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(57) ABSTRACT 
This disclosure describes systems and methods for monitor 
ing and evaluating ventilatory data to provide useful notifi 
cations and/or recommendations. Indeed, many clinicians 
may not easily identify or recognize data patterns and corre 
lations indicative of certain patient conditions or the effec 
tiveness of ventilatory treatment. Further, clinicians may not 
readily determine appropriate adjustments that may address 
certain patient conditions or the effectiveness of ventilatory 
treatment. Specifically, clinicians may not readily detect or 
recognize the occurrence of high-delivered V, during various 
types of ventilation. According to embodiments, a ventilator 
may be configured to monitor and evaluate diverse ventilatory 
parameters to detect an occurrence of and potential causes for 
high-delivered V and may subsequently issue suitable noti 
fications and/or recommendations. The Suitable notifications 
and/or recommendations may further be provided in a hier 
archical format Such that the clinician may selectively access 
information regarding the high-delivered V and/or potential 
causes for the high-delivered V. 
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VENTILATOR-INITIATED PROMPT 
REGARDINGHGH-DELVERED TDAL 

VOLUME 

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 communication, computing, and 
control technologies. As a result, modern ventilatory equip 
ment has become increasingly complex, providing for detec 
tion and evaluation of a myriad of ventilatory parameters. 
However, due to the shear magnitude of available ventilatory 
data, many clinicians may not readily identify certain patient 
conditions and/or changes in patient condition. For example, 
during various types of Volume or pressure ventilation, the 
delivered tidal volume (V) may be higher than a thresholdV. 
setting. Even so, the difference between the delivered tidal 
volume (V) and the threshold V setting may be within an 
acceptable range Such that the ventilator does not alarm. As 
Such, the clinician may be unaware that high-delivered V has 
occurred. Indeed, high-delivered V may occur for a variety 
of reasons, e.g., decreased dynamic resistance, increased 
dynamic compliance, increased patient effort, etc. Thus, it 
may not only be difficult for a clinician to identify the occur 
rence of high-delivered V, but it may also be difficult for the 
clinician to appropriately respond when potential causes for 
the high-delivered V are unknown. 
0002 Indeed, clinicians and patients may greatly benefit 
from ventilator notifications when the ventilator detects cer 
tain patient conditions, changes in patient condition, effec 
tiveness of ventilatory therapy, etc., based on an evaluation of 
available ventilatory data. 
0003 Ventilator-Initiated Prompt Regarding High-Deliv 
ered Tidal Volume 
0004. This disclosure describes systems and methods for 
monitoring and evaluating ventilatory parameters, analyzing 
ventilatory data associated with those parameters, and pro 
viding useful notifications and/or recommendations to clini 
cians. Modern Ventilators monitor, evaluate, and graphically 
represent a myriad of ventilatory parameters. However, many 
clinicians may not easily identify or recognize data patterns 
and correlations indicative of certain patient conditions, 
changes in patient condition, and/or effectiveness of ventila 
tory treatment. Further, clinicians may not readily determine 
appropriate ventilatory adjustments that may address certain 
patient conditions and/or the effectiveness of ventilatory 
treatment. Specifically, clinicians may not readily detect or 
recognize the occurrence of high-delivered V, during various 
types of ventilation (e.g., Volume control (VC) ventilation, 
pressure control (PC) ventilation, pressure support (PS) ven 
tilation, Volume-targeted-pressure-control (VC+), Volume 
targeted-pressure-support (VS) ventilation, proportional 
assist (PA) ventilation, etc.). According to embodiments, a 
ventilator may be configured to monitor and evaluate diverse 
ventilatory parameters to detect both the occurrence and 
potential causes for high-delivered V. Subsequently, the 
ventilator may issue Suitable notifications and recommenda 
tions for addressing the high-delivered V. The suitable noti 
fications and recommendations may further be provided in a 
hierarchical format such that the clinician may selectively 
access information regarding the occurrence of high-deliv 
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ered V information regarding potential causes for the high 
delivered V, and/or information regarding one or more rec 
ommendations for addressing the high-delivered V. In more 
automated systems, the one or more recommendations may 
be automatically implemented. 
0005 According to embodiments, a ventilator-imple 
mented method for detecting high-delivered tidal volume 
(V) during ventilation is provided. The method comprises 
receiving one or more ventilatory settings, wherein the one or 
more ventilatory settings include a threshold V, and collect 
ing ventilatory data. The method further comprises process 
ing the collected ventilatory data, wherein processing the 
collected ventilatory data includes determining a delivered 
V. The method further comprises analyzing the delivered V 
by comparing the delivered V to the threshold V, and detect 
ing high-delivered V, upon determining that the delivered V 
is greater than the threshold V. The method further includes 
displaying a Smart prompt when high-delivered V is 
detected. 
0006. According to additional embodiments, a ventilatory 
system for issuing a smart prompt when high-delivered Vis 
detected during ventilation is provided. The ventilatory sys 
tem comprises at least one processor and at least one memory 
containing instructions that when executed by the at least one 
processor perform a method. The method comprises detect 
ing high-delivered V, identifying one or more potential 
causes for the high-delivered V, and determining one or 
more recommendations for addressing the high-delivered V. 
The method further comprises displaying a smart prompt 
comprising one or more of an alert regarding the high-deliv 
ered V, a notification message displaying the one or more 
potential causes for the high-delivered V, and a recommen 
dation message displaying the one or more recommendations 
for addressing the high-delivered V. 
0007 According to additional embodiments, a graphical 
user interface for displaying one or more Smart prompts cor 
responding to a detected condition is provided. The graphical 
user interface comprises at least one window and one or more 
elements within the at least one window. The one or more 
elements comprise at least one Smart prompt element for 
communicating information regarding the detected condi 
tion, wherein the detected condition is high-delivered V. 
0008 According to additional embodiments, a ventilator 
processing interface for displaying a Smart prompt in 
response to detecting high-delivered V is provided. The ven 
tilator processing interface comprises means for retrieving at 
least some ventilatory data and means for detecting the high 
delivered V. The ventilator processing interface further com 
prises means for identifying one or more potential causes for 
the high-delivered V. The ventilator processing interface 
further comprises means for displaying the Smart prompt 
comprising a notification message regarding the high-deliv 
ered V and the one or more potential causes for the high 
delivered V. 
0009. These and various other features as well as advan 
tages which characterize the systems and methods described 
herein will be apparent from a reading of the following 
detailed description and a review of the associated 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 technology will be realized and attained by 
the structure particularly pointed out in the written descrip 
tion and claims hereofas well as the appended drawings. 
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0010. It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. 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 appended hereto. 
0012 FIG. 1 is a diagram illustrating an embodiment of an 
exemplary ventilator connected to a human patient. 
0013 FIG. 2 is a block-diagram illustrating an embodi 
ment of a ventilatory system for monitoring and evaluating 
ventilatory parameters to detect high-delivered V and to 
identify potential causes for the high-delivered V. 
0014 FIG. 3 is a flow chart illustrating an embodiment of 
a method for detecting high-delivered V and issuing a suit 
able Smart prompt. 
0015 FIG. 4 is a flow chart illustrating an embodiment of 
a method for detecting potential causes for high-delivered V 
and issuing a Suitable Smart prompt. 
0016 FIG. 5 is an illustration of an embodiment of a 
graphical user interface displaying a Smart prompt element in 
a window having a notification regarding high-delivered V. 
and regarding a potential cause for the high-delivered V. 
0017 FIG. 6 is an illustration of an embodiment of a 
graphical user interface displaying an expanded Smart prompt 
element in a window having a notification message regarding 
high-delivered V and a recommendation message regarding 
addressing the high-delivered V. 

DETAILED DESCRIPTION 

0018. Although the techniques introduced above and dis 
cussed in detail below may be implemented for a variety of 
medical devices, the present disclosure will discuss the 
implementation of these techniques for use in a mechanical 
ventilator system. The reader will understand that the tech 
nology described in the context of a ventilator system could 
be adapted for use with other therapeutic equipment for alert 
ing and advising clinicians regarding detected patient condi 
tions. 

0019. This disclosure describes systems and methods for 
monitoring and evaluating ventilatory parameters, analyzing 
ventilatory data associated with those parameters, and pro 
viding useful notifications and/or recommendations to clini 
cians. Modern Ventilators monitor, evaluate, and graphically 
represent a myriad of ventilatory parameters. However, many 
clinicians may not easily identify or recognize data patterns 
and correlations indicative of certain patient conditions, 
changes in patient condition, and/or effectiveness of ventila 
tory treatment. Further, clinicians may not readily determine 
appropriate ventilatory adjustments that may address certain 
patient conditions and/or the effectiveness of ventilatory 
treatment. Specifically, clinicians may not readily detect the 
occurrence of high-delivered V or identify potential causes 
for the high-delivered V. 
0020. According to embodiments, a ventilator may be 
configured to monitor and evaluate diverse ventilatory param 
eters to detect an occurrence of high-delivered V and may 
identify potential causes for the high-delivered V. Thereaf 
ter, the ventilator may issue Suitable notifications regarding 
the occurrence of the high-delivered V and may issue Suit 
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able recommendations based on the potential causes for the 
high-delivered V. The suitable notifications and recommen 
dations may further be provided in a hierarchical format such 
that the clinician may selectively access information regard 
ing the occurrence of high-delivered V information regard 
ing potential causes for the high-delivered V, and/or infor 
mation regarding one or more recommendations for 
addressing the high-delivered V. In more automated sys 
tems, the one or more recommendations may be automati 
cally implemented. 

Ventilator System 
0021 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 breath 
ing gases to and from patient 150 via the ventilation tubing 
system 130, which couples the patient to the pneumatic sys 
tem via an invasive (e.g., endotracheal tube, as shown) or a 
non-invasive (e.g., nasal mask) patient interface. 
0022 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 expiratory limb 134 of the ven 
tilation tubing system 130. 
0023. Pneumatic system 102 may be configured in a vari 
ety of ways. In the present example, system 102 includes an 
exhalation module 108 coupled with the expiratory limb 134 
and an inhalation 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 inha 
lation module 104 to provide a gas source for ventilatory 
support via inspiratory limb 132. 
0024. The pneumatic system 102 may include a variety of 
other components, including mixing modules, valves, sen 
sors, tubing, accumulators, filters, etc. Controller 110 is 
operatively coupled with pneumatic system 102, signal mea 
Surement 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 parameters, 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 122 to serve both as an input and output device. 
0025. 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 opera 
tion 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 connected to the processor 116 
through a mass storage controller (not shown) and a commu 
nications bus (not shown). Although the description of com 
puter-readable media contained herein refers to a solid-state 
storage, it should be appreciated by those skilled in the art that 
computer-readable storage media can be any available media 
that can be accessed by the processor 116. That is, computer 
readable storage media includes non-transitory, Volatile and 
non-volatile, removable and non-removable media imple 
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mented in any method or technology for storage of informa 
tion Such as computer-readable instructions, data structures, 
program modules or other data. For example, computer-read 
able storage media includes RAM, ROM, EPROM, 
EEPROM, flash memory or other solid state memory tech 
nology, CD-ROM, DVD, or other optical storage, magnetic 
cassettes, magnetic tape, magnetic disk storage or other mag 
netic storage devices, or any other medium which can be used 
to store the desired information and which can be accessed by 
the computer. 
0026 Communication between components of the venti 
latory 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 “Transmis 
sion Control Protocol/Internet Protocol and provides a basic 
communication language for many local networks (such as 
intra- or extranets) and is the primary communication lan 
guage for the Internet. Specifically, TCP/IP is a bi-layer pro 
tocol 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 properly 
received at a destination. 

Ventilator Components 
0027 FIG. 2 is a block-diagram illustrating an embodi 
ment of a ventilatory system for monitoring and evaluating 
ventilatory parameters to detect high-delivered V, and to 
identify potential causes for the high-delivered V. 
0028 Ventilatory system 200 includes ventilator 202 with 

its various modules and components. That is, ventilator 202 
may further include, inter alia, memory 208, one or more 
processors 206, user interface 210, and ventilation module 
212 (which may further include an inspiration module 214 
and an exhalation module 216). Memory 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. 
0029. The ventilatory system 200 may also include a dis 
play module 204 communicatively coupled to ventilator 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 provide various windows (i.e., 
visual areas) comprising elements for receiving user input 
and interface command operations and for displaying venti 
latory information (e.g., ventilatory data, alerts, patient infor 
mation, parameter settings, etc.). The elements may include 
controls, graphics, charts, tool bars, input fields, Smart 
prompts, etc. Alternatively, other Suitable means of commu 
nication 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 provide useful information in the form of various venti 
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latory data regarding the physical condition of a patient and/ 
or a prescribed respiratory treatment. The useful information 
may be derived by the ventilator 202, based on data collected 
by a data processing module 222, and the useful information 
may be displayed to the clinician in the form of graphs, wave 
representations, pie graphs, or other Suitable forms of graphic 
display. For example, one or more Smart prompts may be 
displayed on the GUI and/or display module 204 upon detec 
tion of high-delivered V. Additionally or alternatively, one or 
more Smart prompts may be communicated to a remote moni 
toring system coupled via any suitable means to the ventila 
tory system 200. 

Equation of Motion 

0030 Ventilation module 212 may oversee ventilation of a 
patient according to ventilatory settings. Ventilatory settings 
may include any appropriate input for configuring the venti 
lator to deliver breathable gases to a particular patient. Ven 
tilatory settings may be entered by a clinician, e.g., based on 
a prescribed treatment protocol for the particular patient, or 
automatically generated by the ventilator, e.g., based on 
attributes (i.e., age, diagnosis, ideal body weight, gender, etc.) 
of the particular patient according to any appropriate standard 
protocol or otherwise. For example, ventilatory settings may 
include, inter cilia, tidal volume (V), respiratory rate (RR), 
inspiratory time (T), inspiratory pressure (P), pressure Sup 
port (Ps), rise time percent (rise time 96), peak flow, flow 
pattern, etc. 
0031. By way of general overview, the basic elements 
impacting ventilation may be described by the following ven 
tilatory equation (also known as the Equation of Motion): 

During inspiration, P represents the positive pressure deliv 
ered by a ventilator (generally in cm H2O). P, 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 P is equivalent to 0 cm H2O. Alternatively, when the 
ventilator is not delivering positive pressure (i.e., PF0 cm 
H2O), P., may be calculated according to the following for 
mula: 

As referenced in the above formulas, V represents the tidal 
volume delivered based on the pressure supplied, C refers to 
the compliance, E refers to elastance, R represents the resis 
tance, and F represents the gas flow during inspiration (gen 
erally in liters per min (L/m)). According to Some embodi 
ments, P., may be derived based on collected ventilatory data 
(see equation above). According to other embodiments, P. 
may be measured directly by various distributed pressure 
sensors or otherwise. According to some embodiments, the 
ventilator may manipulate P, data (either measured or 
derived) to estimate or quantify patient effort in terms of 
pressure (i.e., cmH2O), in terms of a change in pressure over 
time (i.e., cmH2O/s), or in terms of work (e.g., joules/liter 
(J/L)). 
0032. Alternatively, during exhalation, the Equation of 
Motion may be represented as: 

P+P = V/C+R*F 

Here, P, represents the positive pressure existing in the lungs 
(generally in cm H2O), P, represents the transairway pressure, 
V represents the tidal volume exhaled, C refers to the com 
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pliance, R represents the resistance, and F represents the gas 
flow during exhalation (generally in liters per min (L/m)). 

Pressure 

0033 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 P is 
Zero, i.e., no ventilatory pressure is being delivered, the upper 
airway opening pressure 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, inhalation) until 
the pressure is equalized. When tidal volume (V) 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). 
0034 Lung pressure or alveolar pressure, P. may be mea 
sured or derived. For example, P. may be measured via a 
distal pressure transducer or other sensor near the lungs and/ 
or the diaphragm. Alternatively, P. may be estimated by mea 
Suring the plateau pressure, P., via a proximal pressure 
transducer or other sensor at or near the airway opening. 
Plateau pressure, P, 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 inspira 
tory hold or pause maneuver, or a breath-hold maneuver. That 
is, when inspiration is held, pressure inside the alveoli 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 positive pressure is observed as a 
plateau in the pressure waveform that is slightly below the 
peak inspiratory pressure, P., prior to initiation of exhala 
tion. As may be appreciated, for accurate measurement of 
P, the patient should be sedated or non-spontaneous (as 
muscular effort during the inspiratory pause may skew the 
pressure measurement). Upon determining P. based on the 
pressure waveform or otherwise, P. may be used as an 
estimate of P. (alveolar pressure). 

Flow and Volume 

0035 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=AV/At). Flow is generally 
expressed in liters per minute (L/m or 1 pm) and, depending 
on whether gases are flowing into or out of the lungs, flow 
may be referred to as inspiratory flow (positive flow) or expi 
ratory flow (negative flow), respectively. According to 
embodiments, 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., expiratory 
flow. 
0036. As may be appreciated, volume and flow are closely 
related. That is, where flow is known or regulated, volume 
may be derived based on elapsed time. For example, during 
volume-controlled (VC) ventilation, a tidal volume, V may 
be delivered upon reaching a set inspiratory time (T) at set 
inspiratory flow. Alternatively, set V and set inspiratory flow 
may determine the amount of time required for inspiration, 
i.e., T. During pressure control (PC) ventilation, pressure 
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Support (PS) ventilation, Volume-targeted-pressure-control 
(VC+), volume-targeted-pressure-support (VS) ventilation, 
or proportional assist (PA) ventilation, delivered tidal volume 
may be determined based on integrating the flow waveform 
over T. (set T in the case of PC or VC+ ventilation or patient 
determined T, in the case of PS, PA, and VS ventilation). For 
purposes of this disclosure, the terms “set V, or “target V, 
are used to refer to a ventilatory setting configured to deliver 
a particular volume of gases to a patient's lungs. Further, set 
V (or target V) may be configured by the clinician, auto 
matically configured by the ventilator according to an appro 
priate protocol (e.g., based on one or more patient attributes 
including age, gender diagnosis, PBW or IBW), or otherwise. 

Compliance 

0037 Additional ventilatory parameters that may be mea 
Sured and/or derived may include compliance and resistance, 
which refer to the load against which the patient and/or the 
ventilator must work to deliver gases to the lungs. 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 ventilation, compliance refers 
to the lung Volume achieved for a given amount of delivered 
pressure (C=AV/AP). Increased compliance may be detected 
when the ventilator measures an increased volume relative to 
the given amount of delivered pressure. Some lung diseases 
(e.g., acute respiratory distress syndrome (ARDS)) may 
decrease 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. 
0038 According to embodiments, static compliance and 
dynamic compliance may be calculated. Static compliance, 
C, 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 repre 
sent compliance as affected by elastic recoil of the alveoli. As 
described above, Prefers to a slight plateau in pressure that 
is observed after relaxation of pleural muscles and elastic 
recoil, i.e., representing pressure delivered to overcome elas 
tic forces. As such, P. provides a basis for estimating Cs as 
follows: 

Cs-V(P-EEP) 

Where V, refers to tidal volume, P, refers to plateau pres 
sure, and EEP refers to end-expiratory pressure, or baseline 
pressure (including PEEP plus Auto-PEEP, if any), as dis 
cussed below. Note that proper calculation of Cs depends on 
accurate measurement of V and P. 
0039 Dynamic compliance, C, is measured during air 
flow and, as Such, is impacted by both elastic recoil and 
airway resistance. Peak inspiratory pressure, P., 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 C, as follows: 

Where V, refers to tidal Volume, P, refers to peak inspira 
tory pressure, and EEP refers to end-expiratory pressure. 
According to embodiments, the term “compliance' may gen 
erally refer to dynamic compliance unless specified. Accord 
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ing to embodiments, ventilatory data may be more readily 
available for trending compliance of non-triggering patients 
than of triggering patients. 

Resistance 

0040. Resistance refers to frictional forces that resist air 
flow, e.g., due to synthetic structures (e.g., endotracheal tube, 
exhalation valve, etc.), anatomical structures (e.g., bronchial 
tree, esophagus, etc.), or viscous tissues of the lungs and 
adjacent organs. Resistance is highly dependant on the diam 
eter 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, decreasing the diameter of the 
airway results in an exponential increase in resistance (e.g., 
two-times reduction of diameter increases resistance by six 
teen times). As may be appreciated, resistance may also 
increase due to a restriction of the airway that is the result of 
inter alia, increased secretions, bronchial edema, mucous 
plugs, brochospasm, and/or kinking of the patient interface 
(e.g., invasive endotracheal or tracheostomy tubes). 
0041 Airway resistance may further be represented math 
ematically as: 

Where P, refers to the transairway pressure and Frefers to the 
flow. That is, P, 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 

0042. As discussed above, compliance refers to the lung 
Volume achieved for a given amount of delivered pressure 
(C=AV/AP). That is, stated differently, volume delivered is 
equivalent to the compliance multiplied by the delivered pres 
sure (AV-CAP). However, as the lungs are not perfectly 
elastic, a period of time is needed to deliver the volume AV at 
pressure AP. A pulmonary time constant, T, may represent a 
time necessary to inflate or exhale a given percentage of the 
volume at delivered pressure AP. The pulmonary time con 
stant, Z, may be calculated by multiplying the resistance by 
the compliance (t=R*C) for a given patient and Z is generally 
represented in seconds, S. The pulmonary time constant asso 
ciated with exhalation of the given percentage of volume may 
be termed an expiratory time constant and the pulmonary time 
constant associated with inhalation of the given percentage of 
Volume may be termed an inspiratory time constant. 
0043. According to some embodiments, when expiratory 
resistance data is available, the pulmonary time constant may 
be calculated by multiplying expiratory resistance by com 
pliance. According to alternative embodiments, the pulmo 
nary time constant may be calculated based on inspiratory 
resistance and compliance. According to further embodi 
ments, the expiratory time, T, should be equal to or greater 
than a predetermined number of pulmonary time constants 
(e.g., about three pulmonary time constants) to ensure 
adequate exhalation. The predetermined number of pulmo 
nary time constants may be selected via any Suitable means, 
e.g., a standard protocol, an institutional protocol, clinician 
input, etc. According to embodiments, for a spontaneously 
breathing patient, T (e.g., determined by trending T or oth 
erwise) should be equal to or greater than the predetermined 
number of pulmonary time constants. For a non-spontane 
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ously-breathing patient, set RR should yield a T that is equal 
to or greater than the predetermined number of pulmonary 
time constants. 

Inspiration 

0044 Ventilation module 212 may further include an 
inspiration module 214 configured to deliver gases to the 
patient according to prescribed ventilatory settings. Specifi 
cally, inspiration module 214 may correspond to the inhala 
tion 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 according to various venti 
latory types and modes, e.g., via Volume-targeted, pressure 
targeted, or via any other Suitable type of ventilation. 
0045. According to embodiments, the inspiration module 
214 may provide ventilation via a form of volume ventilation. 
Volume ventilation refers to various forms of volume-tar 
geted ventilation that regulate Volume delivery to the patient. 
Different types of volume ventilation are available depending 
on the specific implementation of volume regulation. Volume 
ventilation may include Volume-control (VC), Volume-assist, 
or volume assist/control ventilation. Volume control (VC) 
ventilation may be provided by delivering a set peak flow and 
flow pattern for a period of time (T,) to deliver a prescribed 
tidal Volume (i.e., set V?) to the patient. For non-spontane 
ously-breathing patients, a set V, and inspiratory time (T) 
may be configured during ventilation start-up, e.g., based on 
the patient’s predicted or ideal body weight (PBW or IBW). 
In this case, flow will be dependent on the set V and set T. 
Alternatively, set V and a peak flow and flow pattern may be 
set such that T is a function of these settings. For spontane 
ously-breathing patients, a set V may be configured and the 
patient may determine T. 
0046 According to embodiments, during volume ventila 
tion, as Volume and flow are regulated by the ventilator, 
delivered V, flow waveforms (or flow traces), and volume 
waveforms may be constant and may not be affected by 
variations in lung or airway characteristics (e.g., compliance 
and/or resistance). Alternatively, pressure readings may fluc 
tuate based on lung or airway characteristics. According to 
Some embodiments, the ventilator may control the inspiratory 
flow and then derive Volume based on integrating the inspira 
tory flow over elapsed time. 
0047 According to alternative embodiments, the inspira 
tion module 214 may provide ventilation via a form of pres 
Sure ventilation. Pressure-targeted types of ventilation may 
be provided by regulating the pressure delivered to the patient 
in various ways. According to embodiments described herein, 
pressure support (PS) ventilation and pressure control (PC) 
ventilation may be accomplished by setting an inspiratory 
pressure (P) (or a pressure Support level, Ps) for delivery 
to the patient. Pressure ventilation may also include volume 
targeted-pressure-control (VC+) or Volume-targeted-pres 
sure-support (VS) ventilation, in which a set V is targeted by 
calculating and delivering an effective pressure at the patient 
airway. Furthermore, pressure ventilation may include pro 
portional assist (PA) ventilation, in which a pressure is tar 
geted that is a function of a clinician-selected percent Support, 
PEEP, an estimate of the patient’s resistance and elastance, 
and a calculation of tube resistance. 
0048. According to embodiments, during pressure control 
(PC) ventilation, the ventilator delivers mandatory breaths to 
a patient by “targeting a pressure at the patientairway, which 
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target pressure is equivalent to a set PEEP (if any) plus a set P. 
For example, the ventilator may increase pressure in the 
patient airway based on a set rise time 96, which dictates how 
quickly the ventilator will generate the target pressure within 
a set T. The pressure trajectory for a PC breath type depends 
on the set P set PEEP, set T and the rise time%. In contrast, 
the flow-delivery profile is dependent on the rise time %, the 
patient's resistance and compliance, and the patients inspira 
tory effort (if any). According to embodiments, during PC 
ventilation, the ventilator may further determine delivered V. 
at the end of inspiration and compare the delivered V to a 
threshold V, setting. 
0049 According to alternative embodiments, during vol 
ume-targeted-pressure-control (VC+) ventilation the ventila 
tor delivers mandatory breaths to a patient by calculating and 
delivering an effective pressure in the patient circuit that is 
projected to achieve a target tidal Volume (V) within a set 
inspiratory time (T). More specifically, at the beginning of 
each breath, the ventilator may retrieve data regarding the 
end-inspiratory pressure (EIP), the end-expiratory pressure 
(EEP), and the delivered volume associated with the last 
breath cycle. For example, delivered volume (delivered V) 
may be determined based on integrating the net flow during 
the last inspiration and applying various Volume compensa 
tions (e.g., tube compliance). Thereafter, the ventilator may 
utilize the retrieved data, the delivered V, and the patient’s 
IBW or PBW to estimate the patient’s compliance and may 
calculate a revised effective pressure for use in the next 
breathing cycle that is projected to deliver the set V. Accord 
ing to embodiments, during VC+ Ventilation, the ventilator 
may further determine delivered V at the end of inspiration 
and compare the delivered V to a threshold V, setting. 
0050. According to alternative embodiments, during pres 
sure support (PS) ventilation, the ventilator delivers breaths 
spontaneously to a patient by “targeting a pressure at the 
patient airway that is equivalent to a set PEEP plus a set 
pressure Support (Ps) level. For example, upon detection 
of an inspiratory effort the ventilator may increase pressure in 
the patient airway based on a set rise time % to achieve the 
target pressure. The pressure trajectory for a PS breath type 
depends on the set Ps, set PEEP and set rise time %. In 
contrast, the flow-delivery profile is a function of the rise time 
%, the patient's resistance and compliance, and the patients 
inspiratory effort. According to embodiments, during PSven 
tilation, the ventilator may further determine delivered V at 
the end of inspiration and compare the delivered V to a 
threshold V, setting. 
0051. According to alternative embodiments, during vol 
ume-targeted-pressure-support (VS) ventilation, the ventila 
tor delivers spontaneous breaths to a patient by calculating 
and delivering an effective pressure in the patient circuit that 
is projected to achieve a set (or target) V. More specifically, 
at the beginning of each breath, the ventilator may retrieve 
data regarding the end-inspiratory pressure (EIP), the end 
expiratory pressure (EEP), and the delivered volume associ 
ated with the last breath cycle. For example, delivered volume 
(deliveredV) may be determined based on integrating the net 
flow during the last inspiration and applying various Volume 
compensations (e.g., tube compliance). Thereafter, the ven 
tilator may utilize the retrieved data, the delivered V, and the 
patient’s IBW or PBW to estimate the patient’s compliance 
and may calculate a revised effective pressure for use in the 
next breathing cycle that is projected to deliver the set V. 
According to embodiments, during VS ventilation, the ven 
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tilator may further determine delivered V at the end of inspi 
ration and compare the delivered V to a threshold Vsetting. 
0.052 According to still other embodiments, during pro 
portional assist (PA) ventilation, the ventilator delivers a tar 
get pressure to the patient airway that is a function of a 
clinician-selected percent support, set PEEP, an estimate of 
the patient's resistance and elastance, and a calculation of the 
tube resistance (dependent on tube type and the internal diam 
eter of the tube). According to embodiments, during PAven 
tilation, the ventilator may further determine delivered V at 
the end of inspiration and compare the delivered V to a 
threshold V, setting. 
0053 According to further embodiments, the ventilator 
may be configured in various modes for delivering the various 
breath types. For example, in A/C mode, the ventilator may be 
configured to deliver VC, PC or VC+ breath types that are 
either initiated by the ventilator according to a set RR (e.g., 
ventilator-initiated-mandatory breaths or VIMs) or initiated 
by the patient based on detected inspiratory effort (e.g., 
patient-initiated-mandatory breaths or PIMs). According to 
an alternative example, in bi-level mode, the ventilator may 
alternate between high and low PEEP settings and may be 
configured to deliver PC, PA, or PS breath types, depending 
on whether the patient is spontaneously-breathing or not. 
Alternatively, in SIMV mode, the ventilator may be config 
ured to deliver VC, PC or VC+ breath types during a manda 
tory interval (VIMs or PIMs) and to deliver either PA or PS 
breath types during a spontaneous interval. Alternatively still, 
in a spontaneous mode, the ventilator may be configured to 
deliver either PA or PS breath types to a spontaneously 
breathing patient. Indeed, the ventilator may be configured to 
deliver pressure-based breaths according to any appropriate 
ventilatory mode or otherwise. 

Exhalation 

0054 Ventilation module 212 may further include an 
exhalation module 216 configured to release gases from the 
patient’s lungs according to prescribed ventilatory settings. 
Specifically, exhalation module 216 may correspond to exha 
lation module 108 or may otherwise be associated with and/or 
control an exhalation valve for releasing gases from the 
patient. By way of general overview, a ventilator may initiate 
exhalation based on lapse of an inspiratory time setting (T) or 
other cycling criteria set by the clinician or derived from 
ventilator settings (e.g., detecting delivery of prescribed V or 
prescribed P, based on a reference trajectory). Alternatively, 
exhalation may be cycled based on detection of patient effort 
or otherwise. Upon initiating the exhalation phase, exhalation 
module 216 may allow the patient to exhale by opening an 
exhalation valve. As such, exhalation is passive, and the direc 
tion of airflow, as described above, is governed by the pres 
Sure gradient between the patient’s lungs (higher pressure) 
and the ambient Surface pressure (lower pressure). Although 
expiratory flow is passive, it may be regulated by the ventila 
tor based on the size of the exhalation valve opening. Indeed, 
the ventilator may regulate the exhalation valve in order to 
target set PEEP by applying a number of calculations and/or 
trajectories. 
0055 For a spontaneously-breathing patient, expiratory 
time (T,) is the time from the end of inspiration until the 
patient triggers the next inspiration. For a non-spontaneously 
breathing patient, it is the time from the end of inspiration 
until the next inspiration based on the set T and set RR. As 
may be further appreciated, at the point of transition between 
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inspiration and exhalation, the direction 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 ven 
tilatory circuit until P is reached (i.e., P. plus PEEP or 
Ps plus PEEP), at which point flow approximates Zero. 
Thereafter, upon initiation of exhalation, expiratory flow is 
measurable in the ventilatory circuit until the pressure gradi 
ent between the lungs and the body's surface reaches zero 
(again, resulting in Zero flow). However, in Some cases, expi 
ratory flow may still be positive, i.e., measurable, at the end of 
exhalation (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 
patient has not completely exhaled. 

Ventilator Synchrony and Patient Triggering 
0056. According to some embodiments, the inspiration 
module 214 and/or the exhalation module 216 may be con 
figured to synchronize ventilation with a spontaneously 
breathing, or triggering, patient. That is, the ventilator may be 
configured to detect patient effort and may initiate a transition 
from exhalation to inhalation (or from inhalation to exhala 
tion) in response. Triggering refers to the transition from 
exhalation to inhalation in order to distinguish it from the 
transition from inhalation to exhalation (referred to as 
cycling). Ventilation systems, depending on their mode of 
operation, may trigger and/or cycle automatically, or in 
response to a detection of patient effort, or both. 
0057 Specifically, the ventilator may detect patient effort 
via a pressure-monitoring method, a flow-monitoring 
method, director indirect measurement of nerve impulses, or 
any other suitable method. Sensing devices may be either 
internal or distributed and may include any suitable sensing 
device, as described further herein. In addition, the sensitivity 
of the ventilator to changes in pressure 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. 
0.058 According to embodiments, a pressure-triggering 
method may involve the ventilator monitoring the circuit 
pressure, as described above, and detecting a slight drop in 
circuit pressure. The slight drop in circuit pressure may indi 
cate that the patient’s respiratory muscles, P., 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 circuit pressure as patient 
effort and may consequently initiate inspiration by delivering 
respiratory gases. 
0059 Alternatively, the ventilator may detect a flow-trig 
gered event. Specifically, the ventilator may monitor the cir 
cuit flow, as described above. If the ventilator detects a slight 
drop in flow during exhalation, this may indicate, 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 
during exhalation, a drop in flow may occur as some gas is 
redirected and flows into the lungs in response to the slightly 
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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 bias flow), it may interpret the 
drop as a patient trigger and may consequently initiate inspi 
ration by delivering respiratory gases. 

Ventilator Sensory Devices 
0060. 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, high-delivered V detection module 224, and any other 
suitable components and/or modules. Distributed sensors 218 
may be placed in any Suitable location, e.g., within the ven 
tilatory circuitry or other devices communicatively coupled 
to the ventilator. For example, 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 affixed or 
imbedded in or near wye-fitting 170 and/or patient interface 
180, as described above. 
0061 Distributed sensors 218 may further include pres 
Sure transducers that may detect changes in circuit pressure 
(e.g., electromechanical transducers including piezoelectric, 
variable capacitance, or strain gauge) or changes inapatients 
muscular pressure (P.). Distributed sensors 218 may further 
include various flowmeters for detecting airflow (e.g., differ 
ential pressure pneumotachometers). For example, some 
flowmeters may use obstructions to create a pressure decrease 
corresponding 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 flowmeters). Alternatively, sen 
sors may utilize optical or ultrasound techniques for measur 
ing changes in Ventilatory parameters. A patient’s blood 
parameters or concentrations of expired gases may also be 
monitored by sensors 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 diagnostic or therapeutic purposes. Indeed, any distrib 
uted sensory device useful for monitoring changes in mea 
Surable parameters during ventilatory treatment may be 
employed in accordance with embodiments described herein. 
0062 Ventilator 202 may further include one or more 
internal sensors 220. Similar to distributed sensors 218, inter 
nal sensors 220 may communicate with various components 
of ventilator 202, e.g., ventilation module 212, internal sen 
sors 220, data processing module 222, high-delivered V 
detection module 224, and any other Suitable components 
and/or modules. Internal sensors 220 may employ any Suit 
able sensory or derivative technique for monitoring one or 
more parameters associated with the ventilation of a patient. 
However, the one or more internal sensors 220 may be placed 
in any Suitable internal location, Such as, within the ventila 
tory circuitry or within components or modules of ventilator 
202. For example, sensors may be coupled to the inhalation 
and/or exhalation modules for detecting changes in, circuit 
pressure and/or flow. Specifically, internal sensors may 
include pressure transducers and flowmeters for measuring 
changes in circuit pressure and airflow. Additionally or alter 
natively, internal sensors may utilize optical or ultrasound 
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techniques for measuring changes in Ventilatory parameters. 
For example, a patient’s expired gases may be monitored by 
internal sensors to detect physiological changes indicative of 
the patient’s condition and/or treatment, for example. Indeed, 
internal sensors may employ any suitable mechanism for 
monitoring parameters of interest in accordance with 
embodiments described herein. 
0063 As should be appreciated, with reference to the 
Equation of Motion, ventilatory parameters are highly inter 
related and, according to embodiments, may be either directly 
or indirectly monitored. That is, parameters may be directly 
monitored by one or more sensors, as described above, or may 
be indirectly monitored by derivation according to the Equa 
tion of Motion. 

Ventilatory Data 

0064 Ventilator 202 may further include a data processing 
module 222. As noted above, distributed sensors 218 and 
internal sensors 220 may collect data regarding various ven 
tilatory parameters. A ventilatory parameter refers to any 
factor, characteristic, or measurement associated with the 
ventilation of a patient, whether monitored by the ventilator 
or by any other device. Sensors may further transmit collected 
data to the data processing module 222 and, according to 
embodiments, the data processing module 222 may be con 
figured to collect data regarding some ventilatory parameters, 
to derive data regarding other ventilatory parameters, and/or 
to graphically represent collected and derived data to the 
clinician and/or other modules of the ventilatory system. 
According to embodiments, any collected, derived, and/or 
graphically represented data may be defined as ventilatory 
data. Some collected, derived, and/or graphically represented 
data may be indicative of delivered V. For example, deliv 
ered volume (delivered V) may be determined based on 
integrating the net flow during the last inspiration and apply 
ing various Volume compensations (e.g., tube compliance). 
Furthermore, causes for a high-delivered V may be deter 
mined based on evaluating resistance, compliance, patient 
effort, etc. As such, ventilatory data that may be used to 
calculate the delivered V, to detect high-delivered V (e.g., 
based on a threshold V setting, protocol, or otherwise), and 
to identify potential causes for the high-delivered V may be 
collected, derived, and/or graphically represented by data 
processing module 222. 

Flow Data 

0065 For example, according to embodiments, data pro 
cessing module 222 may be configured to monitor inspiratory 
and expiratory flow. Flow may be measured by any appropri 
ate, internal or distributed device or sensor within the venti 
latory 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 detecting airflow in the ventilatory 
circuit. 
0066 Data processing module 222 may be further config 
ured to plot monitored flow data graphically via any Suitable 
means. For example, according to embodiments, flow data 
may be plotted versus time (flow waveform), versus volume 
(flow-volume loop), or versus any other Suitable parameteras 
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 
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flow and expiratory flow may be independently identified, 
e.g., inspiratory flow may be represented in one color and 
expiratory flow may be represented in another color. 
0067. As detailed above, resistance refers to frictional 
forces that resist airflow, e.g., due to synthetic structures (e.g., 
endotracheal tube, exhalation valve, etc.), anatomical struc 
tures (e.g., bronchial tree, esophagus, etc.), or viscous tissues 
of the lungs and adjacent organs. As may be appreciated, flow 
decreases as resistance increases, making it more difficult to 
pass gases into and out of the lungs (i.e., F-PAR). Generally, 
when a patient is intubated, i.e., having eitheran endotracheal 
or a tracheostomy tube in place, resistance is increased as a 
result of the smaller diameter of the tube over the patients 
natural airway. Furthermore, resistance may be increased 
when secretions, such as mucus, collect in the endotracheal or 
tracheostomy tube. Higher resistance may necessitate, inter 
alia, a higher inspiratory time setting (T) for delivering a 
prescribed pressure or Volume of gases, a higher flow setting 
(or rise time96) for delivering prescribed pressure or volume, 
a lower respiratory rate resulting in a higher expiratory time 
(T) for complete exhalation of gases, etc. 
0068. In contrast, flow increases as resistance decreases, 
making it easier to pass gases (i.e., Volume) into the patients 
lungs for a given amount of applied pressure. Resistance may 
decrease for a number of reasons. For example, as resistance 
is dependent on the patients anatomical structures (e.g., 
bronchial tree, esophagus, etc.) and the Viscous tissues of the 
lungs and adjacent organs, changes in the condition of the 
patient may decrease resistance. Furthermore, when the cli 
nician Suctions the patient interface (i.e., endotracheal or 
tracheostomy tube), resistance may be decreased. Indeed, 
even changes in patient position may result in a decrease in 
resistance. When resistance decreases, additional tidal Vol 
ume (V) may be delivered to the patient’s lungs for a given 
amount of delivered pressure. Lower resistance may necessi 
tate, inter alia, a lower P (or Ps) setting or a shorter 
inspiratory time setting (T) for delivering a prescribed pres 
Sure or Volume of gases (resulting in a higher expiratory time, 
T), to allow for complete exhalation of gases, etc. Indeed, if 
the delivered Vexceeds some threshold value (e.g., a thresh 
old V setting), the ventilator may detect high-delivered V. 
In some cases, the ventilator may detect high-delivered V 
but may not issue an alarm when the high-delivered V is 
within acceptable ranges. In this case, the clinician may be 
unaware that high-delivered V was detected unless the ven 
tilator issues a suitable notification (e.g., a Smart prompt). 

Pressure Data 

0069. 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 system. For example, pressure 
may be monitored by proximal electromechanical transduc 
ers connected near the airway opening (e.g., on the inspira 
tory limb, expiratory limb, at the patient interface, etc.). Alter 
natively, pressure may be monitored distally, at or near the 
lungs and/or diaphragm of the patient. 
0070 For example, Pand/or P. (estimating P) may 
be measured proximally (e.g., at or near the airway opening) 
via single-point pressure measurements. According to 
embodiments, P., (estimating P) may be measured during 
an inspiratory pause maneuver (e.g., exhalation and inhala 
tion valves are closed briefly at the end of inspiration for 
measuring the Pat Zero flow). According to other embodi 
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ments, circuit pressure may be measured during an expiratory 
pause maneuver (e.g., exhalation and inhalation valves are 
closed briefly at the end of exhalation for measuring EEP at 
Zero flow). Alternatively, P. may be distally measured (e.g., 
at or near the lungs and/or diaphragm) via multiple-point 
pressure measurements. Upon collecting P. data, the venti 
lator may conduct calculations to quantify patient effort, 
which may be further used to estimate the patients resistance 
and compliance. According to Some embodiments, spontane 
ously-breathing patients may need to be sedated before taking 
Some of the above-described pressure measurements. 
0071 Data processing module 222 may be further config 
ured to plot monitored pressure data graphically via any Suit 
able means. For example, according to embodiments, pres 
Sure 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 embodiments, pressure may be plotted Such that 
each breath may be independently identified. Further, pres 
Sure may be plotted Such that inspiratory pressure and expi 
ratory pressure may be independently identified, e.g., inspira 
tory pressure may be represented in one color and expiratory 
pressure may be represented in another color. According to 
additional embodiments, pressure waveforms and PV loops, 
for example, may be represented alongside additional graphi 
cal representations, e.g., representations of volume, flow, etc., 
Such that a clinician may substantially simultaneously visu 
alize a variety of parameters associated with each breath. 
0072 According to embodiments, PV loops may provide 
useful clinical and diagnostic information to clinicians 
regarding the resistance and/or compliance of a patient. Spe 
cifically, upon comparing PV loops from Successive breaths, 
a change in resistance over time may be detected. For 
example, at constant pressure when resistance is decreasing, 
more Volume is delivered to the lungs resulting in a longer, 
narrower PV loop. Alternatively, at constant pressure when 
resistance is increasing, less Volume is delivered to the lungs 
resulting in a shorter, wider PV loop. According to alternative 
embodiments, a PV loop may provide a visual representation 
indicative of compliance, that is, the area between the inspira 
tory plot of pressure vs. Volume and the expiratory plot of 
pressure vs. Volume. Thus, PV loops may also be compared to 
one another to determine whether compliance has changed 
over time. 

0073. According to additional embodiments, PV curves 
may be used to compare Cs and C, over a number of breaths. 
For example, a first PV curve may be plotted for Cs (based on 
P. less EEP) and a second PV curve may be plotted for C. 
(based on P. less EEP). Under normal conditions, Cs and 
C, curves may be very similar, with the C, curve mimicking 
the Cs curve but shifted to the right (i.e., plotted at higher 
pressure). However, in some cases the C, curve may flatten 
out and shift to the right relative to the Cs curve. This graphi 
cal representation may illustrate increasing P, and thus 
increasing R, which may be due to mucous plugging or bron 
chospasm, for example. In other cases, both the C, curve and 
the Cs curves may flatten out and shift to the right. This 
graphical representation may illustrate an increase in P. 
and P., without an increase in P, and thus may implicate a 
decrease in lung compliance, which may be due to tension 
pneumothorax, atelectasis, pulmonary edema, pneumonia, 
bronchial intubation, etc. 
0074 As may be further appreciated, relationships 
between resistance, static compliance, dynamic compliance, 
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and various pressure readings may give indications of patient 
condition. For example, when Cs increases, Cincreases and, 
similarly, when R increases, C, increases. Additionally, as 
discussed previously, P, represents the difference in pressure 
attributable to resistive forces over elastic forces. Thus, where 
P, and P, are increasing with constant V, delivery, R is 
increasing (i.e., where P is increasing without a concomi 
tant increase in P.). Where P, is roughly constant, but where 
P, and P. are increasing with a constant V, delivery, Cs 8 lat 

is increasing. 

Volume Data 

0075 According to embodiments, data processing module 
222 may be configured to derive volume via any suitable 
means. For example, as described above, during Volume ven 
tilation, a prescribed V may be set for delivery to the patient. 
In some cases, as a result of patient effort, the patient may 
“out-draw the set V, resulting in a higher delivered V than 
the set V. Thus, for either volume or pressure ventilation, 
delivered V may be determined at the end of inspiration, i.e., 
by integrating net inspiratory flow over T (either set T or 
patient-determined T). Alternatively, expiratory flow may be 
monitored such that exhaled tidal Volume (V) may be 
derived by integrating net expiratory flow over expiratory 
time (T). In general, the delivered V should be completely 
exhaled and, thus, V should be equivalent to delivered V. 
Indeed, delivered V may be determined via any suitable 
means, either currently known or developed in the future. 
0076 Data processing module 222 may be further config 
ured to plot the Volume data graphically via any Suitable 
means. For example, according to embodiments, Volume data 
may be plotted versus time (volume 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 identified. Further, volume may be 
plotted Such that delivered V and V may be independently 
identified, e.g., delivered V may be represented in one color 
and V may be represented in another color. According to 
additional embodiments, volume waveforms and FV loops, 
for example, may be represented alongside additional graphi 
cal representations, e.g., representations of pressure, flow, 
etc., Such that a clinician may substantially simultaneously 
visualize a variety of parameters associated with each breath. 

High-Delivered V 
(0077 Ventilator 202 may further include a high-delivered 
V detection module 224. As described above, delivered V. 
may be determined via any suitable means. Thereafter, deliv 
ered V may be compared to a threshold V, setting. The 
threshold V may be prescribed by a physician or dictated by 
any Suitable institutional or other protocol. According to 
Some embodiments, the clinician may not input the threshold 
V setting, but it may be automatically generated by the 
ventilator based on attributes of the patient (e.g., age, gender, 
diagnosis, PBW or IBW, etc.) or based on a default value. 
According to some embodiments, the threshold V, setting 
may be selectable by a clinician between 5 and 15 ml/kg, with 
an automatic default value of 7 ml/kg. According to alterna 
tive embodiments, the selectable range for the threshold V, 
setting may be any suitable range (e.g., between 3 and 20 
ml/kg, between 10 and 25 ml/kg, etc.) and the default value 
may be any Suitable value (e.g., 5 ml/kg, 8 ml/kg, 10 ml/kg, 
etc.). 
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0078. According to embodiments, when the delivered V 
is greater than the threshold V, the ventilator may detect 
high-delivered V. According to alternative embodiments, 
high-delivered V may be detected when delivered V, is 
greater than the threshold V, for a threshold time period (e.g., 
delivered V is greater than the threshold V, for 2 consecutive 
breaths, for 3 of 5 consecutive breaths, for 30% of breaths 
over a period of time, etc.). In some cases, high-delivered V. 
may be dangerous to the patient. For instance, when too much 
Volume is delivered to a patient’s lungs, the lungs may 
become over-distended, causing barotraumas or other dam 
age to the lungs. Additionally, over-distension of the lungs 
has been linked to higher mortality rates in ventilated 
patients. Alternatively, when too much volume is delivered to 
the lungs, the expiratory time (T) may be insufficient to 
completely exhale the delivered volume, potentially resulting 
in Auto-PEEP (i.e., gas trapping in the lungs that may also 
lead to barotraumas and an increase the patient’s work of 
breathing, WOB). In other cases, high-delivered V may be 
indicative of improving patient condition (e.g., increased 
compliance and/or decreased resistance). In still other cases, 
high-delivered V may be the result of increased inspiratory 
effort by the patient, suggesting that the patient desires more 
volume than provided by the current V setting. Indeed, this 
issue may be compounded when the ventilator is delivering 
VC+ or VS breath types. That is, if the patient exhibits inspira 
tory effort resulting in high-delivered V, in the next breath 
the ventilator will adjust the effective pressure downward to 
achieve the set V, providing even less Volume to the patient. 
In response, the patient may exhibit more inspiratory effort to 
draw in the desired volume and the ventilator may respond by 
again adjusting effective pressure downward to achieve the 
set V. Indeed the patient may continue to “fight the venti 
lator until the ventilator reaches a minimum effective pres 
Sure and alarms. This process may be exhausting to the patient 
and may ultimately result in insufficient ventilation. 
0079. Due to the variety of potential causes for high-de 
livered V, the high-delivered V, detection module 224 may 
further comprise a potential cause detection module 226. That 
is, the potential cause detection module 226 may evaluate 
various ventilatory data to determine potential causes for the 
high-delivered V. For example, the potential cause detection 
module 226 may determine whether the high-delivered V 
occurred concurrently with a decrease in resistance, an 
increase in compliance, an increase in patient inspiratory 
effort, etc. 
0080 That is, according to embodiments, potential cause 
detection module 226 may evaluate various ventilatory data 
to determine whether resistance is decreasing. Resistance 
may decrease for a number of reasons, including changing 
lung conditions (e.g., bronchial relaxation after medication, 
reduced infection and/or fluid, etc.), improved body position, 
a leak in the ventilatory circuit, etc. For example, the potential 
cause detection module 226 may trend resistance values for 
the patient via any Suitable means. “Trending, as used herein, 
means collecting and/or deriving data over a plurality of 
breaths (or at predetermined intervals of time). For example, 
according to embodiments, the potential cause detection 
module 226 may trend resistance by evaluating a plurality of 
Successive PV loops. According to alternative embodiments, 
the potential cause detection module 226 may trend resis 
tance by trending flow data at a constant pressure (e.g., over a 
number of breaths during pressure-based ventilation, during 
Successive maneuvers, etc.). In this case, where other vari 
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ables are known and/or constant, if flow is increasing over 
time at constant pressure, resistance is decreasing, whereas if 
flow is decreasing overtime at constant pressure, resistance is 
increasing (i.e., R=P/F). According to alternative embodi 
ments, potential cause detection module 226 may calculate 
and trend resistance based on any suitable mathematical 
equation or formula (e.g., R-PAF). According to other 
embodiments, resistance may be determined and trended via 
any Suitable means. 
I0081. The trended resistance data may be compared to, for 
example, a resistance threshold to detect a decrease in resis 
tance. The resistance threshold may refer to a percentage 
reduction in resistance (e.g., decrease of 10%, 20%, 25%, 
30%, or any other suitable percentage). Alternatively, the 
resistance threshold may refer to a value reduction in resis 
tance (e.g., reduction of 2 cmH2O/L/s, 3 cmH2O/L/s, 5 
cmH2O/L/S, or any other Suitable value). Indeed, according to 
embodiments, the resistance threshold may be established 
according to any appropriate criteria (e.g., an appropriate 
standard, protocol, or otherwise) and may be configured by a 
manufacturer, an institution, a clinician, or otherwise. When 
the trended resistance data breaches the resistance threshold, 
the potential cause detection module 226 may detect a 
decrease in resistance. Further, if the decrease in resistance 
was detected concurrently with the high-delivered V (e.g., 
during the previous 2 hours or since the start of ventilation, 
whichever is less), the potential cause detection module 226 
may determine that the decrease in resistance was a potential 
cause for the high-delivered V. 
I0082. According to alternative embodiments, potential 
cause detection module 226 may evaluate various ventilatory 
data to determine whether compliance is increasing. That is, 
when elastance decreases (e.g., forces opposing lung infla 
tion), it may require less pressure to deliver a particular Vol 
ume (i.e., AV-CAP). Consequently, additional volume may 
be delivered at constant pressure and may over-distend the 
lungs and/or result in gas-trapping. For example, potential 
cause detection module 226 may calculate and trend compli 
ance based on any suitable mathematical equation or formula 
(e.g., AV-CAP). According to alternative embodiments, 
potential cause detection module 226 may evaluate PV loops 
based on one or more predetermined thresholds to detect 
whether compliance is increasing, i.e., by comparing the area 
between the inspiratory plot of pressure versus volume and 
the expiratory plot of pressure versus volume over a number 
of breaths. According to alternative embodiments, potential 
cause detection module 226 may evaluate PV curves to com 
pare Cs and C, over a number of breaths. That is, where both 
the C, curve and the Cs curve straighten and shift to the left 
(e.g., illustrating decreasing P and Pt) compliance may 
be increasing. According to other embodiments, compliance 
may be determined and trended via any suitable means. 
I0083 Trended compliance data may be compared to, for 
example, a compliance threshold to detect an increase in 
compliance. The compliance threshold may refer to a per 
centage increase in compliance (e.g., increase of 10%, 20%, 
25%, 30%, or any other suitable percentage increase). Alter 
natively, the compliance threshold may refer to a value 
increase in compliance (e.g., increase of 5 mL/cmH2O. 10 
mL/cmH2O, or any other suitable value increase). Indeed, 
according to embodiments, the compliance threshold may be 
established according to any appropriate criteria (e.g., an 
appropriate standard, protocol, or otherwise) and may be 
configured by a manufacturer, an institution, a clinician, or 
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otherwise. When the trended compliance data breaches the 
compliance threshold, the potential cause detection module 
226 may detect an increase in compliance. Further, if the 
increase in compliance was detected concurrently with the 
high-delivered V (e.g., during the previous 2 hours or since 
the start of ventilation, whichever is less), the potential cause 
detection module 226 may determine that the increase in 
compliance was a potential cause for the high-delivered V. 
0084. According to alternative embodiments, potential 
cause detection module 226 may evaluate various ventilatory 
data to determine whether patient inspiratory effort has 
increased. If patient inspiratory effort has increased, the 
patient may draw additional Volume into the lungs. As 
described above, P. may be measured or derived by the 
ventilator and thereafter manipulated to quantify or estimate 
patient effort (e.g., yielding patient effort data in cmH2O. 
cmH2O/s, or J/L). Alternatively, the ventilator may be con 
figured to conduct a maneuver (e.g., Poo maneuver) at the 
beginning of inspiration to detect patient effort. For example, 
the ventilator may delay delivering gases for a short period of 
time at the beginning of inspiration (e.g., about 100 ms) and 
may measure the pressure generated by the patient due to 
inspiratory effort. The resulting pressure data, Poo data, may 
also represent an estimate of patient effort (e.g., yielding 
patient effort data in cmH2O). The Poo data may be compared 
to a pre-configured range of pressure values that correspond 
to different levels of patient effort. For example, pressures 
between 0.0-0.5 cmH2O may be indicative of low or no 
patient effort, pressures between 2-3 cmH2O may be indica 
tive of normal patient effort, and pressures 6-7 cmH2O may 
be indicative of high patient effort (i.e., “pulling'). 
0085. According to embodiments, the ventilator may 
detect whether patient inspiratory effort has increased by 
comparing patient effort data (e.g., based on P. data, Poo 
data, or otherwise) to an effort threshold. When comparing 
patient effort databased on P. data to the effort threshold, 
depending on the unit of measurement for the patient effort 
data (e.g., cmH2O., cmH2O/s, J/L, etc.), the effort threshold 
may be represented in the same unit of measurement. When 
comparing patient effort databased on Poo data to the effort 
threshold, the effort threshold may be represented in units of 
pressure (e.g., cmH2O). According to embodiments, the 
effort threshold may refer to a percentage increase in effort 
generated by the patient (e.g., an increase of 10%, 20%, 25%, 
30%, or any other Suitable percentage increase). Alterna 
tively, the effort threshold may refer to a value increase in 
effort generated by the patient (e.g., an increase of 1 cmH2O. 
2 cmH2O, an increase of 1 cmH2O/s, 2 cmH2O/s, etc., or other 
suitable increase). Indeed, the ventilator may determine 
whether patient inspiratory effort has increased via any Suit 
able method either currently known or developed in the 
future. When the patient effort data breaches the effort thresh 
old, the potential cause detection module 226 may detect an 
increase inpatient inspiratory effort. Further, if the increase in 
patient inspiratory effort was detected concurrently with the 
high-delivered V (e.g., during the previous 2 hours or since 
the start of ventilation, whichever is less), the potential cause 
detection module 226 may determine that the increase in 
patient inspiratory effort was a potential cause for the high 
delivered V. 

Smart-Prompt Generation 
I0086 Ventilator 202 may further include a smart prompt 
module 228. As described above, the occurrence of and 
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potential causes for high-delivered V 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 occurrence of and potential causes for 
high-delivered V. As such, upon detection of high-delivered 
V, the Smart prompt module 228 may be configured to notify 
the clinician that high-delivered V has occurred and/or to 
provide one or more potential causes for the high-delivered 
V. Furthermore, the ventilator may provide one or more 
Suggestions or recommendations for addressing the high 
delivered V. For example, Smart prompt module 228 may be 
configured to notify the clinician by displaying a Smart 
prompton 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 moni 
toring system communicatively coupled to ventilatory sys 
tem 200. Alternatively, in an automated embodiment, the 
Smart prompt module 228 may communicate with a ventilator 
control system so that the one or more recommendations may 
be automatically implemented to address the high-delivered 
V. 
I0087. In order to accomplish the various aspects of the 
notification and/or recommendation message display, the 
Smart prompt module 228 may communicate with various 
other components and/or modules. For instance, Smart 
prompt module 228 may be in communication with data 
processing module 222, high-delivered V detection module 
224, potential cause detection module 226, or any other Suit 
able module or component of the ventilatory system 200. 
That is, Smart prompt module 228 may receive an indication 
that high-delivered V has been detected by any suitable 
means. In addition, Smart prompt module 228 may receive 
information regarding one or more potential causes for the 
high-delivered V. Further still, Smart prompt module 228 
may determine and offer one or more recommendations for 
addressing the high-delivered V. 
I0088 Smart prompt module 228 may further comprise 
additional modules for making notifications and/or recom 
mendations to a clinician regarding the occurrence of high 
delivered V. For example, according to embodiments, Smart 
prompt module 228 may include a notification module 230 
and a recommendation module 232. For instance, Smart 
prompts may be provided according to a hierarchical struc 
ture Such that a notification message and/or a recommenda 
tion message may be initially presented in Summarized form 
and, upon clinician selection, an additional detailed notifica 
tion and/or recommendation message may be displayed. 
According to alternative embodiments, a notification mes 
sage may be initially presented and, upon clinician selection, 
a recommendation message may be displayed. Alternatively 
or additionally, the notification message may be simulta 
neously displayed with the recommendation message in any 
Suitable format or configuration. 
I0089 Specifically, according to embodiments, the notifi 
cation message may alert the clinician as to the detection of a 
patient condition, a change in patient condition, or an effec 
tiveness of ventilatory treatment. For example, the notifica 
tion message may alert the clinician that high-delivered V. 
has been detected. The notification message may further alert 
the clinician regarding potential causes for the high-delivered 
V (e.g., high-delivered V detected concurrent with an 
increase in dynamic lung/chest wall compliance, high-deliv 
ered V detected concurrent with a decrease in resistance, 
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high-delivered V detected concurrent with an increase in 
patient inspiratory effort, etc.) 
0090. Additionally, according to embodiments, the rec 
ommendation message may provide various suggestions to 
the clinician for addressing a detected condition. The recom 
mendation message may further be specific to a particular 
type of ventilation. Far example, high-delivered V may be 
detected concurrent with an increase in dynamic compliance 
(or a decrease in resistance). In this case, if the ventilator is 
delivering PC ventilation, the ventilator may provide the rec 
ommendation: “Consider reducing set P. Alternatively, if 
the ventilator is delivering PS ventilation, the ventilator may 
provide the recommendation: “Consider reducing set Pse.” 
0091. According to alternative embodiments, the high 
delivered V may be detected concurrent with an increase in 
patient inspiratory effort. In this case, if the ventilator is 
delivering PC ventilation, the ventilator may provide the rec 
ommendation: "Consider: (1) causes for increased patient 
inspiratory effort; (2) reducing set P.” Alternatively, if the 
ventilator is delivering PS ventilation, the ventilator may 
provide the recommendation: “Consider: (1) causes for 
increased patient inspiratory effort; (2) reducing set Pse.” 
Alternatively, if the ventilator is delivering VC, VC+ or VS 
ventilation, the ventilator may provide the recommendation: 
“Consider: (1) causes for increased patient inspiratory effort; 
(2) increasing set V.” Alternatively still, if the ventilator is 
delivering PA ventilation, the ventilator may provide the rec 
ommendation: “Consider causes for increased patient 
inspiratory effort.” 
0092. As described above, smart prompt module 228 may 
also be configured with notification module 230 and recom 
mendation module 232. The notification module 230 may be 
in communication with data processing module 222, high 
delivered V, detection module 224, potential cause detection 
module 226, or any other suitable module or component to 
receive an indication that high-delivered V has been detected 
and identification of one or more potential causes for the 
high-delivered V. Notification module 230 may be respon 
sible for generating a notification message via any suitable 
means. For example, the notification message may be pro 
vided as a tab, banner, dialog box, or other similar type of 
display. Further, the notification message 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 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. 
The notification message may further be associated with a 
primary prompt. 
0093. The recommendation module 232 may be respon 
sible for generating one or more recommendation messages 
via any Suitable means. The one or more recommendation 
messages may provide Suggestions and information regard 
ing addressing a detected condition and may be accessible 
from the notification message. For example, the one or more 
recommendation messages may provide Suggestions for 
adjusting one or more ventilatory parameters to address the 
detected condition, may provide Suggestions for checking 
ventilatory equipment or the patient, or may provide other 
helpful information. Specifically, the one or more recommen 
dation messages may provide Suggestions and information 
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regarding addressing high-delivered V. The one or more 
recommendation messages may further be associated with a 
secondary prompt. 
0094. As noted above, according to embodiments, the 
notification message may be associated with a primary 
prompt and the one or more recommendation messages may 
be associated with a secondary prompt. That is, a primary 
prompt may provide an alert that high-delivered V has been 
detected and may further provide one or more potential 
causes for the high-delivered V. Alternatively, an alert may 
be separately provided, indicating that high-delivered V was 
detected, and the primary prompt may provide the one or 
more potential causes for the high-delivered V. According to 
additional or alternative embodiments, the secondary prompt 
may provide the one or more recommendations and/or infor 
mation that may aid the clinician in further addressing and/or 
mitigating the detected condition. For example, the second 
ary prompt may recommend addressing the high-delivered 
V, by reducing set P (or set Ps), by investigating causes 
for increased inspiratory effort, by increasing the set V, etc. 
According to further embodiments, a single Smart prompt 
may be displayed (i.e., not configured with a primary prompt 
and a secondary prompt) and may include at least one of a 
notification that high-delivered V occurred, one or more 
potential causes for the high-delivered V, and/or one or more 
recommendations for addressing the high-delivered V. 
According to alternative embodiments, the secondary prompt 
described above may be provided as the primary prompt and 
the primary prompt described above may be provided as the 
secondary prompt. 
0.095 Smart prompt module 228 may also be configured 
Such that Smart prompts (including alerts, primary prompts, 
and/or secondary prompts) may be displayed in a partially 
transparent window or format. The transparency may allow 
for notification and/or recommendation messages to be dis 
played such that normal ventilator GUI and ventilatory data 
may be visualized behind the messages. As described previ 
ously, notification and/or recommendation messages may be 
displayed in areas of the display screen that are either blank or 
that cause minimal distraction from the ventilatory data and 
other graphical representations provided by the GUI. How 
ever, upon selective expansion of a Smart prompt, ventilatory 
data and graphs may be at least partially obscured. As a result, 
translucent display may provide the Smart prompt such that it 
is partially transparent. Thus, graphical and other data may be 
visible behind the smart prompt. 
0096. Additionally, alerts, primary prompts, and/or sec 
ondary prompts may provide immediate access to the display 
and/or settings Screens associated with the detected condi 
tion. For example, an associated parameter settings Screen 
may be accessed from a Smart prompt via a hyperlink Such 
that the clinician may address the detected condition as nec 
essary. An associated parameter display Screen may also be 
accessed such that the clinician may view clinical data asso 
ciated with the detected condition in the form of charts, 
graphs, or otherwise. For example, when high-delivered V. 
has been detected, depending on the one or more potential 
causes for the high-delivered V, the clinician may be able to 
access ventilatory settings for addressing high-delivered V. 
(e.g., a settings Screen for adjusting set P. set Ps, set V 
etc.) and/or to view ventilatory data associated with the one or 
more potential causes for the high-delivered V (e.g., charts 
displaying historical data and/or graphics displaying histori 
cal flow waveforms, Volume waveforms, and/or pressure 
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waveforms that implicated decreased resistance, increased 
compliance, increased inspiratory effort, etc.). 
0097. According to embodiments, upon viewing a smart 
prompt (including any associated alert, primary prompt, and/ 
or secondary prompt), upon addressing the detected condi 
tion by adjusting one or more ventilatory settings or other 
wise, or upon manual selection, the Smart prompt may be 
cleared from the GUI. For example, according to some 
embodiments, upon receiving a ventilatory settings change, 
the ventilator may reset detection of high-delivered V, when 
two consecutive breaths exhibit delivered V, less than the V, 
threshold setting or when all breaths over the previous 30 
seconds exhibit delivered V, less than the V, threshold set 
ting. According to alternative embodiments, in the absence of 
user activity, the ventilator may reset detection of high-deliv 
ered V, when all breaths over the previous 60 seconds exhibit 
delivered V. less than the V, threshold setting. Thereafter, 
upon resetting detection of high-delivered V, the ventilator 
may clear the Smart prompt from the GUI and resume evalu 
ation of ventilatory data by the high-delivered V detection 
module 224 and the potential cause detection module 226. 

High-Delivered V. Detection and Notification 
0098 FIG. 3 is a flow chart illustrating an embodiment of 
a method for detecting high-delivered V and issuing a Suit 
able Smart prompt. 
0099. 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, addi 
tional steps may be performed, and disclosed steps may be 
excluded without departing from the spirit of the present 
methods. 
0100. The illustrated embodiment of the method 300 
depicts a method for detecting high-delivered V. According 
to embodiments described herein, ventilation delivered may 
generally include volume control (VC) ventilation, pressure 
control (PC) ventilation, pressure support (PS) ventilation, 
Volume-targeted-pressure-control (VC+), Volume-targeted 
pressure-support (VS), proportional assist (PA) ventilation, 
etc. 

0101 Method 300 begins with a receive settings operation 
302. For example, at receive settings operation 302, the ven 
tilator may receive one or more ventilatory settings associated 
with a type of ventilation (e.g., VC, PC, PS, VC+, VS, or PA 
ventilation). For example, according to embodiments, the 
ventilator may be configured to provide VC ventilation to a 
patient. As such, the ventilatory settings may include a set V 
a respiratory rate (RR), an inspiratory time (T), a patient 
PBW or IBW, PEEP, a thresholdV, etc. For example, accord 
ing to alternative embodiments, the ventilator may be config 
ured to provide PC ventilation to a patient. As such, the 
ventilatory settings may include an inspiratory pressure (P), 
a respiratory rate (RR), an inspiratory time (T), a patient 
PBW or IBW, PEEP, a threshold V rise time %, etc. Accord 
ing to alternative embodiments, the ventilator may be config 
ured to provide PS ventilation to a patient. As such, the 
ventilatory settings and/or input received may include a pres 
sure support setting (Ps), a patient PBW or IBW. PEEP, a 
thresholdV setting, a rise time 96, etc. According to alterna 
tive embodiments, the ventilator may be configured to pro 
vide VC+ ventilation to a patient. As such, the ventilatory 
settings may include an inspiratory pressure (P), a respira 
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tory rate (RR), an inspiratory time (T), a set (or target) V, a 
patient PBW or IBW, PEEP, a threshold V rise time %, etc. 
According to alternative embodiments, the ventilator may be 
configured to provide VS ventilation to a patient. As such, the 
ventilatory settings may include a pressure Support setting 
(Ps), a set (or target) V, a patient PBW or IBW, a thresh 
old V rise time 96, etc. According to still alternative embodi 
ments, the ventilator may be configured to provide PA venti 
lation to a patient. As such, the ventilatory settings may 
include a percent support setting, a patient PBW or IBW. 
PEEP, a threshold V, tube type and internal diameter (I.D.), 
etc. 

0102) According to some embodiments, the clinician may 
select one or more of the ventilatory settings from a range of 
options. Alternatively, one or more of the ventilatory settings 
may be automatically generated by the ventilator based on a 
default value or based on one or more attributes of the patient 
(e.g., age, gender, diagnosis, PBW or IBW, etc.). For 
example, according to some embodiments, the threshold V. 
setting may be selectable by a clinician between 5 and 15 
ml/kg, with an automatic default value of 7 ml/kg. According 
to alternative embodiments, the selectable range for the 
threshold Vsetting may be any Suitable range (e.g., between 
3 and 20 ml/kg, between 10 and 25 ml/kg, etc.) and the default 
value may be any suitable value (e.g., 5 ml/kg, 8 ml/kg, 10 
ml/kg, etc.). Alternatively still, the threshold V setting may 
be automatically generated by the ventilator based on one or 
more patient attributes or otherwise. 
(0103) At deliver ventilation operation 304, the ventilator 
provides ventilation to the patient, as described above. That 
is, according to embodiments, the ventilator may deliver VC, 
PC, PS, VC+, VS, or PA breath types to a patient. According 
to additional embodiments, the ventilator may deliver breath 
types to the patient according to various ventilatory modes 
(e.g., A/C, spontaneous, BiLevel, SIMV, etc.). For example, 
during VC ventilation, the ventilator may deliver a set peak 
flow and flow pattern for a period of time, i.e., set inspiratory 
time (T). Based on the set peak flow, flow patternand patient 
inspiratory effort (if any), a volume of gases will be delivered 
to the patient's lungs (i.e., deliveredV). For example, during 
PC or VC+ ventilation, the ventilator may deliver an effective 
pressure (equivalent to PEEP plus set P) at the patient airway 
for a period of time, i.e., set inspiratory time (T). Based on the 
effective pressure, resistance, compliance and patient inspira 
tory effort (if any), a volume of gases will be delivered to the 
patient’s lungs (i.e., deliveredV). Alternatively, during PS or 
VS ventilation, the ventilator may deliver an effective pres 
Sure (equivalent to PEEP plus set Ps) at the patient airway. 
Based on the effective pressure, resistance, compliance and 
patient inspiratory effort, a volume of gases will be delivered 
to the patient’s lungs (i.e., delivered V). Alternatively still, 
during PA ventilation, the ventilator may target a pressure at 
the patient airway that is a function of the percent Support, 
PEEP, an estimate of the patient’s resistance and elastance, 
and a calculation of the tube resistance. Based on the target 
pressure, resistance, compliance, and patient inspiratory 
effort, a volume of gases will be delivered to the patients 
lungs (i.e., delivered V). Furthermore, the ventilator may 
initiate an exhalation phase when a set T has been reached, 
when patient exhalation cycling is detected, or based on any 
other appropriate cycling criterion. 
0104. At collect ventilatory data operation 306, the venti 
lator may collect various ventilatory data associated with 
ventilation of a patient. For example, as described above, the 
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ventilator may collect ventilatory data regarding flow and 
pressure parameters. The ventilator may collect the ventila 
tory data via any Suitable means, e.g., any internal or distrib 
uted sensor including flowmeters, pressure transducers, etc. 
0105. At process ventilatory data operation 308, the ven 

tilator may conduct various data processing operations. For 
example, at data processing operation 308, the ventilator may 
derive various ventilatory data associated with the ventilation 
of a patient. For example, as described above, the ventilator 
may collect ventilatory data regarding flow and pressure 
parameters. Additionally, the ventilator may derive ventila 
tory databased on the collected data, e.g., delivered Volume, 
resistance, compliance, patient effort, etc. For example, deliv 
ered volume (delivered V) may be determined based on 
integrating the net flow during the last inspiration and apply 
ing various Volume compensations (e.g., tube compliance). 
Additionally, the ventilator may generate various graphical 
representations of the collected and/or derived ventilatory 
data, e.g., including charts, graphs depicting flow waveforms, 
pressure waveforms, pressure-volume loops, flow-volume 
loops, or other Suitable data representations. 
0106. At analyze operation 310, the ventilator may evalu 
ate the processed ventilatory data to determine whether a 
certain patient condition exists. For example, according to 
embodiments, the ventilator may analyze the delivered V in 
light of a thresholdV setting. As described above, the thresh 
old V may be received as input from the clinician or may be 
automatically generated by the ventilator based on a default 
value or based on the patient's PBW or other appropriate 
criteria (e.g., based on a suitable protocol or otherwise). 
According to embodiments, the ventilator may analyze the 
ventilatory data by comparing the delivered V to the thresh 
old V, via any suitable means. 
0107 At detect high-delivered V operation 312, the ven 

tilator may determine whether high-delivered V occurred. 
For example, upon comparing the delivered V to the thresh 
old V, in the analyze operation above, the ventilator may 
determine that delivered V is greater than the threshold V. 
and the ventilator may detect high-delivered V. Alterna 
tively, according to some embodiments, the ventilator may 
determine that high-delivered V occurred when delivered V 
is greater than the threshold V, over a threshold time period 
(e.g., delivered V is greater than the threshold V, for 2 con 
secutive breaths, for 3 of 5 consecutive breaths, for 30% of 
breaths over a period of time, etc.). If high-delivered V, is 
detected, the operation may proceed to display Smart prompt 
operation 314. If high-delivered Vis not detected, the opera 
tion may return to analyze operation 310. 
0108. At display smart prompt operation 314, the ventila 
tor may alert the clinician via any Suitable means that high 
delivered V was detected. For example, according to 
embodiments, the ventilator may display a Smart prompt 
including a notification message and/or one or more recom 
mendation messages regarding the detection of high-deliv 
ered V on the GUI. According to alternative embodiments, 
the ventilator may communicate the Smart prompt, including 
the notification message and/or the one or more recommen 
dation messages, to a remote monitoring system communi 
catively coupled to the ventilator. According to Some embodi 
ments, the high-delivered V may fall within acceptable 
predetermined ranges such that the ventilator does not issue 
an alarm upon detecting the high-delivered V. That is, the 

Aug. 13, 2015 

high-delivered V may be detected for purposes of generating 
a Smart prompt, but may not rise to the level of alarm genera 
tion. 
0109 FIG. 4 is a flow chart illustrating an embodiment of 
a method for detecting potential causes for high-delivered V. 
and issuing a Suitable Smart prompt. 
0110. 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, addi 
tional steps may be performed, and disclosed steps may be 
excluded without departing from the spirit of the present 
methods. 

0111. The illustrated embodiment of the method 400 
depicts a method for issuing a Smart prompt upon detecting 
high-delivered V. Method 400 begins with detect operation 
402, wherein the ventilator detects that high-delivered V 
occurred, as described above in method 300. 
0112 At retrieve ventilatory data operation 404, the ven 
tilator may retrieve various ventilatory data associated with, 
inter alia, resistance, compliance, and/or patient effort. For 
example, according to embodiments, the ventilator may 
retrieve resistance data generated based on evaluating a plu 
rality of successive PV loops, based on evaluating flow data 
over time at constant pressure, or based on calculating resis 
tance according to any Suitable mathematical equation or 
formula. Additionally or alternatively, the ventilator may 
retrieve compliance data generated based on evaluating PV 
loops, PV curves, or based on calculating compliance accord 
ing to any suitable mathematical equation or formula. Addi 
tionally or alternatively, the ventilator may retrieve patient 
effort data (e.g., based on P. data, Poo data, or otherwise). 
Indeed, any other ventilatory data may be retrieved that may 
be indicative of other potential causes for high-delivered V. 
0113. At compare operation 406, the ventilator may com 
pare the retrieved ventilatory data to a threshold. For example, 
retrieved resistance data may be compared to a resistance 
threshold to detect a decrease in resistance. The resistance 
threshold may refer to a percentage decrease in resistance 
(e.g., decrease of 10%, 20%, 25%, 30%, or any other suitable 
percentage decrease). Alternatively, the resistance threshold 
may refer to a value decrease in resistance (e.g., decrease of 2 
cmH2O/L/s, 3 cmH2O/L/s, 5 cmH2O/L/s, or any other suit 
able value decrease). Furthermore, the resistance threshold 
may involve a time component (e.g., decrease over a 2 hour 
period, from start of ventilation, or over a particular number 
of breaths). Indeed, according to embodiments, the resistance 
threshold may be established according to any appropriate 
criteria (e.g., an appropriate standard, protocol, or otherwise) 
and may be configured by a manufacturer, an institution, a 
clinician, or otherwise. 
0114. Additionally or alternatively, retrieved compliance 
data may be compared to, for example, a compliance thresh 
old to detect an increase in compliance. The compliance 
threshold may refer to a percentage increase in compliance 
(e.g., increase of 10%, 20%, 25%, 30%, or any other suitable 
percentage). Alternatively, the compliance threshold may 
refer to a value increase in compliance (e.g., increase of 5 
mL/cmH2O, 10 mL/cmH2O, or any other suitable value). 
Furthermore, the compliance threshold may involve a time 
component (e.g., increase over a 2 hour period, from start of 
ventilation, or over a particular number of breaths). Indeed, 
according to embodiments, the compliance threshold may be 
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established according to any appropriate criteria (e.g., an 
appropriate standard, protocol, or otherwise) and may be 
configured by a manufacturer, an institution, a clinician, or 
otherwise. 

0115 Additionally or alternatively, retrieved patient effort 
data (e.g., based on P. data, Poo data, or otherwise) may be 
compared to an effort threshold to detectan increase inpatient 
inspiratory effort. The effort threshold may refer to a percent 
age increase in effort (e.g., increase of 10%, 20%, 25%, 30%, 
or any other suitable percentage). Alternatively, the effort 
threshold may refer to a value increase in effort (e.g., increase 
of 1 cmH2O.2cmH2O, or increase of 1 cmHO/s, 2 cmH2O/s, 
or other suitable value). Furthermore, the effort threshold 
may involve a time component (e.g., increase over a 2 hour 
period, from start of ventilation, over a particular number of 
breaths, etc.). Indeed, according to embodiments, the effort 
threshold may be established according to any appropriate 
criteria (e.g., an appropriate standard, protocol, or otherwise) 
and may be configured by a manufacturer, an institution, a 
clinician, or otherwise. 
0116. At breach threshold determination operation 408, 
the ventilator may determine whether the compared ventila 
tory data breaches one or more thresholds. For example, when 
the resistance data breaches the resistance threshold, the ven 
tilator may detect a decrease in resistance. Additionally or 
alternatively, when the compliance data breaches the compli 
ance threshold, the ventilator may detect an increase in com 
pliance. Additionally or alternatively, when the patient effort 
data (e.g., based on P. data, Poo data, or otherwise) breaches 
the effort threshold, the ventilator may detect an increase in 
patient inspiratory effort. If the ventilator determined that the 
compared ventilatory data breached one or more thresholds, 
the operation may proceed to identify operation 410. If the 
ventilator determined that the compared ventilatory data did 
not breach one or more thresholds, the operation may return 
to retrieve ventilatory data operation 404. 
0117. At identify operation 410, the ventilator may deter 
mine one or more potential causes for the high-delivered V. 
For example, if the ventilator detected a decrease in resistance 
concurrently with the high-delivered V, the ventilator may 
determine that the decrease in resistance is a potential cause 
for the high-delivered V. That is, if the resistance data 
breached the resistance threshold over the previous 2 hours or 
since the start of ventilation (whichever is less), the ventilator 
may determine that the decrease in resistance was detected 
concurrently with the high-delivered V, and may identify the 
decrease in resistance as a potential cause for the high-deliv 
ered V. Alternatively, if the ventilator detected an increase in 
compliance concurrently with the high-delivered V, the ven 
tilator may determine that the increase in compliance is a 
potential cause for the high-delivered V. That is, if the com 
pliance data breached the compliance threshold over the pre 
vious 2 hours or since the start of ventilation (whichever is 
less), the ventilator may determine that the increase in com 
pliance was detected concurrently with the high-delivered V. 
and may identify the increase in compliance as a potential 
cause for the high-delivered V. Alternatively still, if the 
ventilator detected an increase in patient effort concurrently 
with the high-delivered V, the ventilator may determine that 
the increase in patient effort is a potential cause for the high 
delivered V. That is, if the patient effort data breached the 
effort threshold over the previous 2 hours or since the start of 
ventilation (whichever is less), the ventilator may determine 
that the increase in patient effort was detected concurrently 
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with the high-delivered V, and may identify the increase in 
patient effort as a potential cause for the high-delivered V. 
0118. At determine operation 412, the ventilator may 
determine one or more recommendations for addressing the 
high-delivered V. The one or more recommendations may be 
based on a type of ventilation being delivered to the patient 
(e.g., VC, PC, PS, VC+, VS, or PA ventilation), based on a 
potential cause for the high-delivered V, or based on a com 
bination thereof. For example, during PC ventilation, when 
high-delivered V is detected concurrent with an increase in 
compliance or a decrease in resistance, the ventilator may 
provide the recommendation: “Consider reducing set P.” 
Alternatively, when high-delivered Vis detected concurrent 
with an increase in patient inspiratory effort, the ventilator 
may provide the recommendation: “Consider: (1) causes for 
increased patient inspiratory effort; (2) reducing set P. Dur 
ing PS ventilation, when high-delivered V is detected con 
current with an increase in compliance or a decrease in resis 
tance, the ventilator may provide the recommendation: 
“Consider reducing set Ps. Alternatively, when high 
delivered Vis detected concurrent with an increase inpatient 
inspiratory effort, the ventilator may provide the recommen 
dation: “Consider: (1) causes for increased patient inspiratory 
effort; (2) reducing set Ps.” During VC, VC+ or VS ven 
tilation, when high-delivered V is detected concurrent with 
an increase in patient inspiratory effort, the ventilator may 
provide the recommendation: “Consider: (1) causes for 
increased patient inspiratory effort; (2) increasing set V.” 
During proportional assist (PA) ventilation, when high-deliv 
ered V is detected concurrent with an increase in patient 
inspiratory effort, the ventilator may provide the recommen 
dation: “Consider causes for increased patient inspiratory 
effort. 

0119. At display smart prompt operation 414, the ventila 
tor may alert the clinician via any Suitable means that high 
delivered V was detected. For example, according to 
embodiments, a Smart prompt may include an appropriate 
primary prompt and an appropriate secondary prompt. Addi 
tionally or alternatively, the appropriate primary prompt may 
include an appropriate notification message that high-deliv 
ered V was detected and may include the one or more poten 
tial causes for the high-delivered V. According to alternative 
embodiments, the notification message may be separately 
displayed from the one or more potential causes for the high 
delivered V. According to this embodiment, the notification 
message may be initially displayed and the one or more 
potential causes may be optionally displayed upon selection 
or activation by the clinician. According to further embodi 
ments, the appropriate secondary prompt may provide the one 
or more recommendations for addressing the high-delivered 
V. According to some embodiments, the appropriate pri 
mary prompt may be initially displayed and the appropriate 
secondary prompt may be optionally displayed upon selec 
tion or activation by a clinician. The Smart prompt (including 
the appropriate primary prompt and/or the appropriate sec 
ondary prompt) may be displayed via any suitable means, 
e.g., on the ventilator GUI and/or at a remote monitoring 
station, such that the clinician is alerted as to the occurrence 
of high-delivered V and/or offered additional information 
regarding one or more potential causes for the high-delivered 
Vand/or offered one or more recommendations for address 
ing the high-delivered V, as described herein. 
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Ventilator GUI Display of Smart Prompt 
0120 FIG. 5 is an illustration of an embodiment of a 
graphical user interface displaying a Smart prompt element in 
a window having a notification regarding high-delivered V. 
and regarding a potential cause for the high-delivered V. 
0121 Graphical user interface 500 may display various 
monitored and/or derived data to the clinician during venti 
lation of a patient. In addition, graphical user interface 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. 
0122) According to embodiments, the ventilator may 
monitor and evaluate various ventilatory parameters to detect 
high-delivered V. As illustrated, a flow waveform may be 
generated 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 represented in a 
different color (e.g., green) than expiratory flow 504 (e.g., 
yellow). According to embodiments, delivered V may be 
determined at the end of inspiration, i.e., by integrating 
inspiratory flow over T (either set T or patient-determined 
T). Alternatively, expiratory flow may be monitored such that 
exhaled tidal Volume (V) may be derived by integrating 
expiratory flow over expiratory time (T). Indeed, delivered 
V may be determined via any Suitable means, either cur 
rently known or developed in the future. According to 
embodiments, delivered V may be compared to a threshold 
V, and, when delivered V is greater than the threshold V, 
the ventilator may detect high-delivered V. According to 
Some embodiments, when delivered V is greater than the 
threshold V for a period of time or over a number of breaths, 
the ventilator may detect high-delivered V. 
0123. According to embodiments, Smart prompt 506 may 
be displayed in any Suitable location Such that a clinician may 
be alerted regarding a detected patient condition, but while 
allowing other ventilatory displays and data to be visualized 
Substantially simultaneously. As illustrated, Smart prompt 
506 is presented as a bar or banner across an upper region of 
the graphical user interface 500. However, as previously 
noted, Smart prompt 506 may be displayed as a tab, icon, 
button, banner, bar, or any other suitable shape or form. Fur 
ther, smart prompt 506 may be displayed in any suitable 
location within the graphical user interface 500. For example, 
smart prompt 506 may be located along any border region of 
the graphical 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 506 may be partially transparent (not shown) 
Such that ventilatory displays and data may be at least par 
tially visible behind Smart prompt 506. 
0.124 Specifically, Smart prompt 506 may alert the clini 
cian that high-delivered V has been detected, for example by 
notification message 508. As described herein, notification 
message 508 may alert the clinician that high-delivered V. 
was detected via any Suitable means, e.g., "High-Delivered 
V,” (shown) or “High-Delivered V. Detected” (not shown). 
Smart prompt 506 may further include information regarding 
one or more potential causes for high-delivered V, e.g., 
potential cause 510. For example, if high-delivered V was 
detected concurrent with a decrease in resistance, this infor 
mation may be provided to the clinician (e.g., “Detected 
concurrently with a decrease in resistance.” shown). Alterna 
tively, additional information regarding a potential cause may 
be provided to the clinician (e.g., “Detected concurrently with 
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a 25% decrease in resistance, not shown; or "Detected con 
currently with a 25% decrease in resistance from start of 
ventilation.” not shown). According to the illustrated embodi 
ment, potential cause 510 is provided along with the notifi 
cation message 508 in a banner. According to embodiments 
the illustrated embodiment may correspond to a primary 
prompt. According to alternative embodiments, in addition to 
the notification message 508 and the potential cause 510, one 
or more recommendations may be provided in an initial Smart 
prompt banner (not shown). According to other embodi 
ments, rather than providing information regarding one or 
more potential causes for high-delivered V in the initial 
Smart prompt (e.g., primary prompt), this information may be 
provided within an expanded portion (e.g., secondary 
prompt, not shown) of smart prompt 506. 
0.125. According to embodiments, Smart prompt 506 may 
be expanded to provide additional information and/or recom 
mendations to the clinician regarding a detected patient con 
dition. For example, an expand icon 512 may be provided 
within a suitable area of the smart prompt 506. According to 
embodiments, upon selection of the expand icon 512 via any 
Suitable means, the clinician may optionally expand the Smart 
prompt 506 to acquire additional information and/or recom 
mendations for addressing the detected patient condition. 
According to further embodiments, smart prompt 506 may 
include links (not shown) to additional settings and/or display 
screens of the graphical user interface 500 such that the cli 
nician may easily and quickly address and/or verify the 
detected condition. 
0.126 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 cli 
nician 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 embodi 
ment of the graphical user interface 500 is provided as an 
example only, including potentially useful information and 
alerts that may be provided to the clinician to facilitate com 
munication of detected high-delivered V, in an orderly and 
informative way, as described herein. 

Ventilator GUI Display of Expanded Smart Prompt 

0127 FIG. 6 is an illustration of an embodiment of a 
graphical user interface displaying an expanded Smart prompt 
element in a window having a notification message regarding 
high-delivered Vanda recommendation message regarding 
addressing the high-delivered V. 
I0128 Graphical user interface 600 may display various 
monitored and/or derived data to the clinician during venti 
lation of a patient. In addition, graphical user interface 600 
may display an expanded Smart prompt including one or more 
recommendation messages, as described herein. 
I0129. According to embodiments, as described above, an 
expand icon 604 may be provided within a suitable area of a 
smart prompt 602. Upon selection of the expand icon 604, the 
clinician may optionally expand Smart prompt 602 to acquire 
additional information and/or recommendations for address 
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ing the detected patient condition. For example, expanded 
smart prompt 606 may be provided upon selection of expand 
icon 604. As described above for smart prompt 506, expanded 
Smart prompt 606 may be displayed as a tab, icon, button, 
banner, bar, or any other suitable shape or form. Further, 
expanded smart prompt 606 may be displayed in any suitable 
location within the graphical user interface 600. For example, 
expanded Smart prompt 606 may be displayed below (shown) 
smart prompt 602, to a side (not shown) of smart prompt 602, 
or otherwise logically associated with smart prompt 602. 
According to other embodiments, an initial Smart prompt may 
be hidden (not shown) upon displaying expanded Smart 
prompt 606. Expanded smart prompt 606 may also be par 
tially transparent (not shown) Such that ventilatory displays 
and data may be at least partially visible behind expanded 
Smart prompt 606. According to Some embodiments, 
expanded Smart prompt 606 corresponds to a secondary 
prompt. 
0130. According to embodiments, expanded smart prompt 
606 may comprise additional information (not shown) and/or 
one or more recommendation messages 608 for addressing 
high-delivered V. For example, the one or more recommen 
dation messages 608 may be based on a type of ventilation 
(e.g., VC, PC, PS, VC+, VS, or PA ventilation) being deliv 
ered to the patient. Furthermore, the one or more recommen 
dation messages 608 may be based on one or more potential 
causes for the high-delivered V. 
0131 For example, during PC ventilation (shown), when 
high-delivered V was detected concurrent with an increase in 
compliance or a decrease in resistance (not shown), the ven 
tilator may provide the recommendation: “Consider reducing 
set P. Alternatively, when high-delivered V was detected 
concurrent with an increase in patient inspiratory effort 
(shown), the ventilator may provide the recommendation: 
“Consider: (1) causes for increased patient inspiratory effort; 
(2) reducing set P.” 
0.132. During PS ventilation (not shown), when high-de 
livered V was detected concurrent with an increase in com 
pliance or a decrease in resistance, the ventilator may provide 
the recommendation: “Consider reducing set Pse. Alter 
natively, when high-delivered V was detected concurrent 
with an increase in patient inspiratory effort, the ventilator 
may provide the recommendation: “Consider: (1) causes for 

99 increased patient inspiratory effort; (2) reducing set Pse. 
0133. During VC ventilation (not shown), VC+ ventilation 
(not shown) or VS ventilation (not shown), when high-deliv 
ered V was detected concurrent with an increase in patient 
inspiratory effort, the ventilator may provide the recommen 
dation: “Consider: (1) causes for increased patient inspiratory 
effort; (2) increasing set V.” 
0134. During PA ventilation (not shown), when high-de 
livered V was detected concurrent with an increase in patient 
inspiratory effort, the ventilator may provide the recommen 
dation: “Consider causes for increased patient inspiratory 
effort. 
0135 According to embodiments, expanded smart prompt 
606 may also include one or more hyperlinks 610, which may 
provide immediate access to the display and/or settings 
screens associated with detected high-delivered V. For 
example, associated parameter settings Screens may be 
accessed from expanded smart prompt 606 via hyperlink 610 
such that the clinician may address detected high-delivered 
V, by adjusting one or more parameter settings as necessary. 
For example, hyperlink 610 may be linked to a setup screen 
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Such that the clinician may reduce the set P or set Ps, may 
increase the set V, etc. Alternatively, associated parameter 
display Screens may be accessed such that the clinician may 
view clinical data associated with high-delivered V in the 
form of charts, graphs, or otherwise. That is, according to 
embodiments, the clinician may access the ventilatory data 
that implicated one or more potential causes for the high 
delivered V (e.g., for verification purposes or otherwise). For 
example, hyperlink 610 may be linked to one or more param 
eter display screens for evaluating causes for increased 
inspiratory drive, for evaluating ventilatory data implicating a 
decrease in resistance, for evaluating ventilatory data impli 
cating an increase in compliance, etc. 
0.136. As may be appreciated, the disclosed smart prompt 
and recommendation messages illustrated in graphical user 
interface 600 may be arranged in any suitable order or con 
figuration Such that information and alerts may be communi 
cated to the clinician in an efficient and orderly manner. 
Indeed, the illustrated embodiment of the graphical user inter 
face 600 is provided as an example only, including potentially 
useful information and recommendations that may be pro 
vided to the clinician to facilitate communication of Sugges 
tions for addressing detected high-delivered V in an orderly 
and informative way, as described herein. 
0.137 Unless otherwise indicated, all numbers expressing 
measurements, dimensions, and so forth used in the specifi 
cation and claims are to be understood as being modified in all 
instances by the term “about.” Accordingly, unless indicated 
to the contrary, the numerical parameters set forth in the 
following specification and attached claims are approxima 
tions that may vary depending upon the desired properties 
sought to be obtained by the present disclosure. Further, 
unless otherwise stated, the term “about’ shall expressly 
include “exactly, 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 values or Sub-ranges encom 
passed 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 ranges recit 
ing only one numerical value. Furthermore, such an interpre 
tation should apply regardless of the breadth of the range or 
the characteristics being described. 
0.138. 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 implemented in 
many manners and as Such is not to be limited by the forego 
ing exemplified embodiments and examples. In other words, 
functional elements being performed by a single or multiple 
components, in various combinations of hardware and soft 
ware, and individual functions can be distributed among soft 
ware applications at either the client or server level. In this 
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regard, any number of the features of the different embodi 
ments described herein may be combined into one single 
embodiment and alternative embodiments having fewer than 
or more than all of the features herein described are possible. 
0139 While various embodiments have been described 
for purposes of this disclosure, various changes and modifi 
cations may be made which are well within the scope of the 
present disclosure. Numerous other changes 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. 

1-20. (canceled) 
21. A ventilator-implemented method for detecting high 

delivered tidal volume (V), the method comprising: 
receiving a setting for a threshold V, 
determining a tidal volume delivered to a patient (delivered 
V); 

detecting high-delivered V, upon determining that the 
delivered V is greater than the threshold V, 

identifying one or more potential causes for the high-de 
livered V comprising one or more of: 
detecting an increase in compliance concurrently with 

the high-delivered V. 
detecting a decrease in resistance concurrently with the 

high-delivered V, and 
detecting an increase in patient inspiratory effort con 

currently with the high-delivered V, and 
displaying a prompt when high-delivered V, is detected. 
22. The method of claim 21, wherein the delivered V, is 

determined by integrating inspiratory flow over inspiratory 
time (T). 

23. The method of claim 21, wherein the delivered V, is 
determined by integrating expiratory flow over expiratory 
time (T). 

24. The method of claim 21, wherein displaying the prompt 
includes displaying the one or more potential causes for the 
high-delivered V. 

25. The method of claim 21, wherein displaying the prompt 
includes displaying one or more recommendations for 
addressing the high-delivered V. 

26. The method of claim 21, wherein the prompt com 
prises: 

a primary prompt that includes an alert regarding the high 
delivered V, and the one or more potential causes for the 
high-delivered V, and 

a secondary prompt that includes one or more recommen 
dations for addressing the high-delivered V. 

27. A ventilatory system for detecting high-delivered tidal 
volume (V), the ventilator system comprising at least one 
processor and at least one memory, communicatively coupled 
to the at least one processor and containing instructions that, 
when executed by the at least one processor, cause the Venti 
latory system to: 

detect high-delivered V. 
identify one or more potential causes for the high-delivered 
V, comprising one or more of: 
detect an increase in compliance concurrently with the 

high-delivered V. 
detect a decrease in resistance concurrently with the 

high-delivered V, and 
detect an increase in patient inspiratory effort concur 

rently with the high-delivered V, and 
display a prompt regarding the high-delivered V. 
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28. The ventilator system of claim 27, wherein the prompt 
comprises one or more of: 

a notification message displaying the one or more potential 
causes for the high-delivered V, and 

a recommendation message displaying one or more recom 
mendations for addressing the high-delivered V. 

29. The ventilatory system of claim 27, wherein the prompt 
comprises: 

a primary prompt that displays the one or more potential 
causes for the high-delivered V, and 

a secondary prompt that displays one or more recommen 
dations for addressing the high-delivered V. 

30. The ventilator system of claim 29, wherein the second 
ary prompt is displayed upon receiving a selection. 

31. The ventilatory system of claim 28, wherein the noti 
fication message displays at least one of: 

an increase in compliance detected concurrently with the 
high-delivered V, and 

a decrease in resistance detected concurrently with the 
high-delivered V. 

32. The ventilatory system of claim 31, wherein the rec 
ommendation message displays: 

consider decreasing inspiratory pressure (P). 
33. The ventilatory system of claim 28, wherein the noti 

fication message displays at least one of: 
an increase in compliance detected concurrently with the 

high-delivered V, and 
a decrease in resistance detected concurrently with the 

high-delivered V. 
34. The ventilatory system of claim 33, wherein the rec 

ommendation message displays: 
consider decreasing pressure Support (Psep). 
35. The ventilatory system of claim 28, wherein the noti 

fication message displays: 
an increase in patient inspiratory effort detected concur 

rently with the high-delivered V. 
36. The ventilatory system of claim 35, wherein the rec 

ommendation message displays one or more of: 
consider causes for the increase in patient inspiratory 

effort; 
consider decreasing inspiratory pressure (P): 
consider increasing set V, and 
consider decreasing pressure Support (Psep). 
37. A ventilator processing interface for displaying a 

prompt in response to detecting high-delivered tidal Volume 
(V), comprising: 
means for detecting the high-delivered V. 
means for identifying one or more potential causes for the 

high-delivered V comprising one or more of: 
means for detecting an increase in compliance concur 

rently with the high-delivered V, 
means for detecting a decrease in resistance concur 

rently with the high-delivered V, and 
means for detecting an increase in patient inspiratory 

effort concurrently with the high-delivered V, and 
means for displaying the prompt including the one or more 

potential causes for the high-delivered V. 
38. The ventilator processing interface of claim 37, further 

comprising: 
means for determining one or more recommendations for 

addressing the high-delivered V, wherein the display 
ing prompt further includes the one or more recommen 
dations for addressing the high-delivered V. 
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39. A graphical user interface of a ventilator for displaying 
one or more prompts, the graphical user interface communi 
catively coupled to the ventilator for accepting commands 
and for displaying information, the graphical user interface 
comprising: 

at least one window; and 
one or more elements within the at least one window com 

prising at least one prompt element for communicating 
information upon detecting high-delivered tidal Volume 
(V), wherein the information comprises one or more 
potential causes for the detected high-delivered V that 
include one or more of an increase in compliance, a 
decrease in resistance, and an increase in patient inspira 
tory effort. 

40. The graphical user interface of claim39, wherein the at 
least one prompt element further comprises at least one of a 
notification message and a recommendation message, 
wherein the notification message comprises an alert associ 
ated with the detected high-delivered V, and wherein the 
recommendation message comprises one or more recommen 
dations for addressing the detected high-delivered V. 
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