VT refers to tidal volume, PPeak refers to peak
inspiratory pressure, and EEP refers to end-expiratory
pressure. According to embodiments, ventilatory data
may be more readily available for trending compliance
of non-triggering patients than of triggering patients.

Respiratory Resistance

[0032] Respiratory resistance refers to frictional forces
that resist airflow, e.g., due to synthetic structures (e.g.,
endotracheal tube, expiratory valve, etc.), anatomical
structures (e.g., bronchial tree, esophagus, etc.), or vis-
cous tissues of the lungs and adjacent organs. Respira-
tory resistance may be interchangeably referred to herein
as resistance. Resistance is highly dependant on the di-
ameter of the airway. That is, a larger airway diameter
entails less resistance and a higher concomitant flow.
Alternatively, a smaller airway diameter entails higher
resistance and a lower concomitant flow. In fact, decreas-
ing the diameter of the airway results in an exponential
increase in resistance (e.g., two-times reduction of diam-
eter increases resistance by sixteen times). As may be
appreciated, resistance may also increase due to a re-
striction of the airway that is the result of, inter alia, in-
creased secretions, bronchial edema, mucous plugs,
brochospasm, and/or kinking of the patient interface
(e.g., invasive endotracheal or tracheostomy tubes).
[0033] Airway resistance may further be represented
mathematically as: 

Where Pt refers to the transairway pressure and F refers
to the flow. That is, Pt refers to the pressure necessary
to overcome resistive forces of the airway. Resistance
may be expressed in centimeters of water per liter per
second (i.e., cm H2O/L/s).

Pulmonary Time Constant

[0034] As discussed above, compliance refers to the
lung volume achieved for a given amount of delivered
pressure (C = Δ V / Δ P). That is, stated differently, volume
delivered is equivalent to the compliance multiplied by
the delivered pressure (Δ V = C*Δ P). However, as the
lungs are not perfectly elastic, a period of time is needed
to deliver the volume Δ V at pressure Δ P. A pulmonary
time constant, τ, may represent a time necessary to in-
flate or exhale a given percentage of the volume at de-
livered pressure Δ P. The pulmonary time constant, τ,
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may be calculated by multiplying the respiratory resist-
ance by the respiratory compliance (τ = R*C) for a given
patient and τ is generally represented in seconds, s. The
pulmonary time constant associated with exhalation of
the given percentage of volume may be termed an ex-
piratory time constant and the pulmonary time constant
associated with inhalation of the given percentage of vol-
ume may be termed an inspiratory time constant.
[0035] According to some embodiments, when expir-
atory resistance data is available, the pulmonary time
constant may be calculated by multiplying expiratory re-
sistance by compliance. According to alternative embod-
iments, the pulmomary time constant may be calculated
based on inspiratory resistance and compliance. Accord-
ing to further embodiments, the expiratory time, TE,
should be equal to or greater than a predetermined
number of pulmonary time constants (e.g., about three
pulmonary time constants) to ensure adequate exhala-
tion. The predetermined number of pulmonary time con-
stants may be selected via any suitable means, e.g., a
standard protocol, an institutional protocol, clinician in-
put, etc. According to embodiments, for a triggering pa-
tient, TE (e.g., determined by trending TE or otherwise)
should be equal to or greater than the predetermined
number of pulmonary time constants. For a non-trigger-
ing patient, set RR should yield a TE that is equal to or
greater than the predetermined number of pulmonary
time constants.

Normal Resistance and Compliance

[0036] According to embodiments, normal respiratory
resistance and compliance may be determined based on
a patient’s predicted body weight (PBW) (or ideal body
weight (IBW)). That is, according to a standardized pro-
tocol or otherwise, patient data may be compiled such
that normal respiratory resistance and compliance val-
ues and/or ranges of values may be determined and pro-
vided to the ventilatory system. That is, a manufacturer,
clinical facility, clinician, or otherwise, may configure the
ventilator with normal respiratory resistance and compli-
ance values and/or ranges of values based on PBWs (or
IBWs) of a patient population. Thereafter, during venti-
lation of a particular patient, respiratory resistance and
compliance data may be trended for the patient and com-
pared to normal values and/or ranges of values based
on the particular patient’s PBW (or IBW). According to
embodiments, the ventilator may give an indication to the
clinician regarding whether the trended respiratory re-
sistance and compliance data of the particular patient
falls into normal ranges. According to some embodi-
ments, data may be more readily available for trending
resistance and compliance for non-triggering patients
than for triggering patients.
[0037] According to further embodiments, a predicted
TE may be determined based on a patient’s PBW (or
IBW). That is, according to a standardized protocol or
otherwise, patient population data may be compiled such

that predicted TE values and/or ranges of values may be
determined based on PBWs (or IBWs) of the patient pop-
ulation and provided to the ventilatory system. Actual (or
trended) TE for a particular patient may then be compared
to the predicted TE. As noted previously, increased re-
sistance and/or compliance may result in an actual TE
that is longer than predicted TE. However, when actual
TE is consistent with predicted TE, this may indicate that
resistance and compliance for the particular patient fall
into normal ranges.
[0038] According to further embodiments, a normal
pulmonary time constant, τ, may be determined based
on a patient’s PBW (or IBW). That is, according to a stand-
ardized protocol or otherwise, patient data may be com-
piled such that normal τ values and/or ranges of values
may be determined based on PBWs (or IBWs) of a patient
population and provided to the ventilatory system. A cal-
culated τ may be determined for a particular patient by
multiplying resistance by compliance (as described
above, resistance and compliance data may be more
readily available for a non-triggering patient). As the prod-
uct of resistance and compliance results in τ, increased
resistance and/or compliance may result in an elevated
τ value. However, when the calculated τ value for the
particular patient is consistent with the normal τ value,
this may indicate that the resistance and compliance of
the particular patient fall into normal ranges.

I:E Ratio

[0039] According to embodiments, an I:E ratio may be
calculated (for a triggering patient) or set (for a non-trig-
gering patient). According to embodiments, a normal pa-
tient (e.g., with a normal TI and a normal RR for the pa-
tient’s PBW) may have an I:E ratio of 1:2 to 1:3. That is,
under normal conditions, it may be desirable for the TE
to be double or triple (or even greater) the set TI. How-
ever, under some circumstances the length of the TE ap-
proaches TI. For instance, if set RR is too high (for a non-
triggering patient), TE may be too short and may not allow
for complete exhalation. Alternatively, when inspiratory
pressure is too high (causing increased delivered vol-
ume), TE may be too short and may not allow for complete
exhalation of the increased delivered volume. As de-
scribed previously, when TE is too short, gas-trapping
may occur at the end of expiration causing Auto-PEEP.
Thus, in cases where the I:E ratio is greater than 1:2 (i.e.,
approaching 1:1 or approaching an inverse ratio, e.g.,
2:1) Auto-PEEP may be implicated.

Obstructive Component

[0040] Some patients may exhibit an obstructive com-
ponent due to various conditions and diseases, e.g.,
COPD, ARDS, etc. That is, an obstructive component
may be associated with patients that exhibit chronic el-
evated resistance due to constricted airways, alveolar
collapse, etc. In some cases, patients diagnosed with
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various conditions and diseases associated with an ob-
structive component may exhibit elevated resistance
over many months or years. According to some embod-
iments, patients having these conditions may also exhibit
elevated compliance.
[0041] According to embodiments described herein, a
clinician may input a patient diagnosis, e.g., COPD, AR-
DS, emphysema, etc. The ventilator may associate the
patient diagnosis with certain lung and airway character-
istics. For example, if the ventilator receives a patient
diagnosis of COPD, the ventilator may associate this pa-
tient diagnosis with elevated resistance. The ventilator
may further associate this patient diagnosis with an ob-
structive component. Alternatively, if the ventilator re-
ceives a patient diagnosis of emphysema, the ventilator
may associate this patient diagnosis with elevated com-
pliance.
[0042] According to further embodiments, normal res-
piratory resistance and compliance may be determined
based on a patient’s PBW (or IBW), as described above.
During ventilation of a specific patient, respiratory resist-
ance and compliance data may be trended for the patient
and compared to normal values and/or ranges of values
based on the specific patient’s PBW (or IBW). According
to embodiments, the ventilator may alert the clinician
when the trended respiratory resistance and/or compli-
ance data of the particular patient fall outside normal
ranges.
[0043] According to further embodiments, predicted TE
may be determined based on a patient’s PBW (or IBW),
as described above. Actual (or trended) TE for a particular
patient may then be compared to the predicted TE. When
actual TE is greater than predicted TE, this may indicate
that resistance and/or compliance of the particular patient
falls outside normal ranges. When compliance has not
changed, an elevated TE may be attributable to resist-
ance and the ventilator may alert the clinician that the
patient may have an obstructive component.
[0044] According to further embodiments, a normal
pulmonary time constant, τ, may be determined based
on a patient’s PBW (or IBW), as described above. A cal-
culated τ may be determined for a particular patient by
multiplying resistance by compliance. When the calcu-
lated τ value is greater than the normal τ value, this may
indicate that resistance and/or compliance for the partic-
ular patient fall outside normal ranges. When compliance
has not changed, the elevated TE may be attributable to
resistance and the ventilator may alert the clinician that
the patient may have an obstructive component.
[0045] According to embodiments, determination of
Auto-PEEP and/or determination of appropriate recom-
mendations for mitigating Auto-PEEP may vary for pa-
tients exhibiting an obstructive component. As such, the
ventilator may be configured to detect an obstructive
component, e.g. based on receiving an indication from
the clinician that the patient has been diagnosed with an
obstructive disease or condition. According to other em-
bodiments, the ventilator may detect that the patient ex-

hibits an obstructive component via other suitable means
described herein. According to embodiments, when an
obstructive component is detected, the ventilator may be
configured with adjusted sensitivity to Auto-PEEP and/or
may be configured to alter one or more recommendations
for mitigating Auto-PEEP based on the detection of an
obstructive component.

Inspiration

[0046] Ventilation module 212 may further include an
inspiration module 214 configured to deliver gases to the
patient according to prescribed ventilatory settings. Spe-
cifically, inspiration module 214 may correspond to the
inspiratory module 104 or may be otherwise coupled to
source(s) of pressurized gases (e.g., air, oxygen, and/or
helium), and may deliver gases to the patient. Inspiration
module 214 may be configured to provide ventilation ac-
cording to various ventilatory modes, e.g., via volume-
targeted, pressure-targeted, or via any other suitable
mode of ventilation.
[0047] Volume ventilation refers to various forms of vol-
ume-targeted ventilation that regulate volume delivery to
the patient. Different modes of volume ventilation are
available depending on the specific implementation of
volume regulation. For example, for volume-cycled ven-
tilation, an end of inspiration is determined based on mon-
itoring the volume delivered to the patient. Volume ven-
tilation may include volume-control (VC), volume-assist,
or volume assist/control ventilation. Volume ventilation
may be accomplished by setting a target volume, or pre-
scribed tidal volume, VT, for delivery to the patient. Ac-
cording to embodiments, prescribed VT and inspiratory
time (TI) may be set during ventilation start-up, based on
the patient’s PBW (or IBW). In this case, flow will be de-
pendent on the prescribed VT and set TI. Alternatively,
prescribed VT and flow may be set and TI may result.
According to some embodiments, a predicted TE may be
determined based on normal respiratory and compliance
values or value ranges based on the patient’s PBW (or
IBW). Additionally, a respiratory rate (RR) setting, gen-
erally in breaths/min, may be determined and configured.
For a non-triggering patient, the set RR controls the tim-
ing for each inspiration. For a triggering patient, the RR
setting applies if the patient stops triggering for some
reason and/or the patient’s triggered RR drops below a
threshold level.
[0048] According to embodiments, during volume ven-
tilation, as volume and flow are regulated by the ventila-
tor, delivered VT, flow waveforms (or flow traces), and
volume waveforms may be constant and may not be af-
fected by variations in lung or airway characteristics (e.g.,
respiratory compliance and/or respiratory resistance). Al-
ternatively, pressure readings may fluctuate based on
lung or airway characteristics. According to some em-
bodiments, the ventilator may control the inspiratory flow
and then derive volume based on the inspiratory flow and
elapsed time. For volume-cycled ventilation, when the
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derived volume is equal to the prescribed VT, the venti-
lator may initiate expiration.
[0049] According to alternative embodiments, the in-
spiration module 214 may provide ventilation via a form
of pressure ventilation. Pressure-targeted modes of ven-
tilation may be provided by regulating the pressure de-
livered to the patient in various ways. For example, during
pressure-cycled ventilation, an end of inspiration is de-
termined based on monitoring the pressure delivered to
the patient. Pressure ventilation may include pressure-
support ventilation (PSV) or pressure-control ventilation
(PCV), for example. Pressure ventilation may also in-
clude various forms of bi-level (BL) pressure ventilation,
i.e., pressure ventilation in which the inspiratory positive
airway pressure (IPAP) is higher than the expiratory pos-
itive airway pressure (EPAP). Specifically, pressure ven-
tilation may be accomplished by setting a target or pre-
scribed inspiratory pressure for delivery to the patient.
As for volume ventilation, predicted TI may be determined
based on normal respiratory and compliance values and
on the patient’s PBW (or IBW). According to some em-
bodiments, a predicted TE may be determined based on
normal respiratory and compliance values and based on
the patient’s PBW (or IBW). A respiratory rate (RR) set-
ting may also be determined and configured. For a non-
triggering patient, the set RR controls the timing for each
inspiration. For a triggering patient, the RR setting applies
if the patient stops triggering for some reason and/or pa-
tient triggering drops below a threshold RR level.
[0050] According to embodiments, during pressure
ventilation, the ventilator may maintain the same pres-
sure waveform at the mouth, Pawo, regardless of varia-
tions in lung or airway characteristics, e.g., respiratory
compliance and/or respiratory resistance. However, the
volume and flow waveforms may fluctuate based on lung
and airway characteristics. As noted above, pressure de-
livered to the upper airway creates a pressure gradient
that enables gases to flow into a patient’s lungs. The
pressure from which a ventilator initiates inspiration is
termed the end-expiratory pressure (EEP) or "baseline"
pressure. This pressure may be atmospheric pressure
(about 0 cm H2O), also referred to as zero end-expiratory
pressure (ZEEP). However, commonly, the baseline
pressure may be positive, termed positive end-expiratory
pressure (PEEP). Among other things, PEEP may pro-
mote higher oxygenation saturation and/or may prevent
alveolar collapse during expiration. Under pressure-cy-
cled ventilation, upon delivering the inspiratory pressure
the ventilator may initiate expiration.
[0051] According to still other embodiments, a combi-
nation of volume and pressure ventilation may be deliv-
ered to a patient, e.g., volume-targeted-pressure-control-
led (VC+) ventilation. In particular, VC+ ventilation may
provide benefits of setting a target VT, while also allowing
for monitoring variations in flow. As will be detailed further
below, variations in flow may be indicative of various pa-
tient conditions.

Expiration

[0052] Ventilation module 212 may further include an
expiration module 216 configured to release gases from
the patient’s lungs according to prescribed ventilatory
settings. Specifically, expiration module 216 may corre-
spond to expiratory module 108 or may otherwise be as-
sociated with and/or controlling an expiratory valve for
releasing gases from the patient. By way of general over-
view, a ventilator may initiate expiration based on lapse
of an inspiratory time setting (TI) or other cycling criteria
set by the clinician or derived from ventilator settings
(e.g., detecting delivery of prescribed VT or prescribed
inspiratory pressure based on a reference trajectory). Up-
on initiating the expiratory phase, expiration module 216
may allow the patient to exhale by opening an expiratory
valve. As such, expiration is passive, and the direction
of airflow, as described above, is governed by the pres-
sure gradient between the patient’s lungs (higher pres-
sure) and the ambient surface pressure (lower pressure).
Although expiratory flow is passive, it may be regulated
by the ventilator based on the size of the expiratory valve
opening.
[0053] Expiratory time (TE) is the time from the end of
inspiration until the patient triggers for a spontaneously
breathing patient. For a non-triggering patient, it is the
time from the end of inspiration until the next inspiration
based on the set RR. In some cases, however, the time
required to return to the functional residual capacity
(FRC) or resting capacity of the lungs is longer than pro-
vided by TE (e.g., because the patient triggers prior to
fully exhaling or the set RR is too high for a non-triggering
patient). According to embodiments, various ventilatory
settings may be adjusted to better match the time to reach
FRC with the time available to reach FRC. For example,
decreasing set TI to thereby increase the amount of time
available to reach FRC. Alternatively, inspiratory pres-
sure may be decreased (decreasing VT), resulting in less
time required to reach FRC.
[0054] As may be further appreciated, at the point of
transition between inspiration and expiration, the direc-
tion of airflow may abruptly change from flowing into the
lungs to flowing out of the lungs or vice versa depending
on the transition. Stated another way, inspiratory flow
may be measurable in the ventilatory circuit until PPeak
is reached, at which point flow approximates zero. There-
after, upon initiation of expiration, expiratory flow is meas-
urable in the ventilatory circuit until the pressure gradient
between the lungs and the body’s surface reaches zero
(again, resulting in zero flow). However, in some cases,
as will be described further herein, expiratory flow may
still be positive, i.e., measurable, at the end of expiration
(termed positive end-expiratory flow or positive EEF). In
this case, positive EEF is an indication that the pressure
gradient has not reached zero or, similarly, that the pa-
tient has not completely exhaled. Although a single oc-
currence of premature inspiration may not warrant con-
cern, repeated detection of positive EEF may be indica-
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tive of Auto-PEEP.

Ventilator Synchrony and Patient Triggering

[0055] According to some embodiments, the inspira-
tion module 214 and/or the expiration module 216 may
be configured to synchronize ventilation with a sponta-
neously-breathing, or triggering, patient. That is, the ven-
tilator may be configured to detect patient effort and may
initiate a transition from expiration to inspiration (or from
inspiration to expiration) in response. Triggering refers
to the transition from expiration to inspiration in order to
distinguish it from the transition from inspiration to expi-
ration (referred to as cycling). Ventilation systems, de-
pending on their mode of operation, may trigger and/or
cycle automatically, or in response to a detection of pa-
tient effort, or both.
[0056] Specifically, the ventilator may detect patient ef-
fort via a pressure-monitoring method, a flow-monitoring
method, direct or indirect measurement of nerve impuls-
es, or any other suitable method. Sensing devices may
be either internal or distributed and may include any suit-
able sensing device, as described further herein. In ad-
dition, the sensitivity of the ventilator to changes in pres-
sure and/or flow may be adjusted such that the ventilator
may properly detect the patient effort, i.e., the lower the
pressure or flow change setting the more sensitive the
ventilator may be to patient triggering.
[0057] According to embodiments, a pressure-trigger-
ing method may involve the ventilator monitoring the cir-
cuit pressure, as described above, and detecting a slight
drop in circuit pressure. The slight drop in circuit pressure
may indicate that the patient’s respiratory muscles, Pm,
are creating a slight negative pressure gradient between
the patient’s lungs and the airway opening in an effort to
inspire. The ventilator may interpret the slight drop in cir-
cuit pressure as patient effort and may consequently in-
itiate inspiration by delivering respiratory gases.
[0058] Alternatively, the ventilator may detect a flow-
triggered event. Specifically, the ventilator may monitor
the circuit flow, as described above. If the ventilator de-
tects a slight drop in flow during exhalation, this may in-
dicate, again, that the patient is attempting to inspire. In
this case, the ventilator is detecting a drop in bias flow
(or baseline flow) attributable to a slight redirection of
gases into the patient’s lungs (in response to a slightly
negative pressure gradient as discussed above). Bias
flow refers to a constant flow existing in the circuit during
exhalation that enables the ventilator to detect expiratory
flow changes and patient triggering. For example, while
gases are generally flowing out of the patient’s lungs dur-
ing expiration, a drop in flow may occur as some gas is
redirected and flows into the lungs in response to the
slightly negative pressure gradient between the patient’s
lungs and the body’s surface. Thus, when the ventilator
detects a slight drop in flow below the bias flow by a
predetermined threshold amount (e.g., 2 L/min below bi-
as flow), it may interpret the drop as a patient trigger and

may consequently initiate inspiration by delivering respi-
ratory gases.

Ventilator Sensory Devices

[0059] The ventilatory system 200 may also include
one or more distributed sensors 218 communicatively
coupled to ventilator 202. Distributed sensors 218 may
communicate with various components of ventilator 202,
e.g., ventilation module 212, internal sensors 220, data
processing module 222, Auto-PEEP detection module
224, and any other suitable components and/or modules.
Distributed sensors 218 may detect changes in ventila-
tory parameters indicative of Auto-PEEP, for example.
Distributed sensors 218 may be placed in any suitable
location, e.g., within the ventilatory circuitry or other de-
vices communicatively coupled to the ventilator. For ex-
ample, sensors may be affixed to the ventilatory tubing
or may be imbedded in the tubing itself. According to
some embodiments, sensors may be provided at or near
the lungs (or diaphragm) for detecting a pressure in the
lungs. Additionally or alternatively, sensors may be af-
fixed or imbedded in or near wye-fitting 170 and/or patient
interface 180, as described above.
[0060] Distributed sensors 218 may further include
pressure transducers that may detect changes in circuit
pressure (e.g., electromechanical transducers including
piezoelectric, variable capacitance, or strain gauge). Dis-
tributed sensors 218 may further include various flowm-
eters for detecting airflow (e.g., differential pressure
pneumotachometers). For example, some flowmeters
may use obstructions to create a pressure decrease cor-
responding to the flow across the device (e.g., differential
pressure pneumotachometers) and other flowmeters
may use turbines such that flow may be determined
based on the rate of turbine rotation (e.g., turbine flow-
meters). Alternatively, sensors may utilize optical or ul-
trasound techniques for measuring changes in ventilato-
ry parameters. A patient’s blood parameters or concen-
trations of expired gases may also be monitored by sen-
sors to detect physiological changes that may be used
as indicators to study physiological effects of ventilation,
wherein the results of such studies may be used for di-
agnostic or therapeutic purposes. Indeed, any distributed
sensory device useful for monitoring changes in meas-
urable parameters during ventilatory treatment may be
employed in accordance with embodiments described
herein.
[0061] Ventilator 202 may further include one or more
internal sensors 220. Similar to distributed sensors 218,
internal sensors 220 may communicate with various
components of ventilator 202, e.g., ventilation module
212, internal sensors 220, data processing module 222,
Auto-PEEP detection module 224, and any other suitable
components and/or modules. Internal sensors 220 may
employ any suitable sensory or derivative technique for
monitoring one or more parameters associated with the
ventilation of a patient. However, the one or more internal
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sensors 220 may be placed in any suitable internal loca-
tion, such as, within the ventilatory circuitry or within com-
ponents or modules of ventilator 202. For example, sen-
sors may be coupled to the inspiratory and/or expiratory
modules for detecting changes in, for example, circuit
pressure and/or flow. Specifically, internal sensors may
include pressure transducers and flowmeters for meas-
uring changes in circuit pressure and airflow. Additionally
or alternatively, internal sensors may utilize optical or ul-
trasound techniques for measuring changes in ventilato-
ry parameters. For example, a patient’s expired gases
may be monitored by internal sensors to detect physio-
logical changes indicative of the patient’s condition
and/or treatment, for example. Indeed, internal sensors
may employ any suitable mechanism for monitoring pa-
rameters of interest in accordance with embodiments de-
scribed herein.
[0062] As should be appreciated, with reference to the
Equation of Motion, ventilatory parameters are highly in-
terrelated and, according to embodiments, may be either
directly or indirectly monitored. That is, parameters may
be directly monitored by one or more sensors, as de-
scribed above, or may be indirectly monitored by deriva-
tion according to the Equation of Motion.

Ventilatory Data

[0063] Ventilator 202 may Further include a data
processing module 222. As noted above, distributed sen-
sors 218 and internal sensors 220 may collect data re-
garding various ventilatory parameters. A ventilatory pa-
rameter refers to any factor, characteristic, or measure-
ment associated with the ventilation of a patient, whether
monitored by the ventilator or by any other device. Sen-
sors may further transmit collected data to the data
processing module 222 and, according to embodiments,
the data processing module may 222 be configured to
collect data regarding some ventilatory parameters, to
derive data regarding other ventilatory parameters, and
to graphically represent collected and derived data to the
clinician and/or other modules of the ventilatory system.
Some collected, derived, and/or graphically represented
data may be indicative of Auto-PEEP. For example, data
regarding end-expiratory flow (EEF), data regarding al-
veolar pressure Pa (e.g., via a breath-hold maneuver, as
described above), PPeak data, PPlat data, volume data,
flow trace data, EEP data, etc., may be collected, derived,
and/or graphically represented by data processing mod-
ule 222.

Flow Data

[0064] For example, according to embodiments, data
processing module 222 may be configured to monitor
inspiratory and expiratory flow. Flow may be measured
by any appropriate, internal or distributed device or sen-
sor within the ventilatory system. As described above,
flowmeters may be employed by the ventilatory system

to detect circuit flow. However, any suitable device either
known or developed in the future may be used for de-
tecting airflow in the ventilatory circuit.
[0065] Data processing module 222 may be further
configured to plot monitored flow data graphically via any
suitable means. For example, according to embodi-
ments, flow data may be plotted versus time (flow wave-
form), versus volume (flow-volume loop), or versus any
other suitable parameter as may be useful to a clinician.
According to embodiments, flow may be plotted such that
each breath may be independently identified. Further,
flow may be plotted such that inspiratory flow and expir-
atory flow may be independently identified, e.g., inspira-
tory flow may be represented in one color and expiratory
flow may be represented in another color. According to
additional embodiments, flow waveforms and flow-vol-
ume loops, for example, may be represented alongside
additional graphical representations, e.g., representa-
tions of volume, pressure, etc., such that clinicians may
substantially simultaneously visualize a variety of venti-
latory parameters associated with each breath.
[0066] As may be appreciated, flow decreases as re-
sistance increases, making it more difficult to pass gases
into and out of the lungs (i.e., F = Pt / R). For example,
when a patient is intubated, i.e., having either an endotra-
cheal or a tracheostomy tube in place, resistance may
be increased as a result of the smaller diameter of the
tube over a patient’s natural airway. In addition, in-
creased resistance may be observed in patients with ob-
structive disorders, such as COPD, asthma, etc. Higher
resistance may necessitate, inter alia, a higher inspira-
tory time setting (TI) for delivering a prescribed pressure
or volume of gases, a higher flow setting for delivering
prescribed pressure or volume, a lower respiratory rate
resulting in a higher expiratory time (TE) for complete
exhalation of gases, etc.
[0067] Specifically, changes in flow may be detected
by evaluating various flow data. For example, by evalu-
ating FV loops, as described above, an increase in re-
sistance may be detected over a number of breaths. That
is, upon comparing consecutive FV loops, the expiratory
plot for each FV loop may reflect a progressive reduction
in expiratory flow (i.e., a smaller FV loop), indicative of
increasing resistance. According to other embodiments,
an evaluation of end-expiratory flow (EEF) may be used
to detect Auto-PEEP, as described further herein. For
example, if EEF has not reduced to zero before inspira-
tion begins, this may indicate that gases may still be
trapped in the lungs (e.g., insufficient TE to return to FRC
or elevated FRC).

Pressure Data

[0068] According to embodiments, data processing
module 222 may be configured to monitor pressure.
Pressure may be measured by any appropriate, internal
or distributed device or sensor within the ventilatory sys-
tem. For example, pressure may be monitored by prox-
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imal electromechanical transducers connected near the
airway opening (e.g., on the inspiratory limb, expiratory
limb, at the patient interface, etc.). Alternatively, pressure
may be monitored distally, at or near the lungs and/or
diaphragm of the patient.
[0069] For example, PPeak and/or PPlat (estimating Pa)
may be measured proximally (e.g., at or near the airway
opening) via single-point pressure measurements. Ac-
cording to embodiments, PPlat (estimating Pa) may be
measured during an inspiratory pause maneuver (e.g.,
expiratory and inspiratory valves are closed briefly at the
end of inspiration for measuring the PPlat at zero flow).
According to other embodiments, circuit pressure may
be measured during an expiratory pause maneuver (e.g.,
expiratory and inspiratory valves are closed briefly at the
end of expiration for measuring EEP at zero flow). In this
case, set PEEP may be subtracted from measured EEP
for detecting Auto-PEEP. Alternatively, Pa may be distally
measured (e.g., at or near the lungs and/or diaphragm)
via multiple-point pressure measurements. This method
may also be useful for detecting Auto-PEEP at the end
of expiration. According to some embodiments, trigger-
ing patients may need to be sedated before taking some
of the above-described pressure measurements.
[0070] Data processing module 222 may be further
configured to plot monitored pressure data graphically
via any suitable means. For example, according to em-
bodiments, pressure data may be plotted versus time
(pressure waveform), versus volume (pressure-volume
loop or PV loop), or versus any other suitable parameter
as may be useful to a clinician. According to embodi-
ments, pressure may be plotted such that each breath
may be independently identified. Further, pressure may
be plotted such that inspiratory pressure and expiratory
pressure may be independently identified, e.g., inspira-
tory pressure may be represented in one color and ex-
piratory pressure may be represented in another color.
According to additional embodiments, pressure wave-
forms and PV loops, for example, may be represented
alongside additional graphical representations, e.g., rep-
resentations of volume, flow, etc., such that a clinician
may substantially simultaneously visualize a variety of
parameters associated with each breath.
[0071] According to embodiments, PV loops may pro-
vide useful clinical and diagnostic information to clini-
cians regarding the respiratory resistance or compliance
of a patient. Specifically, upon comparing PV loops from
successive breaths, an increase in resistance may be
detected when successive PV loops shorten and widen
over time. That is, at constant pressure, less volume is
delivered to the lungs when resistance is increasing, re-
sulting in a shorter, wider PV loop. According to alterna-
tive embodiments, a PV loop may provide a visual rep-
resentation, in the area between the inspiratory plot of
pressure vs. volume and the expiratory plot of pressure
vs. volume, which is indicative of respiratory compliance.
Further, PV loops may be compared to one another to
determine whether compliance has changed. Addition-

ally or alternatively, optimal compliance may be deter-
mined. That is, optimal compliance may correspond to
the dynamic compliance determined from a PV loop dur-
ing a recruitment maneuver, for example.
[0072] According to additional embodiments, PV
curves may be used to compare CS and CD over a
number of breaths. For example, a first PV curve may be
plotted for CS (based on PPlat less EEP) and a second
PV curve may be plotted for CD (based on PPeak less
EEP). Under normal conditions, CS and CD curves may
be very similar, with the CD curve mimicking the CS curve
but shifted to the right (i.e., plotted at higher pressure).
However, in some cases the CD curve may flatten out
and shift to the right relative to the CS curve. This graph-
ical representation may illustrate increasing Pt, and thus
increasing R, which may be due to mucous plugging or
bronchospasm, for example. In other cases, both the CD
curve and the CS curves may flatten out and shift to the
right. This graphical representation may illustrate an in-
crease in PPeak and PPlat, without an increase in Pt, and
thus may implicate a decrease in lung compliance, which
may be due to tension pneumothorax, atelectasis, pul-
monary edema, pneumonia, bronchial intubation, etc.
[0073] As may be further appreciated, relationships
between resistance, static compliance, dynamic compli-
ance, and various pressure readings may give indica-
tions of patient condition. For example, when CS increas-
es, CD increases and, similarly, when R increases, CD
increases. Additionally, as discussed previously, Pt rep-
resents the difference in pressure attributable to resistive
forces over elastic forces. Thus, where PPeak and Pt are
increasing with constant VT delivery, R is increasing (i.e.,
where PPeak is increasing without a concomitant increase
in PPlat). Where Pt is roughly constant, but where PPeak
and PPlat are increasing with a constant VT delivery, CS
is increasing.

Volume Data

[0074] According to embodiments, data processing
module 222 may be configured to derive volume via any
suitable means. For example, as described above, during
volume ventilation, a prescribed VT may be set for deliv-
ery to the patient. The actual volume delivered may be
derived by monitoring the inspiratory flow over time (i.e.,
V = F*T). Stated differently, integration of flow over time
will yield volume. According to embodiments, VT is com-
pletely delivered upon reaching TI. Similarly, the expira-
tory flow may be monitored such that expired tidal volume
(VTE) may be derived. That is, under ordinary conditions,
upon reaching the TE, the prescribed VI delivered should
be completely exhaled and FRC should be reached.
However, under some conditions TE is inadequate for
complete exhalation and FRC is not reached.
[0075] Data processing module 222 may be further
configured to plot derived volume data graphically via
any suitable means. For example, according to embod-
iments, volume data may be plotted versus time (volume
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waveform), versus flow (flow-volume loop or FV loop), or
versus any other suitable parameter as may be useful to
a clinician. According to embodiments, volume may be
plotted such that each breath may be independently iden-
tified. Further, volume may be plotted such that pre-
scribed VT and VTE may be independently identified, e.g.,
prescribed VT may be represented in one color and VTE
may be represented in another color. According to addi-
tional embodiments, volume waveforms and FV loops,
for example, may be represented alongside additional
graphical representations, e.g., representations of pres-
sure, flow, etc., such that a clinician may substantially
simultaneously visualize a variety of parameters associ-
ated with each breath.

Auto-PEEP Detection

[0076] Ventilator 202 may further include an Auto-
PEEP detection module 224. As described above, the
pressure from which a ventilator initiates inspiration is
termed the end-expiratory pressure (EEP) and, when
EEP is positive, it is termed positive end-expiratory pres-
sure (PEEP). PEEP may be prescribed by a clinician for
various reasons. For example, for some patients (e.g.,
ARDS patients), PEEP may be prescribed for supporting
oxygenation and preventing alveolar collapse at the end
of expiration. PEEP may also allow a reduction of F1O2
(fraction inspired oxygen) to safe levels. However, in
some cases, additional gases, i.e., in addition to the pre-
scribed PEEP, may be trapped in the lungs at the end of
expiration. This condition may be commonly referred to
as Auto-PEEP, or intrinsic PEEP. That is, at the end of
expiration, when PEEP is prescribed, EEP is equal to
PEEP plus Auto-PEEP; and, where PEEP is not pre-
scribed, EEP is equal to Auto-PEEP.
[0077] More specifically, in some cases, Auto-PEEP
may result when the lungs are not sufficiently emptied
during expiration before inspiration is initiated. For ex-
ample, during pressure ventilation of a non-triggering pa-
tient, the ventilator may regulate transitions between in-
spiration and expiration and between expiration and in-
spiration as well as the respiratory rate (RR), inspiratory
pressure (and consequently VT), etc. In this case, gas-
trapping may result when set RR is too high, when in-
spiratory pressure (and consequently VT) is too high, TI
is too long and/or TE is too short, etc. Alternatively, during
pressure ventilation of a triggering patient, the patient
triggers the transition between expiration and inspiration,
i.e., patient-regulated RR. In this case, gas-trapping may
result when inspiration is triggered by the patient before
expiration is complete, e.g., when inspiratory pressure
(and consequently VT) is too high, TI is too long (resulting
in TE being insufficient before patient-triggering occurs).
Specifically, when incomplete exhalation occurs, gases
may be trapped in the lungs, resulting in an increased
FRC. Indeed, with each breath, additional gases may be
trapped and, not surprisingly, Auto-PEEP has been
linked to barotrauma and an increase in the work of

breathing (WOB), among other conditions.
[0078] Barotrauma may result from the over-distension
of alveoli, which may cause disruption of the alveolar
epithelium. Further, as pressure in the alveoli increases,
some alveoli may rupture, allowing gases to seep into
the perivascular sheath and into the mediastinum. This
condition may be referred to as pulmonary interstitial em-
physema (PIE). Further complications associated with
PIE may result in a pneumothorax (i.e., partial to com-
plete collapse of a lung due to gases collected in the
pleural cavity). Additionally or alternatively, Auto-PEEP
has been associated with impeded venous return, which
may lead to reduced cardiac output. Patients suffering
from acute respiratory distress syndrome (ARDS) or
acute lung injury (ALI) may be especially susceptible to
Auto-PEEP. The work of breathing (WOB) refers to the
amount of energy required to inhale, i.e., against forces
that oppose inspiration as described above. For sponta-
neously-breathing patients, an increased WOB may lead
to exhaustion of the respiratory muscles. Indeed, an in-
creased WOB may further damage and/or compromise
a patient’s ability to provide at least some muscular effort
during respiration - potentially extending their time on
ventilation.
[0079] According to embodiments, Auto-PEEP may
occur as a result of various patient conditions and/or in-
appropriate ventilatory settings. Thus, according to em-
bodiments, Auto-PEEP detection module 224 may eval-
uate various ventilatory parameter data based on one or
more predetermined thresholds to detect the presence
of Auto PEEP. For example, the Auto-PEEP detection
module 224 may evaluate expiratory flow on a flow wave-
form, or flow trace, to determine whether EEF has
reached zero before inspiration begins. That is, if EEF
breaches a predetermined threshold (e.g., EEF exceeds
about 5 L/m), the pressure gradient between the patient’s
lungs and the ambient surface pressure has likely not
reached zero. As such, it is likely that gases have not
been completely exhaled. This condition may occur when
inspiration is initiated automatically by the ventilator (e.g.,
for a non-triggering patient) or when inspiration is initiated
via patient triggering (e.g., for a spontaneously-breathing
patient). If this situation occurs over several breaths, it
may implicate trapping of gases, or Auto-PEEP. Thus,
when EEF is positive (i.e., breaches the predetermined
threshold) for several consecutive or substantially con-
secutive breaths (e.g., positive EEF detected three or
more times in ten consecutive breaths), the Auto-PEEP
detection module 224 may detect an implication of Auto-
PEEP. As may be appreciated, the threshold values dis-
closed herein are provided as examples only. Indeed,
threshold values may be determined via any suitable
standard protocol or otherwise. Alternatively, threshold
values may be determined and configured for a specific
patient according to a specific prescription or otherwise.
[0080] According to further embodiments, Auto-PEEP
detection module 224 may evaluate expiratory flow on a
flow trace to detect patient effort for a triggering patient.
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That is, by evaluating the slope of the expiratory flow
curve, the Auto-PEEP detection module 224 may deter-
mine that the patient attempted to trigger while the patient
was still actively exhaling. That is, if TI is set too high, TE
may not be long enough for complete exhalation. There-
after, a triggering patient may attempt to initiate another
inspiration prior to complete exhalation of gases, poten-
tially trapping gases in the lungs. Thus, when patient trig-
gering is detected during active exhalation, the Auto-
PEEP detection module 224 may detect an implication
of Auto-PEEP.
[0081] According to further embodiments, Auto-PEEP
detection module 224 may calculate an I:E ratio for a
patient. According to embodiments, a normal patient
(e.g., with a normal TI and a normal RR for the patient’s
PBW) may have an I:E ratio of about 1:2 to 1:3. That is,
under normal conditions, it may be desirable for the TE
to be about double or triple (or greater) the set TI. How-
ever, under some circumstances the length of the TE ap-
proaches the set TI. For instance, if set RR is too high
(for a non-triggering patient), TE may be too short and
may not allow for complete exhalation. Alternatively,
when inspiratory pressure is too high (causing increased
delivered volume), TE may be too short and may not allow
for complete exhalation of the increased delivered vol-
ume. As described previously, when TE is too short, gas-
trapping may occur at the end of expiration causing Auto-
PEEP. Thus, in cases where the I:E ratio is greater than
1:2 (i.e., approaching 1:1 or approaching an inverse ratio,
e.g., 2:1) the Auto-PEEP detection module 224 may de-
tect an implication of Auto-PEEP.
[0082] According to further embodiments, Auto-PEEP
detection module 224 may utilize the flow waveform to
evaluate inspiratory flow based on one or more prede-
termined thresholds. For example, if pressure exists in
the lungs (e.g., due to Auto-PEEP), gases may not begin
to flow into the lungs until the pressure in the mouth ex-
ceeds the lung pressure (i.e., until a pressure gradient is
established). That is, inspiratory flow may be slowed at
the beginning of inspiration if Auto-PEEP is present. As
such, the Auto-PEEP detection module 224 may be con-
figured to detect whether inspiratory flow fails to exceed
a predetermined threshold within a certain amount of time
after initiation of inspiration (e.g., as automatically initiat-
ed by the ventilator based on parameter settings for a
non-triggering patient or initiated based on ventilator de-
tection of patient effort and/or neural indications for a
triggering patient). Thus, when inspiratory flow breaches
a predetermined threshold at the beginning of inspiration,
the Auto-PEEP detection module 224 may detect an im-
plication of Auto-PEEP.
[0083] According to further embodiments, Auto-PEEP
detection module 224 may evaluate various ventilatory
parameters to determine whether respiratory resistance
is increasing. As described previously, increased resist-
ance may cause a decrease in flow. Consequently, TE
may not be adequate for complete exhalation to FRC.
Resistance may increase for a number of reasons, as

listed above, including ascites (fluid build-up in the peri-
toneal cavity surrounding the lungs that may increase
viscous tissue resistance), chronic obstructive pulmo-
nary disease (COPD), asthma, emphysema, mucous
blockage, or otherwise. In some cases, a clinician may
be aware of a patient’s obstructive condition; however,
it may be desirable for the ventilator to detect whether
an obstructive disorder is worsening. Alternatively, it may
be desirable for the ventilator to detect whether an ob-
structive disorder developing or whether resistance is in-
creasing for some other reason.
[0084] For example, Auto-PEEP detection module 224
may monitor ventilatory data based on one or more pre-
determined thresholds to determine whether respiratory
resistance is increasing. For example, where Pt is in-
creasing with constant VT delivery, resistance may be
increasing. Further, where flow is decreasing with con-
stant Pt, resistance may be increasing (i.e., R = Pt / F).
For example, if resistance increases by a predetermined
threshold, Auto-PEEP may be implicated (e.g., resist-
ance increases by about 5 cm H2O/L/s or more). As may
be appreciated, the threshold values disclosed herein
are provided as examples only. Indeed, threshold values
may be determined via any suitable standard protocol or
otherwise. Alternatively, threshold values may be deter-
mined and configured for a specific patient according to
a specific prescription or otherwise.
[0085] Alternatively, the Auto-PEEP detection module
224 may evaluate PV curves to compare CS and CD over
a number of breaths to detect whether resistance is in-
creasing, as described above. That is, when the CD curve
flattens out and shifts to the right relative to the CS curve,
this may indicate that Pt is increasing and, thus, that re-
sistance is increasing. Generally, based on the above
evaluations, an inspiratory resistance may be trended
over a period of time. However, according to other em-
bodiments, expiratory resistance may also be evaluated.
For example, by comparing consecutive FV loops, an
expiratory plot for each FV loop may reflect a progressive
reduction in expiratory flow indicative of increasing re-
sistance. Consequently, if TE is not long enough for com-
plete exhalation at the decreased flow, gases may be
trapped in the lungs.
[0086] Alternatively, the Auto-PEEP detection module
224 may evaluate PV loops from successive breaths to
detect an increase in resistance. For example, increased
resistance may be detected when successive PV loops
shorten and widen over time. That is, at constant pres-
sure, less volume is delivered to the lungs when resist-
ance is increasing, resulting in a shorter, wider PV loop.
[0087] Alternatively, the Auto-PEEP detection module
224 may evaluate the expiratory limb resistance of the
patient circuit to detect increased resistance. Where re-
sistance of the expiratory limb breaches a predetermined
threshold, the ventilator may recommend that the clini-
cian check the exhalation filter for mucous or other ob-
struction that may be causing elevated expiratory limb
resistance. According to further embodiments, as in-
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creased expiratory limb resistance may prevent com-
plete exhalation, Auto-PEEP may be implicated.
[0088] As may be appreciated from the above exam-
ples, an increase in resistance may be detected by eval-
uating graphical data in the form of PV curves, PV loops
and/or FV loops. That is, the ventilator may determine
that resistance has increased by evaluating changes in
the graphical data and/or changes in the underlying data
corresponding to the graphical data. Alternatively, an in-
crease in resistance may be detected by calculation, e.g.,
by measuring flow and pressure and by calculating re-
sistance (i.e., where compliance is constant). However,
according to embodiments, when increased resistance
is detected via any suitable method, the Auto-PEEP de-
tection module 224 may detect an implication of Auto-
PEEP.
[0089] According to further embodiments, Auto-PEEP
detection module 224 may evaluate various ventilatory
parameters to determine whether respiratory compliance
is increasing. That is, when elastance decreases (e.g.,
forces opposing lung inflation), it may require less pres-
sure to deliver a particular volume (i.e., Δ V = C*Δ P).
Consequently, additional volume may be delivered at
constant pressure and may over-distend the lungs and/or
result in gas-trapping. For example, Auto-PEEP detec-
tion module 224 may evaluate PV loops based on one
or more predetermined thresholds to detect whether
compliance is increasing, i.e., by comparing the area be-
tween the inspiratory plot of pressure vs. volume and the
expiratory plot of pressure vs. volume over a number of
breaths. According to alternative embodiments, Auto-
PEEP detection module 224 may evaluate PV curves to
compare CS and CD over a number of breaths, as de-
scribed above. That is, where both the CD curve and the
Cs curve straighten and shift to the left (e.g., illustrating
decreasing PPeak and PPlat) compliance may be increas-
ing. Alternatively, the ventilator may be configured with
a predetermined threshold increase for compliance (e.g.,
an increase of about 10 mL/cmH2O or more), such that
Auto-PEEP may be implicated when compliance breach-
es the predetermined threshold increase. That is, if com-
pliance increases, less pressure may be required to de-
liver a prescribed VT and/or lower TI may be required to
deliver the prescribed VT. Thus, if adjustments are not
made, Auto-PEEP may result.
[0090] As may be appreciated from the above exam-
ples, an increase in compliance may be detected by eval-
uating graphical data associated with PV loops or PV
curves. That is, the ventilator may determine that com-
pliance has increased by evaluating changes in the
graphical data and/or changes in the underlying data cor-
responding to the graphical data. Alternatively, an in-
crease in compliance may be calculated, e.g., by deter-
mining VT, PPlat, and EEP to calculate CS or by deter-
mining VT, PPeah and EEP to calculate CD. In either case,
when increased compliance is detected, the Auto-PEEP
detection module 224 may detect an implication of Auto-
PEEP.

[0091] According to further embodiments, the Auto-
PEEP detection module 224 may calculate the pulmo-
nary time constant by multiplying resistance (e.g., expir-
atory resistance) by compliance for a particular patient.
Additionally, the Auto-PEEP detection module 224 may
trend TE over multiple breaths. When TE is less than a
predetermined number of pulmonary time constants, TE
may not be adequate for complete exhalation and the
Auto-PEEP detection module 224 may detect an impli-
cation of Auto-PEEP.
[0092] According to alternative embodiments, the Au-
to-PEEP detection module 224 may trend TE over mul-
tiple breaths based on one or more predetermined
thresholds to detect whether TE is limited for a triggering
patient. For example, if the patient-regulated respiratory
rate (RR) is too high or TI is too high, the TE may be
limited. That is, for a triggering patient, TE may not be
long enough to reach FRC before inspiration is triggered,
potentially resulting in Auto-PEEP. For a non-triggering
patient, the RR setting may be set too high such that TE
is not long enough to reach FRC before the ventilator
initiates inspiration. According to embodiments, a time
required to reach FRC may be calculated, e.g., based on
inspiratory pressure (or VT) and resistance and compli-
ance data. The time required to reach FRC may then be
compared to TE to determine whether the time required
to reach FRC is greater than TE. When the time required
to reach FRC is greater than TE by a predetermined
threshold, for instance, it may be determined that TE is
limited. Further, when limited TE is detected, the Auto-
PEEP detection module 224 may detect an implication
of Auto-PEEP.
[0093] According to further embodiments, the Auto-
PEEP detection module 224 may evaluate data from an
expiratory-pause maneuver. For example, an expiratory-
pause maneuver may be conducted manually by a clini-
cian or automatically at certain intervals during ventila-
tion. During the expiratory-pause maneuver, expiratory
and inspiratory valves may be momentarily shut at the
end of expiration. For example, when the end-expiratory
pressure (EEP) reading in the circuit exceeds set PEEP
by a threshold amount (e.g., about 5 cm H2O above set
PEEP), the presence of Auto-PEEP may be implicated.
According to alternative embodiments, EEP readings
may be taken by sensors at or near the patient’s lungs
and/or diaphragm to determine the presence of Auto-
PEEP. Note that it is preferable that the patient be se-
dated or non-triggering for these measurements to be
accurate. Thus, when EEP is greater than set PEEP at
the end of expiration for a threshold number of breaths
(e.g., three or more times in ten consecutive breaths),
the Auto-PEEP detection module 224 may determine that
Auto-PEEP is implicated.
[0094] As may be appreciated, the threshold values
disclosed herein are provided as examples only. Indeed,
threshold values may be determined via any suitable
standard protocol or otherwise. Alternatively, threshold
values may be determined and configured for a specific
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patient according to a specific prescription or otherwise.
[0095] Further, as may be appreciated, an implication
of Auto-PEEP may be detected by one or more of the
above methods during pressure ventilation. That is, ac-
cording to embodiments of the present disclosure, an
implication of Auto-PEEP may be detected by one of the
above methods, by a combination of two or more of the
above methods, or by any other suitable means.

Smart-Prompt Generation

[0096] Ventilator 202 may further include a smart
prompt module 226. As described above, the presence
of Auto-PEEP may be very difficult for a clinician to detect.
As may be appreciated, multiple ventilatory parameters
may be monitored and evaluated in order to detect an
implication of Auto-PEEP. In addition, when Auto-PEEP
is implicated, many clinicians may not be aware of ad-
justments to ventilatory parameters that may reduce or
eliminate Auto-PEEP. As such, upon detection of Auto-
PEEP, the smart prompt module 226 may be configured
to notify the clinician that Auto-PEEP is implicated and/or
to provide recommendations to the clinician for mitigating
Auto-PEEP. For example, smart prompt module 226 may
be configured to notify the clinician by displaying a smart
prompt on display monitor 204 and/or within a window of
the GUI. According to additional embodiments, the smart
prompt may be communicated to and/or displayed on a
remote monitoring system communicatively coupled to
ventilatory system 200. Alternatively, in an automated
embodiment, the smart prompt module 226 may com-
municate with a ventilator control system so that the rec-
ommendation may be automatically implemented to mit-
igate Auto-PEEP.
[0097] In order to accomplish the various aspects of
the notification and/or recommendation message dis-
play, the smart prompt module 226 may communicate
with various other components and/or modules. For in-
stance, smart prompt module 226 may be in communi-
cation with data processing module 222, Auto-PEEP de-
tection module 224, or any other suitable module or com-
ponent of the ventilatory system 200. That is, smart
prompt module 226 may receive an indication that Auto-
PEEP has been implicated by any suitable means. In
addition, smart prompt module 226 may receive informa-
tion regarding one or more parameters that implicated
the presence of Auto-PEEP and information regarding
the patient’s ventilatory settings and treatment. Further,
according to some embodiments, the smart prompt mod-
ule 226 may have access to a patient’s diagnostic infor-
mation (e.g., regarding whether the patient has ARDS,
COPD, asthma, emphysema, or any other disease, dis-
order, or condition).
[0098] Smart prompt module 226 may further comprise
additional modules for making notifications and/or rec-
ommendations to a clinician regarding the presence of
Auto-PEEP. For example, according to embodiments,
smart prompt module 226 may include a notification mod-

ule 228 and a recommendation module 230. For in-
stance, smart prompts may be provided according to a
hierarchical structure such that a notification messages
and/or a recommendation message may be initially pre-
sented in summarized form and, upon clinician selection,
an additional detailed notification and/or recommenda-
tion message may be displayed. According to alternative
embodiments, a notification message may be initially pre-
sented and, upon clinician selection, a recommendation
message may be displayed. Alternatively or additionally,
the notification message may be simultaneously dis-
played with the recommendation message in any suitable
format or configuration.
[0099] Specifically, according to embodiments, the no-
tification message may alert the clinician as to the detec-
tion of a patient condition, a change in patient condition,
or an effectiveness of ventilatory treatment. For example,
the notification message may alert the clinician that Auto-
PEEP has been detected. The notification message may
further alert the clinician regarding the particular ventila-
tory parameter(s) that implicated Auto-PEEP (e.g., pos-
itive EEF over the last n breaths, increased resistance,
etc.)
[0100] Additionally, according to embodiments, the
recommendation message may provide various sugges-
tions to the clinician for addressing a detected condition.
That is, if Auto-PEEP has been detected, the recommen-
dation message may suggest that the clinician reduce
inspiratory pressure (to lower delivered VT) such that TE
may be sufficient to completely exhale VT, decrease set
TI to increase TE, decrease set RR (for a non-triggering
patient) to increase TE, etc. Additionally or alternatively,
the recommendation message may be based on the par-
ticular ventilatory parameter(s) that implicated Auto-
PEEP. Additionally or alternatively, the recommendation
message may be based on current ventilatory settings
such that suggestions are directed to a particular pa-
tient’s treatment. Additionally or alternatively, the recom-
mendation message may be based on a diagnosis and/or
other patient attributes. Further still, the recommendation
message may include a primary recommendation mes-
sage and a secondary recommendation message.
[0101] As described above, smart prompt module 226
may also be configured with notification module 228 and
recommendation module 230. The notification module
228 may be in communication with data processing mod-
ule 222, Auto-PEEP detection module 224, or any other
suitable module to receive an indication that Auto-PEEP
has been detected. Notification module 228 may be re-
sponsible for generating a notification message via any
suitable means. For example, the notification message
may be provided as a tab, banner, dialog box, or other
similar type of display. Further, the notification messages
may be provided along a border of the graphical user
interface, near an alarm display or bar, or in any other
suitable location. A shape and size of the notification
message may further be optimized for easy viewing with
minimal interference to other ventilatory displays. The
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notification message may be further configured with a
combination of icons and text such that the clinician may
readily identify the message as a notification message.
[0102] The recommendation module 230 may be re-
sponsible for generating one or more recommendation
messages via any suitable means. The one or more rec-
ommendation messages may provide suggestions and
information regarding addressing a detected condition
and may be accessible from the notification message.
For example, the one or more recommendation messag-
es may identify the parameters that implicated the de-
tected condition, may provide suggestions for adjusting
one or more ventilatory parameters to address the de-
tected condition, may provide suggestions for checking
ventilatory equipment or patient position, or may provide
other helpful information. Specifically, the one or more
recommendation messages may provide suggestions
and information regarding Auto-PEEP.
[0103] According to embodiments, based on the par-
ticular parameters that implicated Auto-PEEP, the rec-
ommendation module may provide suggestions for ad-
dressing Auto-PEEP. That is, if Auto-PEEP was impli-
cated by positive EEF over several breaths, the one or
more recommendation messages may include sugges-
tions for decreasing set TI such that TE may be increased,
adjusting settings such that EEF approximates zero, de-
creasing set RR (for a non-triggering patient) such that
TE may be increased, lowering inspiratory pressure (to
lower VT) such that TE may be adequate, etc. Alterna-
tively, if Auto-PEEP was implicated by increased resist-
ance, the one or more recommendation messages may
include suggestions for suctioning the patient interface,
adjusting patient position, delivering a bronchodialator or
other suitable medication, etc.
[0104] Alternately still, if Auto-PEEP was implicated by
increased compliance, the recommendation module may
provide one or more suggestions for addressing Auto-
PEEP. For instance, as noted above, when compliance
increases, less pressure is required to deliver a particular
VT. As such, when the ventilator detects that compliance
is increasing, the one or more recommendation messag-
es may suggest a corresponding decrease in inspiratory
pressure to maintain VT. Alternatively, when an increase
in VT is desirable for the patient having increased com-
pliance, the one or more recommendation messages
may suggest a corresponding decrease in set TI (in order
to increase TE) such that the increased VT may be com-
pletely exhaled.
[0105] Additionally or alternatively, the one or more
recommendation messages may also be based on cur-
rent ventilatory settings for the patient. For example, up-
on detecting Auto-PEEP via any suitable means, the ven-
tilator may also detect that the patient’s current ventila-
tory settings include a relatively low TI setting. In this
case, according to an embodiment, the one or more rec-
ommendation messages may not suggest decreasing
set TI. Alternatively, upon detecting Auto-PEEP via any
suitable means, the ventilator may also detect that a non-

triggering patient’s current ventilatory settings include a
relatively low RR setting. In this case, according to an
embodiment, the one or more recommendation messag-
es may not suggest decreasing set RR. Indeed, the ven-
tilator may evaluate settings for RR, TI, TE, I:E ratio, etc.,
to determine whether these settings are within a range
that may be appropriately changed, or not, in light of a
detection of Auto-PEEP.
[0106] Additionally or alternatively, the one or more
recommendation messages may be based on ventilatory
parameters as monitored by the ventilator for the patient.
According to an embodiment, when Auto-PEEP is impli-
cated by any suitable means, the ventilator may also de-
tect that the set TI is longer than necessary for delivering
VT. In this case, an inspiratory volume (VT) may be de-
livered that achieves and maintains the inspiratory pres-
sure prior to the end of TI. As a result, the ventilator may
detect that flow is about zero prior to the end of TI (i.e.,
pressure is equalized and gases are no longer flowing
into the lungs). Further, the ventilator may determine an
amount of time, t (e.g., in milliseconds, ms), from detec-
tion of about zero flow until TI ends. In some embodi-
ments, the one or more recommendation messages may
suggest decreasing TI by up to t such that TE may be
increased while maintaining VT. In other embodiments,
in cases where a clinician may desire to decrease TI by
more than t, the one or more recommendation messages
may suggest a corresponding increase in inspiratory
pressure to maintain VT when TI is decreased by more
than t.
[0107] Additionally or alternatively, the one or more
recommendation messages may be based on a patient’s
diagnosis or other clinical data. According to some em-
bodiments, if a patient has been diagnosed with COPD,
the ventilator may be configured with adjusted thresholds
such that sensitivity to resistance is increased (i.e., a low-
er predetermined threshold) or decreased (i.e., a higher
predetermined threshold) based on clinician input or oth-
erwise. According to some embodiments, if a patient has
been diagnosed with emphysema, the ventilator may be
configured with adjusted thresholds such that sensitivity
to compliance is increased (i.e., a lower predetermined
threshold) or decreased (i.e., a higher predetermined
threshold) based on clinician input or otherwise. Accord-
ing to other embodiments, if a patient has been diag-
nosed with ARDS, the ventilator may be aware that the
patient is at higher risk for Auto-PEEP and may config-
ured with increased sensitivity for detecting implications
of Auto-PEEP. Alternatively, Auto-PEEP may be desira-
ble for an ARDS patient (e.g., preventing alveolar col-
lapse and increasing oxygenation) and the ventilator may
be configured with decreased sensitivity for detecting im-
plications of Auto-PEEP. When Auto-PEEP is detected,
the one or more recommendation messages may include
suggesting decreasing set RR (for a non-triggering pa-
tient) to increase TE, decreasing set TI to increase TE,
decreasing inspiratory pressure (to reduce delivered VT)
such that TE may be sufficient to completely exhale the
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delivered VT, etc.
[0108] According to still other embodiments, the rec-
ommendation message may include a primary message
and a secondary message. That is, a primary message
may provide suggestions that are specifically targeted to
the detected condition based on the particular parame-
ters that implicated the condition. Alternatively, the pri-
mary message may provide suggestions that may pro-
vide a higher likelihood of mitigating the detected condi-
tion. The secondary message may provide more general
suggestions and/or information that may aid the clinician
in further addressing and/or mitigating the detected con-
dition. For example, the primary message may provide
a specific suggestion for adjusting a particular parameter
to mitigate the detected condition (e.g., consider de-
creasing TI, consider adjusting settings such that EEF
approximates zero). Alternatively, the secondary mes-
sage may provide general suggestions for addressing
the detected condition (e.g., consider other steps for pro-
viding adequate TE, such as decreasing inspiratory pres-
sure to decrease delivered VT so that TE may be ade-
quate to completely exhale the delivered VT).
[0109] Smart prompt module 226 may also be config-
ured such that notification and/or recommendation mes-
sages may be displayed in a partially transparent window
or format. The transparency may allow for notification
and/or recommendation messages to be displayed such
that normal ventilator GUI and respiratory data may be
visualized behind the messages. This feature may be
particularly useful for displaying detailed messages. As
described previously, notification and/or recommenda-
tion messages may be displayed in areas of the display
screen that are either blank or that cause minimal dis-
traction from the respiratory data and other graphical rep-
resentations provided by the GUI. However, upon selec-
tive expansion of a message, respiratory data and graphs
may be at least partially obscured. As a result, translucent
display may provide the detailed message such that it is
partially transparent. Thus, graphical and other data may
be visible behind the detailed alarm message.
[0110] Additionally, notification and/or recommenda-
tion messages may provide immediate access to the dis-
play and/or settings screens associated with the detected
condition. For example, an associated parameter set-
tings screen may be accessed from a notification and/or
a recommendation message via a hyperlink such that
the clinician may address the detected condition as nec-
essary. An associated parameter display screen may al-
so be accessed such that the clinician may view clinical
data associated with the detected condition in the form
of charts, graphs, or otherwise. That is, according to em-
bodiments, the clinician may access the ventilatory data
that implicated the detected condition for verification pur-
poses. For example, when Auto-PEEP has been impli-
cated, depending on the particular ventilatory parame-
ters that implicated Auto-PEEP, the clinician may be able
to access ventilatory settings for addressing Auto-PEEP
(e.g., a settings screen for adjusting inspiratory pressure,

TI, etc.) and/or to view associated ventilatory parameters
that implicated Auto-PEEP (e.g., a graphics screen dis-
playing historical flow waveforms, volume waveforms,
and/or pressure waveforms that gave rise to implications
of Auto-PEEP).
[0111] According to embodiments, upon viewing the
notification and/or recommendation messages, upon ad-
dressing the detected condition by adjusting one or more
ventilatory settings or otherwise, or upon manual selec-
tion, the notification and/or recommendation messages
may be cleared from the graphical user interface.

Auto-PEEP Detection during Pressure Ventilation

[0112] FIG. 3 is a flow chart illustrating an embodiment
of a method for detecting an implication of Auto-PEEP.
[0113] As should be appreciated, the particular steps
and methods described herein are not exclusive and, as
will be understood by those skilled in the art, the particular
ordering of steps as described herein is not intended to
limit the method, e.g., steps may be performed in differing
order, additional steps may be performed, and disclosed
steps may be excluded without departing from the spirit
of the present methods.
[0114] The illustrated embodiment of the method 300
depicts a method for detecting Auto-PEEP during pres-
sure ventilation. According to embodiments described
herein, pressure ventilation may generally include pres-
sure-control ventilation (PCV), bi-level (BL) pressure
ventilation, or volume-targeted-pressure-controlled
(VC+) ventilation.
[0115] Method 300 begins with an initiate ventilation
setup operation 302. Initiate ventilation setup operation
302 may further include various additional operations.
For example, initiate ventilation setup operation 302 may
include receiving one or more ventilatory settings asso-
ciated with ventilation of a patient (e.g., at receive settings
operation 304). For example, the ventilator may be con-
figured to provide pressure ventilation to a triggering pa-
tient. As such, the ventilatory settings and/or input re-
ceived may include an inspiratory pressure (or target in-
spiratory pressure), predicted or ideal body weight (PBW
or IBW), etc. According to alternative embodiments, the
ventilator may be configured to provide pressure venti-
lation to a non-triggering patient. As such, the ventilatory
settings and/or input received may include an inspiratory
pressure, set RR, predicted or ideal body weight (PBW
or IBW), etc. According to some embodiments, a predict-
ed TE and a predicted TI may be determined for either a
triggering or a non-triggering patient based on normal
respiratory and compliance values or value ranges based
on the patient’s PBW or IBW.
[0116] According to some embodiments, initiate ven-
tilation setup operation 302 may further include receiving
diagnostic information regarding the patient (e.g., at re-
ceive diagnosis operation 306, represented with dashed
lines to identify the operation as optional). For example,
according to embodiments, the clinician may indicate that
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the patient has been diagnosed with ARDS, COPD, em-
physema, asthma, etc. The ventilator may be further con-
figured to associate a patient diagnosis with various con-
ditions (e.g., increased resistance associated with
COPD, increased likelihood of alveolar collapse associ-
ated with ARDS, etc.).
[0117] At deliver ventilation operation 308, the ventila-
tor provides pressure ventilation to the patient, as de-
scribed above. That is, according to embodiments, the
ventilator provides ventilation based on an inspiratory
pressure. For example, during an inspiratory phase, the
ventilator may deliver gases to the patient by delivering
a set inspiratory pressure at the mouth of the patient for
a period of time, i.e., set inspiratory time (TI). As de-
scribed above, upon delivering an inspiratory volume that
achieves and maintains the inspiratory pressure, gases
will no longer flow into the lungs. Thus, in some cases,
when inspiratory volume is delivered prior to reaching
the end of TI, the ventilator may detect that flow is about
zero. According to further embodiments, the ventilator
may initiate an expiratory phase when TI ends. For a
triggering patient, the ventilator may detect patient effort
during the expiratory phase via any suitable means. For
example, the ventilator may detect a slight drop in flow
and/or pressure that may be interpreted as a patient trig-
ger and the ventilator may consequently initiate a next
inspiratory phase by delivering gases to the patient. For
a non-triggering patient, the ventilator may initiate a next
inspiratory phase based on set RR, for example.
[0118] While pressure ventilation is being delivered,
the ventilator may conduct various data processing op-
erations. For example, at data processing operation 310,
the ventilator may collect and/or derive various ventila-
tory parameter data associated with pressure ventilation
of a patient. For example, as described above, the ven-
tilator may collect data regarding flow and pressure pa-
rameters. Additionally, the ventilator may derive various
ventilatory parameter data based on the collected data,
e.g., volume, pressure, respiratory resistance, respirato-
ry compliance, etc. Additionally, the ventilator may gen-
erate various graphical representations of the collected
and/or derived ventilatory parameter data, e.g., flow
waveforms, pressure waveforms, pressure-volume
loops, flow-volume loops, etc.
[0119] At analyze operation 312, the ventilator may
evaluate collected and/or derived data to determine
whether a certain patient condition exists. For example,
according to embodiments, the ventilator may evaluate
the various collected and derived parameter data, includ-
ing EEF, TE, EEP, respiratory resistance and/or compli-
ance, Pa, patient effort, etc., based on one or more pre-
determined thresholds. According to embodiments, the
ventilator may further evaluate the ventilatory parameter
data in light of the patient’s specific parameter settings,
including inspiratory pressure, set TI, set RR (for a non-
triggering patient), etc., and/or the patient’s diagnostic
information.
[0120] According to some embodiments, at detect Au-

to-PEEP operation 314 the ventilator may determine
whether Auto-PEEP is implicated based on evaluating
EEF at analyze operation 312. For example, according
to embodiments, the ventilator may be configured with a
threshold value for EEF. For example, if EEF is greater
than or equal to about 5 L/m when inspiration is initiated,
the threshold may be breached and positive EEF may
be detected (e.g., when EEF is greater than or equal to
5 L/m). Further, according to embodiments, the ventilator
may be configured with a threshold number of breaths,
e.g., if positive EEF is detected three or more times in
ten consecutive breaths the threshold may be breached.
That is, when three or more of ten consecutive breaths
exhibit positive EEF, it may be determined that Auto-
PEEP is implicated. If Auto-PEEP is implicated, the op-
eration may proceed to issue smart prompt operation
316. If Auto-PEEP is not implicated, the operation may
return to analyze operation 312.
[0121] According to other embodiments, at detect Au-
to-PEEP operation 314 the ventilator may determine
whether Auto-PEEP is implicated based on evaluating
expiratory flow on a flow trace to detect patient effort for
a triggering patient. That is, by evaluating the slope of
the expiratory flow curve, the ventilator may determine
that the patient attempted to trigger while the patient was
still actively exhaling. When a triggering patient attempts
to initiate inspiration prior to complete exhalation of gas-
es, gas-trapping may occur due to premature triggering.
According to embodiments, the ventilator may be config-
ured with a threshold number of breaths, e.g., when pre-
mature triggering is detected three or more times in ten
consecutive breaths the threshold may be breached.
That is, when three or more of ten consecutive breaths
exhibit premature triggering, the ventilator may detect an
implication of Auto-PEEP. If Auto-PEEP is implicated,
the operation may proceed to issue smart prompt oper-
ation 316. If Auto-PEEP is not implicated, the operation
may return to analyze operation 312.
[0122] According to further embodiments, at detect Au-
to-PEEP operation 314 the ventilator may calculate an
I:E ratio for a patient. According to embodiments, a nor-
mal patient (e.g., with a normal TI and a normal RR for
the patient’s PBW) may have an I:E ratio of 1:2 to 1:3.
That is, under normal conditions, it may be desirable for
the TE to be double or triple (or greater) the set TI. How-
ever, under some circumstances the length of the TE may
approach the set TI. For instance, if set RR is too high
(for a non-triggering patient), TE may be too short and
may not allow for complete exhalation. Alternatively,
when inspiratory pressure is too high (causing increased
delivered volume), TE may be too short and may not allow
for complete exhalation of the increased delivered vol-
ume. As described previously, when TE is too short, gas-
trapping may occur at the end of expiration causing Auto-
PEEP. Thus, in cases where the I:E ratio is greater than
1:2 (i.e., approaching 1:1 or further approaching an in-
verse ratio, e.g., 2:1) Auto-PEEP may be implicated. If
Auto-PEEP is implicated, the operation may proceed to
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issue smart prompt operation 316. If Auto-PEEP is not
implicated, the operation may return to analyze operation
312.
[0123] According to still other embodiments, at detect
Auto-PEEP operation 314 the ventilator may determine
whether Auto-PEEP is implicated based on evaluating
EEP at analyze operation 312. According to embodi-
ments, EEP may be measured distally via any suitable
method (e.g., by one or more pressure transducers at or
near the lungs and/or diaphragm). Alternatively, EEP
may be measured proximally via any suitable method
(e.g., during an expiratory hold maneuver). If EEP in ex-
cess of set PEEP (if any) is detected at the end of expi-
ration, Auto-PEEP may be implicated. According to em-
bodiments, the ventilator may be configured with a
threshold value for EEP (e.g., about 5 cm H2O above set
PEEP). Further, according to embodiments, the ventila-
tor may be configured with a threshold number of breaths,
e.g., excess pressure detected three or more times in
ten consecutive breaths may breach the threshold. That
is, when three or more of ten consecutive breaths exhibit
excess pressure at the end of expiration, it may be de-
termined that Auto-PEEP is implicated. If Auto-PEEP is
implicated, the operation may proceed to issue smart
prompt operation 316. If Auto-PEEP is not implicated,
the operation may return to analyze operation 312.
[0124] According to other embodiments, at detect Au-
to-PEEP operation 314 the ventilator may determine
whether Auto-PEEP is implicated based on evaluating
resistance and/or compliance at analyze operation 312.
According to embodiments, the ventilator may be config-
ured with a threshold increase for resistance. For exam-
ple, if resistance increases by about 5 cm H2O/L/s or
more, it may be determined that Auto-PEEP is implicated.
Alternatively, the ventilator may be configured with a
threshold increase for compliance. For example, if com-
pliance increases by about 10 mL/cm H2O or more, it
may be determined that Auto-PEEP is implicated. If Auto-
PEEP is implicated, the operation may proceed to issue
smart prompt operation 316. If Auto-PEEP is not impli-
cated, the operation may return to analyze operation 312.
[0125] According to other embodiments, at detect Au-
to-PEEP operation 314 the ventilator may evaluate res-
piratory resistance data and respiratory compliance data
to calculate a time required to reach functional residual
capacity (FRC). Thereafter, the time required to reach
FRC may be compared to the TE. According to embodi-
ments, when the time required to reach FRC is greater
than the TE by a predetermined threshold, it may be de-
termined that Auto-PEEP is implicated. If Auto-PEEP is
implicated, the operation may proceed to issue smart
prompt operation 316. If Auto-PEEP is not implicated,
the operation may return to analyze operation 312.
[0126] According to further embodiments, at detect Au-
to-PEEP operation 314 the ventilator may evaluate the
pulmonary time constant and TE. That is, by multiplying
resistance (e.g., expiratory resistance) by compliance
the ventilator may calculate the pulmonary time constant.

The ventilator may also trend TE over multiple breaths
for the triggering patient. When TE is less than a prede-
termined number of pulmonary time constants (e.g.,
about three pulmonary time constants), TE may not be
adequate for complete exhalation and the ventilator may
detect an implication of Auto-PEEP. If Auto-PEEP is im-
plicated, the operation may proceed to issue smart
prompt operation 316. If Auto-PEEP is not implicated,
the operation may return to analyze operation 312.
[0127] As may be appreciated, the ventilator may de-
termine whether Auto-PEEP is implicated at detect Auto-
PEEP operation 314 via any suitable means. Indeed, any
of the above described ventilatory parameters may be
evaluated according to various thresholds for detecting
Auto-PEEP. Further, the disclosure regarding specific
ventilatory parameters as they may implicate Auto-PEEP
is not intended to be limiting. In fact, any suitable venti-
latory parameter may be monitored and evaluated for
detecting Auto-PEEP within the spirit of the present dis-
closure. As such, if Auto-PEEP is implicated via any suit-
able means, the operation may proceed to issue smart
prompt operation 316. If Auto-PEEP is not implicated,
the operation may return to analyze operation 312.
[0128] At issue smart prompt operation 316, the ven-
tilator may alert the clinician via any suitable means that
Auto-PEEP has been implicated. For example, according
to embodiments, the ventilator may display a smart
prompt including a notification message and/or a recom-
mendation message regarding the detection of Auto-
PEEP on the GUI. According to alternative embodiments,
the ventilator may communicate the smart prompt, in-
cluding the notification message and/or the recommen-
dation message, to a remote monitoring system commu-
nicatively coupled to the ventilator.
[0129] According to embodiments, the notification
message may alert the clinician that Auto-PEEP has
been detected and, optionally, may provide information
regarding the ventilatory parameter(s) that implicated
Auto-PEEP. According to additional embodiments, the
recommendation message may provide one or more sug-
gestions for mitigating Auto-PEEP. According to further
embodiments, the one or more suggestions may be
based on the patient’s particular ventilatory settings
and/or diagnosis. According to further embodiments, the
one or more suggestions may be based on whether the
patient is triggering or non-triggering. According to some
embodiments, the clinician may access one or more pa-
rameter setting and/or display screens from the smart
prompt via a hyperlink or otherwise for addressing Auto-
PEEP. According to additional or alternative embodi-
ments, a clinician may remotely access one or more pa-
rameter and/or display screens from the smart prompt
via a hyperlink or otherwise for remotely addressing Auto-
PEEP.
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Smart Prompt Generation regarding Auto-PEEP De-
tention

[0130] FIG. 4 is a flow chart illustrating an embodiment
of a method for issuing a smart prompt upon detecting
an implication of Auto-PEEP.
[0131] As should be appreciated, the particular steps
and methods described herein are not exclusive and, as
will be understood by those skilled in the art, the particular
ordering of steps as described herein is not intended to
limit the method, e.g., steps may be performed in differing
order, additional steps may be performed, and disclosed
steps may be excluded without departing from the spirit
of the present methods.
[0132] The illustrated embodiment of the method 400
depicts a method for issuing a smart prompt upon de-
tecting Auto-PEEP during pressure ventilation of a trig-
gering or a non-triggering patient. Method 400 begins
with detect operation 402, wherein the ventilator detects
that Auto-PEEP is implicated, as described above in
method 300.
[0133] At identify ventilatory parameters operation
404, the ventilator may identify one or more ventilatory
parameters that implicated Auto-PEEP. For example, the
ventilator may recognize that Auto-PEEP was implicated
by positive EEF over several breaths. Alternatively, the
ventilator may recognize that Auto-PEEP was implicated
by excess EEP over PEEP. Alternatively, the ventilator
may recognize that Auto-PEEP was implicated by in-
creased resistance and/or compliance. Alternatively, the
ventilator may recognize that Auto-PEEP was implicated
by determining the time required to reach FRC is greater
than TE. Indeed, the ventilator may recognize that Auto-
PEEP was implicated by one or more of the above meth-
ods, either individually or in combination, during pressure
ventilation of a patient. As may be appreciated, the ven-
tilator may use information regarding ventilatory param-
eters that implicated Auto-PEEP in determining an ap-
propriate notification and/or recommendation message
of the smart prompt.
[0134] At identify settings operation 406, the ventilator
may identify one or more current ventilatory settings as-
sociated with the ventilators treatment of the patient. For
example, current ventilatory settings may have been re-
ceived upon initiating ventilation setup for the patient and
may have been determined by the clinician or otherwise
(e.g., by evaluating a patient diagnosis, oxygenation,
PBW or IBW, disease conditions, etc.). For instance, cur-
rent ventilatory settings associated with pressure venti-
lation for a triggering patient may include, inter alia, in-
spiratory pressure (IP), set TI, etc. For instance, current
ventilatory settings associated with pressure ventilation
for a non-triggering patient may include, inter alia, inspir-
atory pressure (IP), set TI, set RR, etc. In addition, a
predicted TE and/or a predicted TI may be determined
based on normal respiratory resistance and compliance
values and the patient’s PBW (or IBW). As may be ap-
preciated, the ventilator may use information regarding

current ventilatory settings in determining an appropriate
notification and/or recommendation message of the
smart prompt.
[0135] At identify patient diagnosis operation 408, the
ventilator may optionally identify patient diagnosis infor-
mation received from a clinician (represented with
dashed lines to identify the operation as optional). For
example, according to embodiments, the clinician may
indicate during ventilation initiation or otherwise that the
patient was diagnosed with COPD, ARDS, emphysema,
asthma, etc. As may be appreciated, the ventilator may
use information regarding a patient’s diagnosis in deter-
mining an appropriate notification and/or recommenda-
tion message of the smart prompt.
[0136] At determine operation 410, the ventilator may
determine an appropriate notification message. For ex-
ample, the appropriate notification message may alert
the clinician that Auto-PEEP has been implicated and,
optionally, may provide information regarding the venti-
latory parameter(s) that implicated Auto-PEEP. For ex-
ample, the appropriate notification may alert the clinician
that Auto-PEEP was implicated by positive EEF over sev-
eral breaths, Auto-PEEP was implicated by excess EEP
over several breaths, Auto-PEEP was implicated by in-
creased resistance, etc.
[0137] At determine operation 412, the ventilator may
determine an appropriate primary recommendation mes-
sage. The appropriate primary recommendation mes-
sage may provide one or more specific suggestions for
mitigating Auto-PEEP.
[0138] According to some embodiments, in determin-
ing the appropriate primary recommendation message,
the ventilator may take into consideration whether the
patient is triggering or non-triggering. According to further
embodiments, in determining the appropriate primary
recommendation message, the ventilator may take into
consideration the one or more monitored ventilatory pa-
rameters that implicated Auto-PEEP. By way of example,
for a triggering patient, if Auto-PEEP was implicated by
positive EEF over several breaths, the appropriate pri-
mary recommendation messages may include: "Consid-
er decreasing set TI; Adjust settings until EEF approxi-
mates zero," for example. Additionally or alternatively,
for a triggering patient, if Auto-PEEP was implicated by
patient triggering prior to complete exhalation, the appro-
priate primary recommendation messages may include:
"Consider reasons for increased respiratory drive," for
example. By way of an alternative example, for a non-
triggering patient, if Auto-PEEP was implicated by posi-
tive EEF over several breaths, the appropriate primary
recommendation messages may include: "Consider de-
creasing set RR and/or decreasing set TI; Adjust settings
until EEF approximates zero," for example.
[0139] According to alternative embodiments, Auto-
PEEP may be implicated by increased compliance. As
noted above, when compliance increases, less pressure
is required to deliver a particular VT. As such, when com-
pliance increases during ventilation, the inspiratory pres-
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sure setting may deliver an increasingly higher VT such
that Auto-PEEP may occur if TE is insufficient for com-
plete exhalation of the delivered VT. As such, when the
ventilator detects that Auto-PEEP was implicated by in-
creased compliance, the appropriate primary recommen-
dation message may suggest: "Consider decreasing in-
spiratory pressure (IP) to maintain VT." Alternatively,
when an increase in VT is desirable for the patient having
increased compliance, a corresponding decrease in set
TI (in order to increase TE) may be suggested such that
the increased VT may be completely exhaled. As such,
when the ventilator detects that compliance is increasing,
the appropriate primary recommendation message may
suggest: "Consider decreasing TI to increase TE such
that increased VT may be completely exhaled."
[0140] According to other embodiments, in determin-
ing an appropriate primary recommendation message
the ventilator may take into consideration the patient’s
current ventilatory settings. That is, if set flow is already
high, the ventilator may not suggest increasing the set
flow. In this case, the primary recommendation message
may rather suggest decreasing inspiratory pressure, or
may provide another suitable specific suggestion. Ac-
cording to further embodiments, in determining the ap-
propriate primary recommendation message the ventila-
tor may take into consideration the patient’s diagnosis.
For example, if a triggering patient has been diagnosed
with COPD, in determining an appropriate primary rec-
ommendation message, the ventilator may consider the
patient’s diagnosis and suggest "Consider increasing set
PEEP."
[0141] According to other embodiments, in determin-
ing an appropriate primary recommendation message
the ventilator may take into consideration the ventilatory
parameters as monitored by the ventilator for the patient.
According to an embodiment, when Auto-PEEP is impli-
cated by any suitable means, the ventilator may also de-
tect that the set TI is longer than necessary for delivering
VT. That is, the inspiratory volume (VT) is delivered that
achieves and maintains the inspiratory pressure prior to
the end of TI. In this case, the ventilator may detect that
flow is about zero prior to reaching the end of TI (i.e.,
pressure is equalized and gases are no longer flowing
into the lungs). Further, the ventilator may determine an
amount of time, t, from detection of about zero flow until
TI ends. In this case, the appropriate primary recommen-
dation message may suggest: "Consider decreasing TI
by up to t such that TE may be increased while maintain-
ing VT." In other embodiments, in cases where a clinician
may desire to decrease TI by more than t, the ventilator
may determine an increase in pressure, p, such that when
TI is decreased by more than t the inspiratory pressure
may be increased by p to maintain VT. In this case, the
appropriate primary recommendation message may sug-
gest: "Consider increasing inspiratory pressure by p to
maintain VT when TI is decreased by more than t."
[0142] At determine operation 414, the ventilator may
determine an appropriate secondary recommendation

message. The secondary recommendation message
may provide one or more additional suggestions for mit-
igating Auto-PEEP. For example, for a triggering or a
non-triggering patient, the secondary recommendation
message may include: "Consider other steps for provid-
ing adequate TE, such as decreasing inspiratory pres-
sure (to decrease delivered VT) so that TE may be ade-
quate to completely exhale delivered VT."
[0143] At issue smart prompt operation 416, the ven-
tilator may alert the clinician via any suitable means that
Auto-PEEP has been implicated. For example, according
to embodiments, a smart prompt may include an appro-
priate notification message and an appropriate recom-
mendation message regarding the presence of Auto-
PEEP, Additionally or alternatively, the smart prompt may
include an appropriate notification message, an appro-
priate primary recommendation message, and an appro-
priate secondary recommendation message. The smart
prompt may be displayed via any suitable means, e.g.,
on the ventilator GUI and/or at a remote monitoring sta-
tion, such that the clinician is alerted as to the potential
presence of Auto-PEEP and offered additional informa-
tion and/or recommendations for mitigating the Auto-
PEEP, as described herein.

Ventilator GUI Display of Initial Smart Prompt

[0144] FIG. 5 is an illustration of an embodiment of a
graphical user interface displaying a smart prompt having
a notification message comprising an Auto-PEEP alert
during pressure ventilation of a triggering patient.
[0145] Graphical user interface 500 may display vari-
ous monitored and/or derived data to the clinician during
ventilation of a patient. In addition, graphical user inter-
face 500 may display various messages to the clinician
(e.g., alarm messages, etc.). Specifically, graphical user
interface 500 may display a smart prompt as described
herein.
[0146] According to embodiments, the ventilator may
monitor and evaluate various ventilatory parameters
based on one or more predetermined thresholds to detect
Auto-PEEP. As illustrated, a flow waveform may be gen-
erated and displayed by the ventilator on graphical user
interface 500. As further illustrated, the flow waveform
may be displayed such that inspiratory flow 502 is rep-
resented in a different color (e.g., green) than expiratory
flow 504 (e.g., yellow). Although expiratory flow may pref-
erably approximate zero at the end of expiration, in some
instances EEF may not reach zero before inspiration be-
gins, as illustrated by positive EEF 506. According to fur-
ther embodiments, positive EEF may be identified by a
positive EEF icon 508, or other identifier, such that a cli-
nician may readily identify positive EEF on the flow wave-
form. Additionally or alternatively, the flow waveform may
be frozen for a period of time such that the clinician may
be alerted as to the position in time of the incidence of
positive EEF along the flow waveform. Additionally or
alternatively, positive EEF icon 508 may also include an
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informative text message indicating that positive EEF
was detected.
[0147] That is, positive EEF may be detected if EEF
breaches a predetermined threshold associated with
EEF (e.g., if EEF exceeds about 5 L/m). According to
embodiments, when positive EEF is detected in a thresh-
old number of breaths, e.g., three or more times in ten
consecutive breaths, the ventilator may determine that
Auto-PEEP is implicated. According to other embodi-
ments, when patient triggering is detected prior to com-
plete exhalation in a threshold number of breaths, e.g.,
three or more times in ten consecutive breaths, the ven-
tilator may determine that Auto-PEEP is implicated. Ac-
cording to other embodiments, when resistance increas-
es by a predetermined threshold (e.g., about 5 cm
H2O/L/s or more), the ventilator may determine that Auto-
PEEP is implicated. According to further embodiments,
when compliance increases by a predetermined thresh-
old (e.g., about 10 mL/cm H2O or more), the ventilator
may determine that Auto-PEEP is implicated. According
to further embodiments, e.g., when EEP exceeds PEEP
by a threshold amount for a threshold number of breaths
(e.g., about 5 cm H2O above set PEEP detected in three
or more of ten consecutive breaths), the ventilator may
determine that Auto-PEEP is implicated. Upon a deter-
mination that Auto-PEEP is implicated, the graphical user
interface 500 may display a smart prompt, e.g., smart
prompt 510.
[0148] According to embodiments, smart prompt 510
may be displayed in any suitable location such that a
clinician may be alerted regarding a detected patient con-
dition, but while allowing other ventilatory displays and
data to be visualized substantially simultaneously. As il-
lustrated, smart prompt 510 is presented as a bar or ban-
ner across an upper region of the graphical user interface
500. However, as previously noted, smart prompt 510
may be displayed as a tab, icon, button, banner, bar, or
any other suitable shape or form. Further, smart prompt
510 may be displayed in any suitable location within the
graphical user interface 500. For example, smart prompt
510 may be located along any border region of the graph-
ical user interface 500 (e.g., top, bottom, or side borders)
(not shown), across an upper region (shown), or in any
other suitable location. Further, as described herein,
smart prompt 510 may be partially transparent (not
shown) such that ventilatory displays and data may be
at least partially visible behind smart prompt 510.
[0149] Specifically, smart prompt 510 may alert the cli-
nician that Auto-PEEP has been detected, for example
by notification message 512. As described herein, noti-
fication message 512 may alert the clinician that Auto-
PEEP is implicated via any suitable means, e.g., "Auto-
PEEP Alert" (shown), "Auto-PEEP Detected" (not
shown), or "Auto-PEEP Implicated" (not shown). Smart
prompt 510 may further include information regarding
ventilatory parameters that implicated Auto-PEEP. For
example, if Auto-PEEP was detected based on a positive
EEF over multiple breaths, this information may be pro-

vided to the clinician (e.g., "Positive EEF detected 3 or
more times in last 10 breaths," shown). According to the
illustrated embodiment, parameter information 514 is
provided along with the notification message 512 in a
banner. According to alternative embodiments, in addi-
tion to the notification message 512 and the parameter
information 514, one or more recommendation messag-
es may be provided in an initial smart prompt banner (not
shown). According to other embodiments, rather than
providing information regarding ventilatory parameters
that implicated Auto-PEEP in the initial smart prompt, this
information may be provided within an expanded portion
(not shown) of smart prompt 510.
[0150] According to embodiments, smart prompt 510
may be expanded to provide additional information
and/or recommendations to the clinician regarding a de-
tected patient condition. For example, an expand icon
516 may be provided within a suitable area of the smart
prompt 510. According to embodiments, upon selection
of the expand icon 516 via any suitable means, the cli-
nician may optionally expand the smart prompt 510 to
acquire additional information and/or recommendations
for mitigating the detected patient condition. According
to further embodiments, smart prompt 510 may include
links (not shown) to additional settings and/or display
screens of the graphical user interface 500 such that the
clinician may easily and quickly mitigate and/or verify the
detected condition.
[0151] As may be appreciated, the disclosed data,
graphics, and smart prompt illustrated in graphical user
interface 500 may be arranged in any suitable order or
configuration such that information and alerts may be
communicated to the clinician in an efficient and orderly
manner. The disclosed data, graphics, and smart prompt
are not to be understood as an exclusive array, as any
number of similar suitable elements may be displayed
for the clinician within the spirit of the present disclosure.
Further, the disclosed data, graphics, and smart prompt
are not to be understood as a necessary array, as any
number of the disclosed elements may be appropriately
replaced by other suitable elements without departing
from the spirit of the present disclosure. The illustrated
embodiment of the graphical user interface 500 is pro-
vided as an example only, including potentially useful
information and alerts that may be provided to the clini-
cian to facilitate communication of detected Auto-PEEP
in an orderly and informative way, as described herein.
[0152] FIG. 6 is an illustration of an embodiment of a
graphical user interface displaying a smart prompt having
a notification message comprising an Auto-PEEP alert
during pressure ventilation of a non-triggering patient.
[0153] Graphical user interface 600 may display vari-
ous monitored and/or derived data to the clinician during
ventilation of a patient. In addition, graphical user inter-
face 600 may display various messages to the clinician
(e.g., alarm messages, etc.). Specifically, graphical user
interface 600 may display a smart prompt as described
herein.
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[0154] As described above with reference to FIG. 5,
according to embodiments, the ventilator may monitor
and evaluate various ventilatory parameters based on
one or more predetermined thresholds to detect Auto-
PEEP. As illustrated, a flow waveform may be generated
and displayed by the ventilator on graphical user inter-
face 600. As further illustrated, the flow waveform may
be displayed such that inspiratory flow 602 is represented
in a different color (e.g., green) than expiratory flow 604
(e.g., yellow). Although expiratory flow may preferably
approximate zero at the end of expiration, in some in-
stances EEF may not reach zero before inspiration be-
gins, as illustrated by positive EEF 606. According to fur-
ther embodiments, positive EEF may be identified by a
positive EEF icon 608, or other identifier, such that a cli-
nician may readily identify positive EEF on the flow wave-
form. Additionally or alternatively, the flow waveform may
be frozen for a period of time such that the clinician may
be alerted as to the position in time of the incidence of
positive EEF along the flow waveform. Additionally or
alternatively, positive EEF icon 608 may also include an
informative text message indicating that positive EEF
was detected.
[0155] As described above, an implication of Auto-
PEEP may be detected based on evaluating a number
of ventilatory parameters. Upon a determination that Au-
to-PEEP is implicated, the graphical user interface 600
may display a smart prompt, e.g., smart prompt 610.
[0156] As described above, smart prompt 610 may be
displayed in any suitable location such that a clinician
may be alerted regarding a detected patient condition,
Further, as described herein, smart prompt 610 may be
partially transparent (not shown) such that ventilatory dis-
plays and data may be at least partially visible behind
smart prompt 610.
[0157] Specifically, smart prompt 610 may alert the cli-
nician that Auto-PEEP has been detected, for example
by notification message 612. As described above, noti-
fication message 612 may alert the clinician that Auto-
PEEP is implicated via any suitable means, e.g., "Auto-
PEEP Alert" (shown). According to embodiments, smart
prompt 610 may further include information regarding
ventilatory parameters that implicated Auto-PEEP. For
example, if Auto-PEEP was detected based on a positive
EEF over multiple breaths, this information may be pro-
vided to the clinician (e.g., "Positive EEF detected 3 or
more times in last 10 breaths," shown).
[0158] According to additional embodiments, smart
prompt 610 may be expanded to provide additional in-
formation and/or recommendations to the clinician re-
garding a detected patient condition. For example, an
expand icon 616 may be provided within any suitable
area of the smart prompt 610. According to embodi-
ments, upon selection of the expand icon 616 via any
suitable means, the clinician may optionally expand the
smart prompt 610 to acquire additional information and/or
recommendations for mitigating the detected patient con-
dition. According to further embodiments, smart prompt

610 may include links (not shown) to additional settings
and/or display screens of the graphical user interface 600
such that the clinician may easily and quickly mitigate
and/or verify the detected condition.
[0159] As may be appreciated, the disclosed data,
graphics, and smart prompt illustrated in graphical user
interface 600 may be arranged in any suitable order or
configuration such that information and alerts may be
communicated to the clinician in an efficient and orderly
manner. The illustrated embodiment of the graphical user
interface 600 is provided as an example only, including
potentially useful information and alerts that may be pro-
vided to the clinician to facilitate communication of de-
tected Auto-PEEP in an orderly and informative way, as
described herein.

Ventilator GUI Display of Expanded Smart Prompt

[0160] FIG. 7 is an illustration of an embodiment of a
graphical user interface displaying an expanded smart
prompt having a notification message and one or more
recommendation messages for mitigating Auto-PEEP
during pressure ventilation of a triggering patient.
[0161] Graphical user interface 700 may display vari-
ous monitored and/or derived data to the clinician during
ventilation of a patient. In addition, graphical user inter-
face 700 may display an expanded smart prompt includ-
ing one or more recommendation messages as de-
scribed herein.
[0162] According to embodiments, as described
above, an expand icon 704 may be provided within a
suitable area of smart prompt 702. Upon selection of the
expand icon 704, the clinician may optionally expand
smart prompt 702 to acquire additional information and/or
recommendations for mitigating the detected patient con-
dition. For example, expanded smart prompt 706 may be
provided upon selection of expand icon 704. As de-
scribed above for smart prompt 510 and 610, expanded
smart prompt 706 may be displayed as a tab, icon, button,
banner, bar, or any other suitable shape or form. Further,
expanded smart prompt 706 may be displayed in any
suitable location within the graphical user interface 700.
For example, expanded smart prompt 706 may be dis-
played below (shown) smart prompt 702, to a side (not
shown) of smart prompt 702, or otherwise logically as-
sociated with smart prompt 702. According to other em-
bodiments, an initial smart prompt may be hidden (not
shown) upon displaying expanded smart prompt 706. Ex-
panded smart prompt 706 may also be partially transpar-
ent (not shown) such that ventilatory displays and data
may be at least partially visible behind expanded smart
prompt 706.
[0163] According to embodiments, expanded smart
prompt 706 may comprise additional information (not
shown) and/or one or more recommendation messages
708 regarding detected Auto-PEEP. For example, the
one or more recommendation messages 708 may in-
clude a primary recommendation message and a sec-
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ondary recommendation message. The primary recom-
mendation message may provide one or more specific
suggestions for mitigating Auto-PEEP during pressure
ventilation of a triggering patient. For example, if Auto-
PEEP was implicated by positive EEF over several
breaths, the one or more recommendation messages
may include: "Consider decreasing set TI; Adjust settings
until EEF approximates zero; Consider reasons for in-
creased respiratory drive." According to other embodi-
ments, when Auto-PEEP was implicated by increased
compliance, the one or more recommendation messages
may include: "Consider decreasing inspiratory pressure
(IP) to maintain VT" or "Consider decreasing TI to in-
crease TE such that increased VT may be completely
exhaled."
[0164] According to still other embodiments, wherein
Auto-PEEP is implicated via any suitable means and flow
is detected at about zero before TI ends (wherein t is the
time from detection of about zero flow until TI ends), the
one or more recommendation messages may include:
"Consider decreasing TI by up to t such that TE may be
increased while maintaining VT." In other embodiments,
the one or more recommendation messages may in-
clude: "Consider increasing inspiratory pressure (IP) by
p to maintain VT when TI is decreased by more than t."
[0165] The secondary recommendation message may
provide one or more general suggestions for mitigating
Auto-PEEP. For example, the secondary recommenda-
tion message may include: "Consider other steps for pro-
viding adequate TE, such as decreasing inspiratory pres-
sure (to decrease delivered VT) so that TE may be ade-
quate to completely exhale delivered VT."
[0166] According to embodiments, expanded smart
prompt 706 may also include one or more hyperlinks 710,
which may provide immediate access to the display
and/or settings screens associated with detected Auto-
PEEP. For example, associated parameter settings
screens may be accessed from expanded smart prompt
706 via hyperlink 710 such that the clinician may address
detected Auto-PEEP by adjusting one or more parameter
settings as necessary. Alternatively, associated param-
eter display screens may be accessed such that the cli-
nician may view clinical data associated with Auto-PEEP
in the form of charts, graphs, or otherwise. That is, ac-
cording to embodiments, the clinician may access the
ventilatory data that implicated Auto-PEEP for verifica-
tion purposes. For example, when Auto-PEEP has been
implicated, depending on the particular ventilatory pa-
rameters that implicated Auto-PEEP, the clinician may
be able to access associated parameter settings screens
for addressing Auto-PEEP (e.g., settings screens for ad-
justing VT, TI, flow, etc.). Additionally or alternatively, the
clinician may be able to access and/or view display
screens associated with the ventilatory parameters that
implicated Auto-PEEP (e.g., a graphics screen display-
ing historical flow waveforms, volume waveforms, and/or
pressure waveforms that gave rise to implications of Au-
to-PEEP).

[0167] FIG. 8 is an illustration of an embodiment of a
graphical user interface displaying an expanded smart
prompt having a notification message and one or more
recommendation messages for mitigating Auto-PEEP
during pressure ventilation of a non-triggering patient.
[0168] As described above with reference to FIG. 7,
graphical user interface 800 may display various moni-
tored and/or derived data to the clinician during ventila-
tion of a patient. In addition, graphical user interface 800
may display an expanded smart prompt including one or
more recommendation messages as described herein.
[0169] According to embodiments, as described
above, an expand icon 804 may be provided within a
suitable area of smart prompt 802. Upon selection of the
expand icon 804, the clinician may optionally expand
smart prompt 802 to acquire additional information and/or
recommendations for mitigating the detected patient con-
dition. For example, expanded smart prompt 806 may be
provided upon selection of expand icon 804. As de-
scribed above for smart prompts 510 and 610, expanded
smart prompt 806 may be displayed in any suitable shape
or form in any suitable location within the graphical user
interface 800.
[0170] According to embodiments, expanded smart
prompt 806 may comprise additional information (not
shown) and/or one or more recommendation messages
808 regarding detected Auto-PEEP. For example, the
one or more recommendation messages 808 may in-
clude a primary recommendation message and a sec-
ondary recommendation message. The primary recom-
mendation message may provide one or more specific
suggestions for mitigating Auto-PEEP during pressure
ventilation of a non-triggering patient. For example, if Au-
to-PEEP was implicated by positive EEF over several
breaths, the one or more recommendation messages
may include: "Consider decreasing set RR and/or de-
creasing set TI; Adjust settings until EEF approximates
zero," for example. According to other embodiments,
when Auto-PEEP was implicated by increased compli-
ance, the one or more recommendation messages may
include: "Consider decreasing inspiratory pressure (IP)
to maintain VT" or "Consider decreasing TI to increase
TE such that increased VT may be completely exhaled."
[0171] According to still other embodiments, wherein
Auto-PEEP is implicated via any suitable means and flow
is detected at about zero before TI ends (wherein t is the
time from detection of about zero flow until TI ends), the
one or more recommendation messages may include:
"Consider decreasing TI by up to t such that TE may be
increased while maintaining VT." In other embodiments,
the one or more recommendation messages may in-
clude: "Consider increasing inspiratory pressure (IP) by
p to maintain VT when TI is decreased by more than t."
[0172] The secondary recommendation message may
provide one or more general suggestions for mitigating
Auto-PEEP. For example, the secondary recommenda-
tion message may include: "Consider other steps for pro-
viding adequate TE, such as decreasing inspiratory pres-
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sure (to decrease delivered VT) so that TE may be ade-
quate to completely exhale delivered VT."
[0173] As described above, according to embodi-
ments, expanded smart prompt 806 may also include
one or more hyperlinks 810, which may provide immedi-
ate access to the display and/or settings screens asso-
ciated with detected Auto-PEEP. For example, associat-
ed parameter settings screens may be accessed from
expanded smart prompt 806 via hyperlink 810 such that
the clinician may address detected Auto-PEEP by ad-
justing one or more parameter settings as necessary.
Alternatively, associated parameter display screens may
be accessed such that the clinician may view clinical data
associated with Auto-PEEP in the form of charts, graphs,
or otherwise.
[0174] As may be appreciated, the disclosed smart
prompt and recommendation messages illustrated in
graphical user interface 800 may be arranged in any suit-
able order or configuration such that information and
alerts may be communicated to the clinician in an efficient
and orderly manner. Indeed, the illustrated embodiment
of the graphical user interface 800 is provided as an ex-
ample only, including potentially useful information and
recommendations that may be provided to the clinician
to facilitate communication of suggestions for mitigating
detected Auto-PEEP in an orderly and informative way,
as described herein.
[0175] Unless otherwise indicated, all numbers ex-
pressing measurements, dimensions, and so forth used
in the specification and claims are to be understood as
being modified in all instances by the term "about." Ac-
cordingly, unless indicated to the contrary, the numerical
parameters set forth in the following specification and
attached claims are approximations that may vary de-
pending upon the desired properties sought to be ob-
tained by the present disclosure. Further, unless other-
wise stated, the term "about" shall expressly include "ex-
actly," consistent with the discussions regarding ranges
and numerical data. Concentrations, amounts, and other
numerical data may be expressed or presented herein
in a range format. It is to be understood that such a range
format is used merely for convenience and brevity and
thus should be interpreted flexibly to include not only the
numerical values explicitly recited as the limits of the
range, but also to include all the individual numerical val-
ues or sub-ranges encompassed within that range as if
each numerical value and sub-range is explicitly recited.
As an illustration, a numerical range of "about 4 percent
to about 7 percent" should be interpreted to include not
only the explicitly recited values of about 4 percent to
about 7 percent, but also include individual values and
sub-ranges within the indicated range. Thus, included in
this numerical range are individual values such as 4.5,
5.25 and 6 and sub-ranges such as from 4-5, from 5-7,
and from 5.5-6.5, etc. This same principle applies to rang-
es reciting only one numerical value. Furthermore, such
an interpretation should apply regardless of the breadth
of the range or the characteristics being described.

[0176] It will be clear that the systems and methods
described herein are well adapted to attain the ends and
advantages mentioned as well as those inherent therein.
Those skilled in the art will recognize that the methods
and systems within this specification may be implement-
ed in many manners and as such is not to be limited by
the foregoing exemplified embodiments and examples.
In other words, functional elements being performed by
a single or multiple components, in various combinations
of hardware and software, and individual functions can
be distributed among software applications at either the
client or server level. In this regard, any number of the
features of the different embodiments described herein
may be combined into one single embodiment and alter-
native embodiments having fewer than or more than all
of the features herein described are possible.
[0177] While various embodiments have been de-
scribed for purposes of this disclosure, various changes
and modifications may be made which are well within the
scope of the present disclosure. Numerous other chang-
es may be made which will readily suggest themselves
to those skilled in the art and which are encompassed in
the spirit of the disclosure and as defined in the appended
claims.

Claims

1. A ventilator-implemented method for detecting Auto-
PEEP during pressure ventilation, the method com-
prising:

collecting data associated with ventilatory pa-
rameters;
processing the collected ventilatory parameter
data, wherein processing the collected ventila-
tory parameter data includes deriving ventilatory
parameter data from the collected ventilatory
parameter data;
analyzing the processed ventilatory parameter
data,
characterized in that analyzing the processed
ventilatory parameter data comprises:

receiving one or more predetermined
thresholds associated with the processed
ventilatory parameter data; and
detecting whether the processed ventilatory
parameter data breaches

the one or more predetermined thresholds; and

further characterized in that the method further
comprises the steps of:

determining that Auto-PEEP is implicated upon
detecting that the processed ventilatory data
breaches the one or more predetermined
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thresholds; and
issuing a smart prompt (510, 610, 702, 706, 802,
806) when Auto-PEEP is implicated.

2. The method of claim 1, wherein the patient is a trig-
gering patient,
or wherein the patient is a non-triggering patient.

3. The method of claim 1, wherein the processed ven-
tilatory parameter data includes expiratory flow data,
and wherein analyzing the processed ventilatory pa-
rameter data further comprises:

receiving one or more predetermined thresholds
associated with end-expiratory flow (EEF);
detecting that EEF is positive when the EEF
breaches the one or more predetermined
thresholds; and
determining that Auto-PEEP is implicated when
EEF is positive for a predetermined number of
breaths,
and/or wherein the processed ventilatory pa-
rameter data includes an expiratory time (TE),
and wherein analyzing the processed ventilatory
parameter data further comprises:

calculating a time required to reach func-
tional residual capacity (FRC);
comparing the time required to reach FRC
with TE; and
determining that Auto-PEEP is implicated
when the time required to reach FRC is
greater than TE,

and/or wherein the processed ventilatory pa-
rameter data includes pressure data, and
wherein analyzing the processed ventilatory pa-
rameter data further comprises:

receiving a positive end-expiratory pres-
sure (PEEP) setting, wherein the PEEP set-
ting is about 0 cm H2O or greater;
receiving one or more predetermined
thresholds associated with end-expiratory
pressure (EEP);
detecting that the EEP breaches the one or
more predetermined thresholds when the
EEP minus the PEEP setting is greater than
the one or more predetermined thresholds;
and
determining that Auto-PEEP is implicated
when the EEP breaches the one or more
predetermined thresholds.

4. The method of claim 1, wherein the processed ven-
tilatory parameter data includes respiratory resist-
ance data, and wherein analyzing the processed
ventilatory parameter data further comprises:

receiving one or more predetermined thresholds
associated with the respiratory resistance data;
detecting that respiratory resistance has in-
creased when the respiratory resistance data
breaches the one or more predetermined
thresholds; and
determining that Auto-PEEP is implicated when
the respiratory resistance has increased.

5. The method of claim 1, wherein the processed ven-
tilatory parameter data includes a pulmonary time
constant and an expiratory time (TE), and wherein
analyzing the processed ventilatory parameter data
further comprises:

comparing the pulmonary time constant to the
TE; and
determining that Auto-PEEP is implicated when
the TE is less than a predetermined number of
pulmonary time constants.

6. A ventilatory system (200) comprising:

at least one processor (116, 206); and
at least one memory (112, 208), communica-
tively coupled to the at least one processor (116,
206),
characterized in that:

the ventilator system is configured for issu-
ing a smart prompt (510, 610, 702, 706, 802,
806) when Auto-PEEP is implicated during
pressure ventilation; and
the memory (112, 208) contains instructions
that, when executed by the at least one
processor (116, 206), perform a method
comprising:

detecting that Auto-PEEP is implicated;
determining an appropriate notification
message (512, 612);
determining an appropriate recommen-
dation message (708); and
displaying at least one of the appropri-
ate notification message (512, 612) and
the appropriate recommendation mes-
sage (708).

7. The ventilatory system of claim 6, further comprising:

identifying processed ventilatory parameter da-
ta that implicated Auto-PEEP; and
determining the appropriate notification mes-
sage (512, 612) based at least in part on the
processed ventilatory parameter data that impli-
cated Auto-PEEP.

8. The ventilatory system of claim 7, wherein the ap-
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propriate notification message (512, 612) comprises
an alert that Auto-PEEP is implicated and informa-
tion regarding the processed ventilatory parameter
data that implicated Auto-PEEP.

9. The ventilatory system of claim 6, wherein the ap-
propriate recommendation message (708) compris-
es a primary recommendation message and a sec-
ondary recommendation message.

10. The ventilatory system of claim 9, wherein the patient
is a triggering patient, and wherein the primary rec-
ommendation message comprises one or more of:

a suggestion to decrease inspiratory time (TI);
a suggestion to adjust ventilatory settings until
end-expiratory flow (EEF) approximates zero;
and
a suggestion to investigate reasons for an ele-
vated patient respiratory drive, or wherein the
patient is a non-triggering patient, and wherein
the primary recommendation message compris-
es one or more of:

a suggestion to decrease respiratory rate
(RR);
a suggestion to decrease inspiratory time
(TI); and
a suggestion to adjust ventilatory settings
until end-expiratory flow (EEF) approxi-
mates zero.

11. The ventilatory system of claim 9, wherein a venti-
lator (100, 202) detects that flow is about zero during
inspiration, and wherein the ventilator (100, 202) de-
termines a time, t, from detection of about zero flow
until set inspiratory time (TI) ends, the primary rec-
ommendation message comprising one or more of:

a suggestion to decrease TI by up to t such that
expiratory time (TE) may be increased while
maintaining tidal volume (VT); and
a suggestion to decrease TI by more than t such
that TE may be increased,
wherein when TI is decreased by more than t,
the primary recommendation further comprises:

a suggestion to increase inspiratory pres-
sure (IP) to maintain VT.

12. The ventilatory system of claim 9, wherein the sec-
ondary recommendation message includes one or
more suggestions for providing adequate expiratory
time (TE) comprising a suggestion to decrease in-
spiratory pressure in order to decrease delivered tid-
al volume (VT) so that TE may be adequate to com-
pletely exhale delivered VT.

13. A graphical user interface (500, 600, 700, 800) for a
ventilator (100, 202), the ventilator (100, 202) con-
figured with a computer having a user interface in-
cluding the graphical user interface (500, 600, 700,
800) for accepting commands and for displaying in-
formation, the graphical user interface (500, 600,
700, 800) comprising at least one window;
characterized in that the graphical user interface
(500, 600, 700, 800):

is configured for displaying one or more smart
prompts (510, 610, 702, 706, 802, 806) corre-
sponding to a detected condition; and
comprises one or more elements within the at
least one window comprising at least one smart
prompt element for communicating information
regarding the detected condition, wherein the
detected condition is Auto-PEEP.

14. The graphical user interface of claim 13, wherein the
at least one smart prompt element further comprises
at least one of a notification message (512, 612) and
one or more recommendation messages (708),
wherein the notification message (512, 612) com-
prises an alert associated with a detected implication
of Auto-PEEP, and wherein the one or more recom-
mendation messages (708, 808) comprise one or
more suggestions for mitigating Auto-PEEP.

15. The graphical user interface of claim 14, wherein the
patient is a triggering patient, and wherein the one
or more recommendation messages comprise one
or more of:

a suggestion to decrease inspiratory time (TI);
a suggestion to adjust ventilatory settings until
end-expiratory flow (EEF) approximates zero;
a suggestion to investigate reasons for an ele-
vated patient respiratory drive; and
a suggestion to decrease inspiratory pressure
in order to decrease delivered tidal volume (VT)
so that TE may be adequate to completely ex-
hale delivered VT,
or wherein the patient is a non-triggering patient,
and wherein the one or more recommendation
messages comprise one or more of:

a suggestion to decrease respiratory rate
(RR);
a suggestion to decrease inspiratory time
(TI);
a suggestion to adjust ventilatory settings
until end-expiratory flow (EEF) approxi-
mates zero; and
a suggestion to decrease inspiratory pres-
sure in order to decrease delivered tidal vol-
ume (VT) so that TE may be adequate to
completely exhale delivered VT.
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Patentansprüche

1. In einem Beatmungsgerät implementiertes Verfah-
ren zum Ermitteln von Auto-PEEP während einer
Druckbeatmung, wobei das Verfahren umfasst:

Sammeln von Daten, die Atmungsparametern
zugeordnet sind;
Verarbeiten der gesammelten Atmungspara-
meterdaten, worin das Verarbeiten der gesam-
melten Atmungsparameterdaten einschließt:
Ableiten von Atmungsparameterdaten aus den
gesammelten Atmungsparameterdaten;
Analysieren der verarbeiteten Atmungsparame-
terdaten,
dadurch gekennzeichnet, dass das Analysie-
ren der verarbeiteten Atmungsparameterdaten
umfasst:

Empfangen von einem oder mehreren vor-
bestimmten Schwellwerten, die den verar-
beiteten Atmungsparameterdaten zuge-
ordnet sind; und
Ermitteln, ob die verarbeiteten Atmungspa-
rameterdaten den einen oder die mehreren
vorbestimmten Schwellwerte verletzen;
und

ferner dadurch gekennzeichnet, dass das
Verfahren ferner die Schritte umfasst:

beim Ermitteln, dass die verarbeiteten At-
mungsparameterdaten den einen oder die
mehreren vorbestimmten Schwellwerte
verletzen, erfolgendes Bestimmen, dass
dies Auto-PEEP zur Folge hat; und
Ausgeben einer intelligenten Eingabeauf-
forderung (510, 610, 702, 706, 802, 806),
wenn Auto-PEEP folgert.

2. Verfahren nach Anspruch 1, worin der Patient ein
atmungsauslösender Patient ist oder worin der Pa-
tient kein atmungsauslösender Patient ist.

3. Verfahren nach Anspruch 1, worin die verarbeiteten
Atmungsparameterdaten exspiratorische Flussda-
ten aufweisen und worin das Analysieren der verar-
beiteten Atmungsparameterdaten ferner umfasst:

Empfangen eines oder mehrerer Schwellwerte,
die dem endexspiratorischen Fluss (EEF) zuge-
ordnet sind;
Ermitteln, dass der EEF positiv ist, wenn der
EEF den einen oder die mehreren vorbestimm-
ten Schwellwerte verletzt; und
Bestimmen, dass es Auto-PEEP zur Folge hat,
wenn der EEF für eine vorbestimmte Anzahl von
Atemzügen positiv ist,

und/oder worin die verarbeiteten Atmungspara-
meterdaten eine Exspirationszeit (TE) aufwei-
sen und worin das Analysieren der verarbeiteten
Atmungsparameterdaten ferner umfasst:
Berechnen einer Zeit, die erforderlich ist, um das
Ruhelungenvolumen (FRC) zu erreichen;
Vergleichen der Zeit, die erforderlich ist, um
FRC zu erreichen, mit TE; und
Bestimmen, dass es Auto-PEEP zur Folge hat,
wenn die Zeit, die erforderlich ist, um FRC zu
erreichen, größer als TE ist,
und/oder worin die verarbeiteten Atmungspara-
meterdaten Druckdaten aufweisen und worin
das Analysieren der verarbeiteten Atmungspa-
rameterdaten ferner umfasst:
Empfangen einer Einstellung für positiven
endexspiratorischen Druck (PEEP), worin die
PEEP-Einstellung etwa 0 cm H2O oder höher ist;
Empfangen eines oder mehrerer Schwellwerte,
die dem endexspiratorischen Druck (EEP) zu-
geordnet sind;
Ermitteln, dass der EEP den einen oder die meh-
reren vorbestimmten Schwellwerte verletzt,
wenn der EEP minus die PEEP-Einstellung grö-
ßer als der eine oder die mehreren vorbestimm-
ten Schwellwerte ist; und
Bestimmen, dass es Auto-PEEP zur Folge hat,
wenn der EEP den einen oder die mehreren vor-
bestimmten Schwellwerte verletzt.

4. Verfahren nach Anspruch 1, worin die verarbeiteten
Atmungsparameterdaten Atemwiderstandsdaten
aufweisen und worin das Analysieren der verarbei-
teten Atmungsparameterdaten ferner umfasst:

Empfangen eines oder mehrerer Schwellwerte,
die den Atemwiderstandsdaten zugeordnet
sind;
Ermitteln, dass der Atemwiderstand zugenom-
men hat, wenn die Atemwiderstandsdaten den
einen oder die mehreren vorbestimmten
Schwellwerte verletzen; und
Bestimmen, dass es Auto-PEEP zur Folge hat,
wenn der Atemwiderstand zugenommen hat.

5. Verfahren nach Anspruch 1, worin die verarbeiteten
Atmungsparameterdaten eine Lungenzeitkonstante
und eine Exspirationszeit (TE) aufweisen und worin
das Analysieren der verarbeiteten Atmungsparame-
terdaten ferner umfasst:

Vergleichen der Lungenzeitkonstante mit der
TE; und
Bestimmen, dass es Auto-PEEP zur Folge hat,
wenn die TE kleiner als eine vorbestimmte An-
zahl von Lungenzeitkonstanten ist.

6. Beatmungssystem (200), umfassend:

55 56 



EP 2 588 175 B1

30

5

10

15

20

25

30

35

40

45

50

55

mindestens einen Prozessor (116, 206); und
mindestens einen Speicher (112, 208), der kom-
munikativ mit dem mindestens einen Prozessor
(116, 206) gekoppelt ist,
dadurch gekennzeichnet, dass:

das Beatmungssystem dafür konfiguriert
ist, eine intelligente Eingabeaufforderung
(510, 610, 702, 706, 802, 806) auszugeben,
wenn während einer Druckbeatmung Auto-
PEEP folgert; und
der Speicher (112, 208) Anweisungen ent-
hält, die wenn sie durch den mindestens ei-
nen Prozessor (116, 206) ausgeführt wer-
den, ein Verfahren durchführen, welches
umfasst:

Ermitteln, dass Auto-PEEP folgert;
Bestimmen einer zweckdienlichen Mit-
teilungsnachricht (512, 612);
Bestimmen einer zweckdienlichen
Empfehlungsnachricht (708); und
Anzeigen mindestens einer der zweck-
dienlichen Mitteilungsnachricht (512,
612) und der zweckdienlichen Empfeh-
lungsnachricht (708).

7. Beatmungssystem nach Anspruch 6, ferner umfas-
send:

Identifizieren verarbeiteter Atmungsparameter-
daten, die Auto-PEEP zur Folge hatten; und
Bestimmen der zweckdienlichen Mitteilungs-
nachricht (512, 612) zumindest teilweise auf der
Grundlage der verarbeiteten Atmungsparame-
terdaten, die Auto-PEEP zur Folge hatten.

8. Beatmungssystem nach Anspruch 7, worin die
zweckdienliche Mitteilungsnachricht (512, 612) ein
Warnsignal, dass Auto-PEEP folgert, und Informati-
on bezüglich der verarbeiteten Atmungsparameter-
daten, die Auto-PEEP zur Folge hatten, umfasst.

9. Beatmungssystem nach Anspruch 6, worin die
zweckdienliche Empfehlungsnachricht (708) eine
primäre Empfehlungsnachricht und eine sekundäre
Empfehlungsnachricht umfasst.

10. Beatmungssystem nach Anspruch 9, worin der Pa-
tient ein atmungsauslösender Patient ist und worin
die primäre Empfehlungsnachricht eines oder mehr
von Folgendem umfasst:

einen Vorschlag, die Inspirationszeit (TI) zu ver-
ringern;
einen Vorschlag, Beatmungseinstellungen
nachzuregeln, bis der endexspiratorische Fluss
(EEF) gegen null geht; und

einen Vorschlag, Gründe für einen erhöhten At-
mungstrieb des Patienten zu untersuchen, oder
worin der Patient kein atmungsauslösender Pa-
tient ist und worin die primäre Empfehlungs-
nachricht eines oder mehr von Folgendem um-
fasst:

einen Vorschlag, die Atemfrequenz (RR) zu
verringern;
einen Vorschlag, die Inspirationszeit (TI) zu
verringern;
einen Vorschlag, Beatmungseinstellungen
nachzuregeln, bis der endexspiratorische
Fluss (EEF) gegen null geht.

11. Beatmungssystem nach Anspruch 9, worin ein Be-
atmungsgerät (100, 202) ermittelt, dass der Fluss
beim Einatmen ungefähr null ist, und worin das Be-
atmungsgerät (100, 202) eine Zeit, t, ermittelt, und
zwar seit der Ermittlung des Flusses von ungefähr
null bis die eingestellte Inspirationszeit (TI) endet,
wobei die primäre Empfehlungsnachricht eines oder
mehr von Folgendem umfasst:

einen Vorschlag, die Inspirationszeit (TI) um bis
zu t zu verringern, sodass die Exspirationszeit
(TE) erhöht werden kann, während das Atem-
volumen (VT) beibehalten wird; und
einen Vorschlag, TI um mehr als t zu verringern,
sodass TE erhöht werden kann, worin, wenn TI
um mehr als t verringert wird, die primäre Emp-
fehlungsnachricht ferner umfasst:

einen Vorschlag, den Beatmungsdruck (IP)
zu erhöhen, um VT beizubehalten.

12. Beatmungssystem nach Anspruch 9, worin die se-
kundäre Empfehlungsnachricht einen oder mehrere
Vorschläge zum Bereitstellen angemessener Exspi-
rationszeit (TE) aufweist, umfassend einen Vor-
schlag, den Beatmungsdruck zu verringern, um das
zugeführte Atemvolumen (VT) zu verringern, sodass
TE angemessen sein kann, um das zugeführte VT
vollständig auszuatmen.

13. Grafische Benutzerschnittstelle (500, 600, 700, 800)
für ein Beatmungsgerät (100, 202), wobei das Beat-
mungsgerät (100, 202) mit einem Computer konfi-
guriert ist, der eine Benutzerschnittstelle hat, welche
die grafische Benutzerschnittstelle (500, 600, 700,
800) zum Entgegennehmen von Befehlen und zum
Anzeigen von Information aufweist, wobei die grafi-
sche Benutzerschnittstelle (500, 600, 700, 800) min-
destens ein Fenster umfasst;
dadurch gekennzeichnet, dass die grafische Be-
nutzerschnittstelle (500, 600, 700, 800):

zum Anzeigen einer oder mehrerer intelligenter
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Eingabeaufforderungen (510, 610, 702, 706,
802, 806), die einer ermittelten Bedingung ent-
sprechen, konfiguriert ist; und
ein oder mehrere Elemente innerhalb des min-
destens einen Fensters umfasst, die mindes-
tens ein intelligentes Eingabeaufforderungsele-
ment zum Übermitteln von Information bezüg-
lich der ermittelten Bedingung umfassen, worin
die ermittelte Bedingung Auto-PEEP ist.

14. Grafische Benutzerschnittstelle nach Anspruch 13,
worin das mindestens eine intelligente Eingabeauf-
forderungselement ferner mindestens eines von Fol-
gendem umfasst: eine Mitteilungsnachricht (512,
612) und eine oder mehrere Empfehlungsnachrich-
ten (708), worin die Mitteilungsnachricht (512, 612)
ein Warnsignal umfasst, das einer ermittelten Fol-
gerung von Auto-PEEP zugeordnet ist, und worin
die eine oder mehreren Empfehlungsnachrichten
(708, 808) einen oder mehrere Vorschläge zum Ab-
schwächen des Auto-PEEP umfassen.

15. Grafische Benutzerschnittstelle nach Anspruch 14,
worin der Patient ein atmungsauslösender Patient
ist und worin die eine oder mehreren Empfehlungs-
nachrichten eines oder mehr von Folgendem umfas-
sen:

einen Vorschlag, die Inspirationszeit (TI) zu ver-
ringern;
einen Vorschlag, Beatmungseinstellungen
nachzuregeln, bis der endexspiratorische Fluss
(EEF) gegen null geht;
einen Vorschlag, Gründe für einen erhöhten At-
mungstrieb des Patienten zu untersuchen; und
einen Vorschlag, den Beatmungsdruck zu ver-
ringern, um das zugeführte Atemvolumen (VT)
zu verringern, sodass TE angemessen sein
kann, um das zugeführte VT vollständig auszu-
atmen,
oder worin der Patient kein atmungsauslösen-
der Patient ist und worin die eine oder mehreren
primären Empfehlungsnachrichten eines oder
mehr von Folgendem umfassen:
einen Vorschlag, die Atemfrequenz (RR) zu ver-
ringern;
einen Vorschlag, die Inspirationszeit (TI) zu ver-
ringern;
einen Vorschlag, Beatmungseinstellungen
nachzuregeln, bis der endexspiratorische Fluss
(EEF) gegen null geht; und
einen Vorschlag, den Beatmungsdruck zu ver-
ringern, um das zugeführte Atemvolumen (VT)
zu verringern, sodass TE angemessen sein
kann, um das zugeführte VT vollständig auszu-
atmen.

Revendications

1. Procédé mis en oeuvre par un ventilateur et permet-
tant de détecter une auto-pression expiratoire posi-
tive (auto-PEEP) pendant une ventilation sous pres-
sion, le procédé comprenant les étapes consistant
à :

collecter des données associées à des paramè-
tres ventilatoires ;
traiter les données de paramètres ventilatoires
collectées, le traitement des données de para-
mètres ventilatoires collectées comprenant une
étape consistant à déduire des données de pa-
ramètres ventilatoires à partir des données de
paramètres ventilatoires collectées ;
analyser les données de paramètres ventilatoi-
res traitées,
caractérisé en ce que l’étape d’analyse des
données de paramètres ventilatoires traitées
comprend les étapes consistant à :

obtenir un ou plusieurs seuil(s) prédétermi-
né(s) associé(s) aux données de paramè-
tres ventilatoires traitées ; et
détecter si les données de paramètres ven-
tilatoires traitées enfreignent le ou les
seuil(s) prédéterminé(s) ; et

caractérisé en outre en ce que le procédé
comprend en outre les étapes consistant à :

déterminer qu’une auto-PEEP est impli-
quée lors d’une détection que les données
de paramètres ventilatoires traitées enfrei-
gnent le ou les seuil(s) prédéterminé(s) ; et
générer une invite pertinente (510, 610,
702, 706, 802, 806) lorsqu’une auto-PEEP
est impliquée.

2. Procédé selon la revendication 1, dans lequel le pa-
tient est un patient déclencheur, ou dans lequel le
patient est un patient non déclencheur.

3. Procédé selon la revendication 1, dans lequel les
données de paramètres ventilatoires traitées com-
prennent des données de flux expiratoire, et dans
lequel l’étape d’analyse des données de paramètres
ventilatoires traitées comprend en outre les étapes
consistant à :

obtenir un ou plusieurs seuil(s) prédéterminé(s)
associé(s) à un flux expiratoire final (EEF) ;
détecter que ledit EEF est positif lorsque ledit
EEF enfreint le ou les seuil(s) prédéterminé(s) ;
et
déterminer qu’une auto-PEEP est impliquée
lorsqu’un EEF est positif pour un nombre pré-
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déterminé de respirations,
et/ou dans lequel les données de paramètres
ventilatoires traitées comprennent un temps ex-
piratoire (TE), et dans lequel l’étape d’analyse
des données de paramètres ventilatoires trai-
tées comprend en outre les étapes consistant à :

calculer un temps requis pour atteindre une
capacité résiduelle fonctionnelle (FRC) ;
comparer le temps requis pour atteindre
une FRC avec TE ; et
déterminer qu’une auto-PEEP est impli-
quée lorsque le temps requis pour atteindre
une FRC est supérieur à TE,
et/ou dans lequel les données de paramè-
tres ventilatoires traitées comprennent des
données de pression, et dans lequel l’étape
d’analyse des données de paramètres ven-
tilatoires traitées comprend en outre les éta-
pes consistant à :

obtenir un réglage de pression expiratoire posi-
tive (PEEP), ledit réglage de PEEP étant supé-
rieur ou égal à environ 0 cm de H2O ;
obtenir un ou plusieurs seuil(s) prédéterminé(s)
associé(s) à une pression expiratoire finale
(EEP) ;
détecter que ladite EEP enfreint le ou les seuil(s)
prédéterminé(s) lorsque ladite EEP, de laquelle
est retranché le réglage PEEP, est supérieure
au ou aux seuil(s) prédéterminé(s) ; et
déterminer qu’une auto-PEEP est impliquée
lorsque ladite EEP enfreint le ou les seuil(s) pré-
déterminé(s).

4. Procédé selon la revendication 1, dans lequel les
données de paramètres ventilatoires traitées com-
prennent des données de résistance respiratoire, et
dans lequel l’étape d’analyse des données de para-
mètres ventilatoires traitées comprend en outre les
étapes consistant à :

obtenir un ou plusieurs seuil(s) prédéterminé(s)
associé(s) aux données de résistance
respiratoire ;
détecter qu’une résistance respiratoire a aug-
menté lorsque les données de résistance respi-
ratoire enfreignent le ou les seuil(s)
prédéterminé(s) ; et
déterminer qu’une auto-PEEP est impliquée
lorsque la résistance respiratoire a augmenté.

5. Procédé selon la revendication 1, dans lequel les
données de paramètres ventilatoires traitées com-
prennent une constante temporelle pulmonaire et un
temps expiratoire (TE), et dans lequel l’étape d’ana-
lyse des données de paramètres ventilatoires trai-
tées comprend en outre les étapes consistant à :

comparer la constante temporelle pulmonaire à
TE ; et
déterminer qu’une auto-PEEP est impliquée
lorsque le TE est inférieur à un nombre prédé-
terminé de constantes temporelles pulmonai-
res.

6. Système de ventilation (200) comprenant :

au moins un processeur (116, 206) ; et
au moins une mémoire (112, 208), couplée en
communication audit au moins un processeur
(116, 206),
caractérisé en ce que :

le système de ventilation est configuré pour
générer une invite pertinente (510, 610,
702, 706, 802, 806) lorsqu’une auto-PEEP
est impliquée pendant une ventilation sous
pression ; et
la mémoire (112, 208) contient des instruc-
tions qui, lorsqu’elles sont exécutées par le
au moins un processeur (116, 206), met en
oeuvre un procédé comprenant les étapes
consistant à :

détecter qu’une auto-PEEP est impliquée ;
déterminer un message de notification (512,
612) approprié ;
déterminer un message de recommandation
(708) approprié ; et
afficher au moins un parmi le message de noti-
fication (512, 612) approprié et le message de
recommandation (708) approprié.

7. Système de ventilation selon la revendication 6,
comprenant en outre les étapes consistant à :

identifier des données de paramètres ventilatoi-
res traitées qui ont impliqué une auto-PEEP ; et
déterminer le message de notification (512, 612)
approprié en se basant au moins en partie sur
les données de paramètres ventilatoires traitées
qui ont impliqué une auto-PEEP.

8. Système de ventilation selon la revendication 7,
dans lequel le message de notification (512, 612)
approprié comprend une alerte selon laquelle une
auto-PEEP est impliquée et des informations con-
cernant les données de paramètres ventilatoires trai-
tées qui ont impliqué une auto-PEEP.

9. Système de ventilation selon la revendication 6,
dans lequel le message de recommandation (708)
approprié comprend un message de recommanda-
tion primaire et un message de recommandation se-
condaire.
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10. Système de ventilation selon la revendication 9,
dans lequel le patient est un patient déclencheur, et
dans lequel le message de recommandation primai-
re comprend une ou plusieurs parmi :

une suggestion de diminuer un temps inspira-
toire (TI) ;
une suggestion d’ajuster des réglages ventila-
toires jusqu’à ce qu’un flux expiratoire final
(EEF) avoisine zéro ; et
une suggestion de rechercher des raisons d’une
pulsion respiratoire de patient élevée, ou dans
lequel le patient est un patient non déclencheur,
et dans lequel le message de recommandation
primaire comprend une ou plusieurs parmi :

une suggestion de diminuer une fréquence
respiratoire (RR) ;
une suggestion de diminuer un temps ins-
piratoire (TI) ; et
une suggestion d’ajuster des réglages ven-
tilatoires jusqu’à ce qu’un flux expiratoire fi-
nal (EEF) avoisine zéro.

11. Système de ventilation selon la revendication 9,
dans lequel un ventilateur (100, 202) détecte qu’un
flux est d’environ zéro pendant une inspiration, et
dans lequel le ventilateur (100, 202) détermine un
temps t à partir d’une détection d’un flux à peu près
nul jusqu’à ce qu’un temps inspiratoire (TI) défini se
termine, le message de recommandation primaire
comprenant une ou plusieurs parmi :

une suggestion de diminuer TI, ladite diminution
étant inférieure ou égale à t, de telle manière
qu’un temps expiratoire (TE) peut être augmenté
tout en maintenant un volume respiratoire cou-
rant (VT) ; et
une suggestion de diminuer TI, ladite diminution
étant supérieure à t, de telle manière que TE
peut être augmenté, dans lequel, lorsque TI est
diminué d’un montant supérieur à t, la recom-
mandation primaire comprend en outre :

une suggestion d’augmenter une pression
inspiratoire (IP) afin de maintenir VT.

12. Système de ventilation selon la revendication 9,
dans lequel le message de recommandation secon-
daire comprend une ou plusieurs suggestion(s) per-
mettant de fournir un temps expiratoire (TE) adéquat
comprenant une suggestion de diminuer une pres-
sion inspiratoire afin de diminuer un volume respira-
toire courant (VT) fourni, de telle manière que TE
peut être adéquat pour expirer complètement ledit
VT fourni.

13. Interface utilisateur graphique (500, 600, 700, 800)

pour un ventilateur (100, 202), ledit ventilateur (100,
202) étant configuré avec un ordinateur présentant
une interface utilisateur comprenant l’interface utili-
sateur graphique (500, 600, 700, 800) afin d’accep-
ter des commandes et afin d’afficher des informa-
tions, l’interface utilisateur graphique (500, 600, 700,
800) comprenant au moins une fenêtre ;
caractérisée en ce que l’interface utilisateur gra-
phique (500, 600, 700, 800) :

est configurée pour afficher une ou plusieurs in-
vite(s) pertinente(s) (510, 610, 702, 706, 802,
806) correspondant à un état détecté ; et
comprend un ou plusieurs élément(s) au sein
de la au moins une fenêtre comprenant au moins
un élément d’invite pertinente afin de communi-
quer des informations concernant l’état détecté,
ledit état détecté étant une auto-PEEP.

14. Interface utilisateur graphique selon la revendication
13, dans laquelle le au moins un élément d’invite
pertinente comprend en outre au moins un parmi un
message de notification (512, 612) et un ou plusieurs
message(s) de recommandation (708), dans laquel-
le le message de notification (512, 612) comprend
une alerte associée à une implication détectée d’une
auto-PEEP, et dans laquelle le ou les message(s)
de recommandation (708, 808) comprennent une ou
plusieurs suggestion(s) destinée(s) à atténuer une
auto-PEEP.

15. Interface utilisateur graphique selon la revendication
14, dans laquelle le patient est un patient déclen-
cheur, et dans laquelle le ou les message(s) de re-
commandation comprennent une ou plusieurs
parmi :

une suggestion de diminuer un temps inspira-
toire (TI) ;
une suggestion d’ajuster des réglages ventila-
toires jusqu’à ce qu’un flux expiratoire final
(EEF) avoisine zéro ;
une suggestion de rechercher des raisons d’une
pulsion respiratoire de patient élevée ; et
une suggestion de diminuer une pression inspi-
ratoire afin de diminuer un volume respiratoire
courant (VT) fourni, de telle manière que TE peut
être adéquat pour expirer complètement ledit VT
fourni,
ou dans laquelle le patient est un patient non
déclencheur, et dans laquelle le ou les messa-
ge(s) de recommandation comprennent une ou
plusieurs parmi :

une suggestion de diminuer une fréquence
respiratoire (RR) ;
une suggestion de diminuer un temps ins-
piratoire (TI) ;
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une suggestion d’ajuster des réglages ven-
tilatoires jusqu’à ce qu’un flux expiratoire fi-
nal (EEF) avoisine zéro ; et
une suggestion de diminuer une pression
inspiratoire afin de diminuer un volume res-
piratoire courant (VT) fourni, de telle maniè-
re que TE peut être adéquat pour expirer
complètement ledit VT fourni.
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