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METHOD FOR VIENTILATION 

RELATED APPLICATION 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 61/235,588, filed Aug. 20, 2009, 
which application is hereby incorporated by reference. 

BACKGROUND 

0002 Since the introduction of the microprocessor to 
mechanical ventilation systems, the industry has produced a 
potentially confusing plethora of options for breath modes, 
breath types and other therapies. The growth of applications 
has, to some extent, been fueled by competition between 
manufacturers and the result is a collection of critical care 
ventilators that attempt to be all things to all users. Lost in this 
are the occasional practitioners who are not experts in all the 
varied approaches and who work only infrequently with a 
ventilator. These users can be put off by the complexity of the 
user interface and may not be knowledgeable enough to select 
the appropriate therapy for a given Subject. For instance, a 
severe flu epidemic or nerve gas terrorist attack might mean 
deploying large numbers of ventilators in the hands of mini 
mally trained first responders. 
0003. In view of the importance of being capable of pro 
viding mechanical ventilation to a large number of Subjects 
with minimal clinician Support during an emergency, there is 
a need for a method of automatic control of a mechanical 
ventilator that may require the entering of a single subject 
physical characteristic for initiating mechanical ventilation 
on a subject, automatically managing said Subject's mechani 
cal ventilation, transitioning a mechanical ventilator to Sub 
ject controlled ventilation, and weaning said Subject from 
mechanical ventilation. 

SUMMARY 

0004. This disclosure describes a method for automati 
cally initiating ventilation, controlling ventilation, transition 
ing a ventilator to Subject controlled ventilation, and weaning 
a subject from ventilation. 
0005. As discussed in greater detail below, the disclosure 
describes a method for automatically initiating ventilation 
that includes inputting a physical characteristic of the Subject 
into a ventilator. The physical characteristic is preferably a 
characteristic correlating to the size or lung capacity of the 
Subject, Such as ideal body weight (IBW), height, or age. 
Based on the inputted physical characteristic, one or more 
ventilation parameters are calculated. Such as duration of 
inspiration phase of breath (Ts), Volume size of breath 
delivered to subject (V) or breathing frequency. 
0006. According to one embodiment, where the ventila 
tion mode is a volume/assist mode and the inputted physical 
characteristic is ideal body weight, Ts is calculated as a 
linear function of IBW: V, is also represented as a linear 
function of IBW; and breath frequency is determined using a 
preset Tys:T ratio. If the ventilation mode is a Volume 
0007 Targeted/Pressure Control mode (VTPC), T2 is a 
linear function of IBW; inspiratory flow is based on predeter 
mined Ts; and the target pressure is selected to achieve a 
pre-defined Volume target expressed as a Volume per unit of 
IBW. 

0008 Ventilation is initiated based on the calculated 
parameters. During ventilation at least one physiological 
parameter of the Subject is monitored using one or more 
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sensors. The physiological parameters may include positive 
airway pressure (PAP), lung flow (LF), arterial oxygen Satu 
ration (SO), pulse rate, end tidal exhaled carbon dioxide 
concentration (ECO), patient initiated breath rate, exhaled 
minute Volume, and minute carbon dioxide production. At 
least one ventilation parameter may be adjusted based on the 
monitoring of the physiological parameters and the inputted 
physical characteristic. 
0009. In another embodiment, a method for automatically 
controlling ventilation of a Subject who is initiating breathing 
efforts in a VTPC mode is disclosed. According to this 
embodiment, the PAP of the subject is measured. The first 
derivative of the PAP measurement is then calculated. If the 
first derivative approaches Zero during the inspiratory time in 
VCV before the pressure target is reached and if the pattern is 
repetitive, at least one of TsorTMs is adjusted Such that 
the derivative of the pressure-time waveform has no more 
than one inflection point. 
0010. In a further embodiment, a method for automati 
cally controlling ventilation of a Subject is disclosed. Accord 
ing to this embodiment, an upper and lower bound of ECO 
is set. The ECO level of the subject is then measured. If the 
measured ECO level of the subject exceeds the upper 
bound, at least one ventilator parameter is adjusted to reduce 
the ECO level of the subject. The ventilator parameter may 
be breath volume (V) or breath frequency. In one embodi 
ment, if the ECO level exceeds the upper bound, the breath 
frequency parameter is adjusted. Additionally, the maximum 
PAP may be measured. If the maximum PAP is determined to 
be within a predetermined range of the upper bound, and if the 
ECO level is too low, the breath volume parameter is 
adjusted. 
0011. In an additional embodiment, a method for auto 
matically controlling ventilation of a Subject is disclosed. 
According to this embodiment, an SO target value is set. 
The S.O. level of a subject is measured. If the measured S.O. 
value of the subject is above or below the target value, the 
level of oxygen in the gas mixture is adjusted to achieve the 
SO target value. If the level of oxygen required to achieve 
the S.O. target value exceeds a predetermined threshold for 
oxygen in the gas mixture, at least one of PEEP and FiO is 
adjusted. 
0012. In another embodiment, a method for automatically 
transitioning a ventilator to Subject control is disclosed. 
According to this embodiment, it is first determined whether 
the Subject is attempting to initiate breaths. If a Subject is not 
attempting to initiate breaths, the ECO level of the subject is 
measured and compared to a pre-defined range. If the mea 
Sured ECO is within the range, the breath frequency is 
reduced after which the breath frequency is re-determined if 
the Subject is initiating breaths. If the Subject is attempting to 
initiate breaths for at least a predetermined percentage of the 
delivered breaths, the ventilator is switched to an assist mode 
whereby the ventilator delivered breaths are suspended. 
0013. In an additional embodiment, a method for auto 
matically weaning a Subject from a ventilator Volume Support 
mode is disclosed. At least one of ECO, V, and breath 
frequency is measured and compared with predetermined 
target ranges. If one or more measurements are within their 
target ranges for a predetermined period of time, and if the 
settings for F.O. and PEEP are below pre-defined threshold 
values, then the ventilator is transitioned to a weaning mode. 
The ventilator is transitioned from a volume support mode to 
a pressure Support mode by adjusting the pressure by a preset 
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value below the target pressure utilized in the volume support 
mode. The pressure may be reduced in a step wise manner at 
predetermined intervals. A spontaneous breath trial may then 
be initiated. If it is determined that the subject can be removed 
from mechanical ventilation, an alert is provided. 
0014. These and various other features as well as advan 
tages which characterize the disclosed systems and methods 
will be apparent from a reading of the following detailed 
description and a review of the associated drawings. Addi 
tional features of the device and methods described herein 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 will be realized 
and attained by the structure particularly pointed out in the 
written description and claims as well as the appended draw 
1ngS, 
0015. 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 disclosed technology as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016. The following drawing figures, which form a part of 
this application, are illustrative of disclosed technology and 
are not meant to limit the scope of the description in any 
manner, which scope shall be based on the claims appended 
hereto. 
0017 FIG. 1 illustrates a method for automatically initi 
ating and adjusting mechanical ventilation. 
0018 FIG. 2 illustrates a method for automatically initi 
ating and adjusting mechanical ventilation. 
0019 FIG. 3 illustrates a method for automatically con 

trolling mechanical ventilation of a Subject initiating breath 
ing efforts. 
0020 FIG. 4 illustrates a method for automatically con 

trolling mechanical ventilation of a Subject. 
0021 FIG. 5 illustrates a method for automatically con 

trolling mechanical ventilation of a Subject. 
0022 FIG. 6 illustrates a method for automatically con 

trolling mechanical ventilation of a Subject. 
0023 FIG. 7 illustrates a method for automatically transi 
tioning a mechanical ventilator to Subject control. 
0024 FIG. 8 illustrates a method for automatically transi 
tioning a mechanical ventilator to Subject control. 
0025 FIG. 9 illustrates a method for automatically wean 
ing a subject from a mechanical ventilator in a Volume Sup 
port mode. 
0026 FIG.10 illustrates a method for automatically wean 
ing a Subject from a mechanical ventilator in a pressure Sup 
port mode. 
0027 FIG. 11 illustrates a method for automatically initi 
ating and adjusting mechanical ventilation. 
0028 FIG. 12 illustrates a method for automatically con 

trolling mechanical ventilation of a Subject. 
0029 FIG. 13 illustrates a method for automatically wean 
ing a subject from a mechanical ventilator in a Volume Sup 
port mode. 
0030 FIG. 14 illustrates a graph of arbiter functions. 

DETAILED DESCRIPTION 

0031. This disclosure describes various methods for auto 
matic mechanical ventilation. As will be discussed, the dis 
closure describes a method for automatically initiating 
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mechanical ventilation, controlling mechanical ventilation, 
transitioning a mechanical ventilator to Subject controlled 
ventilation, and weaning a Subject from mechanical ventila 
tion. 

Initiation Phase 

0032 FIG. 1 is a flow chart illustrating a method 100 for 
automatically initiating and adjusting mechanical ventilation 
in a subject. 
0033 According to an embodiment, step 110 inputs a 
physical characteristic. The physical characteristic may be 
any physical characteristic of a Subject suitable for determin 
ing a ventilation parameter. In one embodiment, the physical 
characteristic is at least one of height, weight, ideal body 
Weight, or age. 
0034 Step 120 calculates one or more ventilation param 
eters based on the physical characteristic. Suitable ventilation 
parameters include Fraction of Inspired Oxygen (FO), 
Inspiratory Time (Ts), gas mixture and breath frequency. 
Other suitable parameters include Positive End Expiratory 
Pressure (PEEP), Trigger Sensitivity, Tidal Volume (V), 
Inspiratory Flow, Plateau Time (T,), Inspiratory Pressure 
(P), Pressure Support (Ps), Expiratory Sensitivity (Es 
ENS), Apnea Interval (T), Disconnect Sensitivity (Ds), 
Support Tube Compensation (TC96), Control percentage of 
work performed by Ventilator (PAV%), Sigh rate, and Sigh 
volume. This list is not restrictive. Any ventilation parameter 
capable of being calculated based on an inputted physical 
characteristic may be utilized without departing from the 
Scope and intent of the disclosure. 
0035. Accordingly, Step 130 initiates ventilation based on 
the calculated ventilation parameters. Step 140 monitors at 
least one physiological parameter of the Subject. The physi 
ological parameter may include positive airway pressure 
(PAP), lung flow (LF), arterial oxygen saturation (SpO2), 
pulse rate, end tidal exhaled carbon dioxide concentrations 
(ECO), patient initiated breath rate, exhaled minute vol 
ume, and minute carbon dioxide production. This list is not 
restrictive. Step 150 adjusts at least one ventilation parameter 
based on the inputted physical characteristic and the moni 
toring of the physiological parameter. 
0036 FIG. 2 is a flow chart illustrating a method 200 for 
automatically initiating and adjusting mechanical ventilation 
in a subject. 
0037 According to an embodiment, step 202 inputs a 
physical characteristic. Step 204 calculates one or more ven 
tilation parameters based on the physical characteristic. 
Accordingly, Step 206 initiates mechanical ventilation based 
on the calculated ventilation parameter(s). 
0038 Step 208 determines if ventilation is substantially 
synchronized with the breathing efforts of the subject. In one 
embodiment, this is determined by analyzing the first time 
derivative of the positive pressure signal. As used herein, all 
“predetermined' levels, boundaries, maximums, minimums 
or ranges are standard for every Subject, inputted, or calcu 
lated based on an inputted physical characteristic. If Step 208 
determines that ventilation of the subject is not substantially 
synchronized with the breathing efforts of the subject, Step 
220 adjusts the breath trajectory. If Step 208 determines that 
ventilation is substantially synchronized with the breathing 
efforts of the subject, Step 210 determines if the Volume 
Target (VT) is equal to or greater than a desired amount, Such 
as about 7 ml/kg. If step 210 determines that the volume target 
is not equal to or greater than about 7 ml/kg, Step 222 deter 
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mines if the volume target is at least about 5 ml/kg at about 40 
hPa. If Step 222 determines that the volume target is at least 
about 5 ml/kg at about 40 hPa, Step 224 determines if the 
ECO level of the subject is less than a predetermined maxi 
mum partial pressure of carbon dioxide (pCO). 
pCO may be a predetermined boundary. If Step 224 
determines that the ECO is not less than the pCO, Step 
226 increases the breath frequency. In one embodiment, the 
increase in breath frequency reduces the ECO level of the 
subject to a target value. If Step 210 determines that volume 
target is greater than or equal to about 7 ml/kg, Step 212 
determines if the Volume target is greater than about 10 ml/kg. 
If Step 212 determines that the volume target is greater than 
about 10 ml/kg, Step 214 lowers the target Pressure (P) to 
achieve a Volume target of about 9 ml/kg. In one embodiment, 
Step 214 lowers the target Pressure (P) to achieve a volume 
target of about 9 ml/kg based on the Subject’s dynamic com 
pliance (CDYN). If Step 212 determines that the volume 
target is not greater than or equal to about 10 ml/kg, Step 216 
determines if the ECO level of the subject is within a pre 
determined range. In one embodiment, the predetermined 
ECO level may range from a target ECO with a variance 
of plus or minus 2 Torr (+/-2 Torr). If step 216 determines that 
the ECO level of the subject is within the predetermined 
alert range, alert limits are set. If Step 216 determines that the 
ECO level of the subject is not within a predetermined 
range, Step 218 adjusts the breath rate. 
0.039 Inafurther embodiment, the ventilator initiates Vol 
ume Assist/Control Ventilation by calculating an appropriate 
duration for the inspiration phase of the breath (Ts). In one 
embodiment, of this approach, the duration is a linear func 
tion of the subject’s ideal body weight (IBW). One particular 
solution uses the function: {T, 400+5xIBW where the 
time is in milliseconds and IBW is in kilograms. In another 
embodiment, the scalar in the equation above (i.e. 5 in the 
equation above) may range from about 4 to 8. In a further 
embodiment, the base value in the equation above (i.e. 400 in 
the equation above) may range from about 300 to 500. Next, 
the appropriate average flow rate of breathing gas delivered 
during the inspiration phase of breathing is calculated. The 
flow is computed such that the volume of breathing gas deliv 
ered during the inspiration phase is a linear function of the 
IBW. The flow is calculated with the following equation: 
V(0.007xideal body weightx60)/Ts. In another 
embodiment, the equation above may include a base value 
(i.e. 0.007 in the equation above) of about 0.0005 to 0.001. 
The initial frequency at which the breaths are delivered are 
calculated by using a defined ratio of inspiration time to 
exhalation time or a defined breath frequency (Tys:T). 
In one embodiment, this ratio is about 1:3. In another embodi 
ment, this ratio may from about 1:2 to 1:4. 
0040 Alternatively, in another embodiment, the ventilator 
initiates Volume Targeted, Pressure Control Ventilation 
(VTPC). In this embodiment, the ventilator delivers a series 
of test breaths using an inflation pressure of about 10 to 40 
hPa. In another embodiment, the ventilator delivers a series of 
test breaths using an inflation pressure of about 10 to 20 hPa. 
Tsis a linear function of the subjects IBW. In one embodi 
ment, the linear function is: {Ts-400+5xIBW where the 
time is in milliseconds and IBW is in kilograms. In another 
embodiment, the scalar in the equation above (i.e. 5 in the 
equation above) may range from about 4 to 8. In a further 
embodiment, the base value in the equation above (i.e. 400 in 
the equation above) may be range from about 300 to 500. The 
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rate at which the breathing gas is delivered is based upon arise 
time of about 40 to 60% (e.g. the gas volume is modulated 
Such that the pressure target will be reached in /2 the Ts). 
Based upon the data collected and/or information learned 
during the test breaths, the delivery pressure target may be 
selected to achieve a pre-defined Volume target. In one 
embodiment, this target is about 5 to 10 ml/kg IBW. In 
another embodiment, this target is about 7 ml/kg IBW. In one 
embodiment, the amount of volume delivered per unit pres 
Sure is monitored during the test breaths. 
0041. In this embodiment, where the ventilator delivers a 
series of breaths, an algorithm measures the volume delivered 
at the initial pressure and then computes the pressure needed 
to delivera target Volume. This is an iterative process that may 
take several breaths to achieve a targeted volume even after 
pressure is adjusted on a breath-to-breath basis. 
0042. Also, according to this embodiment, the breathing 
gas mix delivered to the subject may be initiated at about 
100% oxygen and is automatically adjusted based upon the 
monitored parameters of the subject. The ventilator may also 
apply an initial level of Positive End Expiratory Pressure 
(PEEP), which may be adjusted automatically based upon the 
monitored parameters of the Subject. 
0043. In one embodiment, when the physical characteris 

tic is subject size (i.e. IBW, height, or weight), the desired 
mixture of breathing gas is based upon the inputted physical 
characteristic. For instance, the mixture may be about 100% 
oxygen for Subjects weighing more than about 10 kg and 
about 60% oxygen balanced with nitrogen for subjects 
weighing about 10 kg or less. 
0044. In another embodiment, the initial setting for Posi 
tive End Expiratory Pressure (PEEP) is based upon an input 
ted physical characteristic. For instance, where the inputted 
characteristic is IBW, the setting may be about 3 centimeters 
of water pressure for Subjects weighing about 10 kg or less 
and about 5 centimeters of water pressure for subjects weigh 
ing more than about 10 kg. In a particular embodiment, PEEP 
will be initialized at about 4 hPa for all subjects. 
0045. In a further embodiment, both PEEP and FAO, may 
be calculated to achieve a predetermined target for S.O. 
Both PEEP and FO may be calculated based upon an input 
ted physical characteristic. In one embodiment, these inputs 
include S.O., pulse rate, minute ventilation and breathing 
frequency. The ventilator may use an arbiter function to deter 
mine whether to adjust PEEP. F.O. or both simultaneously. 
FIG. 14 is a graph illustrating arbiter functions 1400. In one 
embodiment, the arbiterutilizes the functions 1400 illustrated 
in FIG. 14. 
0046. In an additional embodiment, methods 100 and 200 
for automatically initiating and adjusting ventilation in a Sub 
ject may further include the production of an alert. If any of 
the physiological parameters exceed a predetermined range 
an alert may be produced. 

Management Phase 

0047 Once ventilation is initiated, it should be determined 
whether or not the subject is initiating any breathing efforts. If 
yes, the PAP and LF signals may be analyzed to determine if 
the ventilator's delivery of breathing gas is consistent with 
meeting the demand of the Subject. 
0048 FIG. 3 is a flow chart illustrating a method 300 for 
automatically controlling mechanical ventilation of a subject 
initiating breathing efforts. According to an embodiment, 
step 310 measures PAP, after which Step 320 calculates the 
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first derivative of the PAP measurement. In one embodiment, 
method 300 is in a VTPC mode. In some embodiments, the 
first derivative of the PAP measurement may be determined in 
accordance with the methods disclosed in U.S. patent appli 
cation Ser. No. 12/479,230, filed Jun. 5, 2009, and entitled 
Systems and Methods for Determining Patient Effort and/or 
Respiratory Parameters in a Ventilation System, the complete 
disclosure of which is incorporated herein by reference. 
0049 Step 325 assesses the first derivative. If Step 325 
determines that the first derivative approaches zero (or some 
other limit approaching Zero) during the inspiratory time in 
VCV before the pressure target is reached, and if a pattern is 
repetitive (e.g., an algorithm will determine whether it exists 
on a majority of the breaths), Step 330 automatically adjusts 
at least one of Ts and Tys. Such that the derivative of the 
pressure-time waveform has no more than one inflection 
point. 
0050. In one embodiment, if there is an early inflection 
point (dP/dt approaches Zero during the rising segment of the 
pressure waveform) and the ventilator mode is VTPC, the rise 
time will change by 10% to achieve the pressure target. If the 
inflection occurs after target pressure is reached (dP/dt goes 
negative then positive) then the inspiratory time is decreased 
to terminate the breath prior to the time the inflection occurs. 
In another embodiment, the breath is terminated about 50 ms 
earlier than the average occurrence of the negative inflection. 
0051. In further embodiment, if the mode is VCV, and the 
pressure waveform has an inflection point anytime during 
Ts, the algorithm will increase the flow rate in fixed incre 
ments. In one embodiment, the increments will be about 10% 
of the current value. 

0052) If the Volume Target/Pressure Control (VTPC) 
approach is utilized in this embodiment, Step 330 will auto 
matically adjust Tes. In an alternative embodiment, if the 
second derivative of the PAP signal becomes positive at any 
time after the first /2 of the inspiration phase, the inspiration 
phase will be adjusted to terminate. In either case, the delivery 
of breathing gas may be automatically adjusted to achieve the 
same Volume during the modified inspiration phase. 
0053. In another embodiment, after initiation, the 
adequacy of ventilation shall be determined. This may be 
accomplished by monitoring parameters of the Subject, Such 
as ECO. 
0054 FIG. 4 is a flow chart illustrating a method 400 for 
automatically controlling mechanical ventilation of a subject. 
0055 According to an embodiment, step 410 sets an upper 
and lower bound for ECO. Step 420 measures ECO of the 
subject. If the ECO of the subject exceeds the set upper 
bound, Step 430 automatically adjusts at least one ventilator 
parameter. In one embodiment, the level of ventilation of the 
Subject’s lungs will be adjusted proportionately, to attempt to 
bring the ECO back into the desired range. In another 
embodiment, the lower bound may be about 40 Torr and the 
upper bound may be about 45 Torr. In one embodiment, the 
ventilator parameter is breath volume (V). In another 
embodiment, the ventilation parameter is breath frequency. 
0056. In an alternative embodiment, if a subject is initiat 
ing a breath and the ECO of the subject exceeds the set 
upper bound for ECO, the level of ventilation of the sub 
jects lungs will be adjusted proportionately, to attempt to 
bring the ECO back into the desired range. In another 
embodiment, if ECO is below a set lower bound, an alert 
will be generated. The alert may be an audible and/or visual 
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indicator, which may operate to inform a user or caregiver of 
this or another patient and/or system condition. 
0057. In either case, the adjustment may be to breath fre 
quency (in order to avoid possible changes to the ratio of 
ventilation dead space to tidal Volume). 
0058. In another embodiment, the PAP signal is assessed. 
If the maximum PAP value is within predetermined bounds, 
the volume delivered per breath will be changed. If further 
change is required, the frequency will be adjusted. In either 
case, the percent change to the minute ventilation may be a 
(linear) function of the desired percent change to the ECO. 
0059 Coincident with the assessment of ventilation, the 
Subjects oxygenation may be assessed. 
0060 FIG. 5 is a flow chart illustrating a method 500 for 
automatically controlling mechanical ventilation of a Subject. 
0061 According to an embodiment, Step 510 sets a SO 
target value. The S.O. target value may be a predetermined 
range of acceptable SO levels. In one embodiment, the 
S.O. target may be set to a value between about 86 and 98 
percent. In one embodiment, the target may be about 94%. 
Step 520 measures the S.O. of the subject. Provided the S-O- 
input is valid, the mix of the breathing gas may be adjusted 
periodically according to a difference formula wherein the 
level of oxygen in the mix may be changed by Some amount 
depending on whether the S.O. reading is higher or lower 
than the target value. If the S.O. of the subject is above or 
below the S.O. target value, Step 530 adjusts the level of 
oxygen in the gas mixture to achieve the S.O. target value. In 
one embodiment, the adjustment might be a percentage 
change proportional to the desired change in S.O. For 
instance, in one embodiment, if the S.O. is below target by 
about 4%, the delivered oxygen percentage would be 
increased by about 4%. 
0062. In a second embodiment, the ventilator might 
change the oxygen level in the gas mix to achieve a desired 
change in alveolar oxygen concentration (FO) via an algo 
rithm using the computed alveolar-arterial oxygen tension 
difference and the normal oxyhemoglobindissociation curve. 
In one embodiment, the algorithm calculates the alveolar 
PO that corresponds to the measured SO to compute the 
alveolar-arterial oxygen tension difference. The algorithm 
may then calculate the P.O. required to achieve the target 
SO based on the alveolar-arterial oxygen tension differ 
CCC. 

0063. In one embodiment, the changes to the breathing 
mix may occur at predetermined intervals which might be 
different for increases and decreases in delivered oxygen 
concentration. In a specific embodiment, the interval will be 
between about 30 seconds and 5 minutes. In an alternative 
embodiment, the interval will be between about 30 seconds 
and 3 minutes. 

0064. In the event the level of delivered oxygen in the mix 
required to achieve the target S.O. is greater than a predeter 
mined level, the ventilator shall automatically increase the 
level of PEEP. The level of PEEP may be changed by prede 
termined increments or the change may be based upon the 
determination of inflection points in the pressure Volume 
plots averaged over several breaths. In one embodiment, the 
change will be an increment of about 1 to 2 centimeters of 
water pressure. In this embodiment, an upper limit is defined 
for both weight categories beyond which PEEP shall no 
longer be incremented. The algorithm may have a predeter 
mined interval for changes. In general, this interval may be 
longer than the FAO change interval. In one embodiment, the 
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interval may be about 30 minutes. In another embodiment, the 
interval may range from about 5 to 30 minutes. 
0065. In another embodiment, a predetermined F.O. value 
or set of predetermined F.O. values is used as the basis for 
modifying PEEP. For instance, the PEEP controller may 
down regulate the PEEP level if the FAO is less than about 
30% to 40%. The down-regulation may be in increments and 
may be limited by monitoring Subject parameters related to 
oxygenation and lung mechanics. 
0066. In one embodiment, SO may be evaluated in the 
period following the decrease in PEEP. Provided the S-O- 
input is valid, if the S.O. drops by more than a predetermined 
amount, the PEEP may be reinstated to the preceding value. 
0067 FIG. 6 is a flow chart illustrating a method 600 for 
automatically controlling mechanical ventilation of a subject. 
0068 According to an embodiment, step 602 sets a SO 
target value. Step 604 measures S.O. of a subject. Step 606 
determines if the S.O. of the subject is lower than the S-O- 
target. If Step 606 determines that the S.O. of the subject is 
higher than or equal to the S.O. target and the S.O. input is 
valid, step 608 runs an FAO-PEEP arbiter. In one embodi 
ment, the arbiter may utilize the arbiter functions 1400 illus 
trated in FIG. 14. Next, Step 610 adjusts at least one of PEEP 
and/or FAO, in decrements, after which step 604 may be 
repeated. If Step 606 determines that the S.O. of the subject 
is lower than the S.O. target, step 612 runs an FO-PEEP 
arbiter. Next, Step 614 adjusts at least one of PEEP and/or 
F.O. in increments, after which step 604 may be repeated. 
0069. In an alternative embodiment, after step 612, the 
ventilator may determine if a change in PEEP is indicated. If 
a change in PEEP is indicated, PEEP may be adjusted in 
increments. After adjusting PEEP, the ventilator may deter 
mine if Peak Inspiration Pressure (PIP) changed by more than 
PEEP. If PIP changed by more than PEEP, FO, is adjusted in 
increments after which the S.O. of the subject is remeasured. 
If a change is PEEP is not indicated, the S.O. of a subject 
remeasured. 
0070. In a further embodiment, an alert may be provided if 
the F.O., PEEP, or S.O. of the subject are outside of prede 
termined ranges. 

Transistioning to Subject Control Phase 

0071. The ventilator may continuously assess the ability 
of the subject to initiate breaths. In the event that no initiations 
are detected, and the ECO is within a pre-defined range, the 
ventilator will periodically reduce the breath delivery fre 
quency for a time in order to stimulate the Subject to breathe. 
In one embodiment, the period of time will be about every 30 
minutes to 60 minutes and the duration may be about 3 to 5 
minutes. In an alternative embodiment, the period of time will 
be greater than 60 minutes. In one embodiment, the period of 
time will be about 30 minutes. 

0072 FIG. 7 is a flow chart illustrating a method 700 for 
automatically transitioning a mechanical ventilator to subject 
control. 

0073. According to an embodiment, step 710 determines 
if a subject is attempting to initiate breaths. If Step 710 deter 
mines that the Subject is attempting to initiate breaths, step 
720 measures the ECO of the subject and compares the 
measured ECO with a predetermined ECO. If Step 710 
determines that the measured ECO is less than the lower 
bound of the predetermined ECO range for a predetermined 
period of time, Step 730 reduces breath frequency. 
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0074. In an alternative embodiment, step 710 determines 
ifa subject is attempting to initiate breaths. If Step 710 deter 
mines that the Subject is attempting to initiate breaths, a 
subject is periodically stimulated to breathe by reducing the 
breath rate, for example by about 10%. 
0075. In one embodiment, the reduction in breath fre 
quency will be terminated if the ECO, exceeds some prede 
termined second limit, higher than the upper bound of the 
desired range. 
0076. In one embodiment, if the ventilator determines that 
the Subject is attempting to initiate at least some minimum, 
predetermined fraction of the delivered breaths, the ventilator 
will suspend ventilator delivered breaths in favor of allowing 
the subject to operate the ventilator in an “assist mode. In an 
embodiment, the assist mode comprises suspending ventila 
torinitiated breaths as long as the Subject continues to initiate 
breaths or until the measured ECO, is below a pre-deter 
mined level. 

0077. In another embodiment, if the subject demonstrates 
the ability to auto-regulate their own ECO over a predeter 
mined period, the ventilator may then transition ventilation to 
a Volume Support regime (VS). In one embodiment, the VS 
may utilize the most recent end-inspiration pressure level as 
the starting point for initiating VS. In another embodiment, 
the transition may be achieved by computing the pressure 
required to deliver the current breath volume based upon the 
Subject’s dynamic compliance. In a further embodiment, the 
transition may be achieved by calculating the pressure 
required to deliver the current breath volume and utilizing the 
calculated pressure as the starting pressure for Volume Sup 
port. In one embodiment, if the ventilator is transitioning 
from VCV, the Ts may be set to a predetermined level. In 
one embodiment, this level may be about 50%. In one 
embodiment, the predetermined Tsz value may change 
from about 10 to 90% while determining if ventilation is 
substantially synchronized with the breathing efforts of the 
subject. In a further embodiment, the breath timing may be 
based upon flow deceleration Such that the inspiration phase 
may be terminated once the lung flow drops to a predeter 
mined percentage of the peak flow. In one embodiment, this 
percentage may be about 25%. In another embodiment, the 
predetermined lung flow value may change from about 10 to 
90%, while determining if ventilation is substantially syn 
chronized with the breathing efforts of the subject. As in the 
initiation stage, the settings may be assessed for Subject com 
fort, based upon analysis of the PAP and LF signals as previ 
ously described. If necessary, in one embodiment, the Tes 
and/or flow cycle values may be adjusted automatically to 
optimize the ventilator's response to subject effort. 
0078. Once the subject has successfully transitioned to 
spontaneous breathing in a Volume Support (VS) regime, the 
ventilator may monitor the Subject for a minimum period of 
time. In one embodiment, the minimum period of time is 
about 30 minutes. In another embodiment, the period of time 
may be from about 30 minutes to about 4 hours. The response 
of the Subject may be assessed by monitoring the ECO, the 
delivered volume, and the breath frequency. In one embodi 
ment, data from other subject monitoring devices will allow 
for assessment of stability of other vital subject data. In 
another embodiment, each parameter has predetermined 
acceptance criteria and if the value (or the values of combined 
parameters derived from these values) remains in acceptable 
ranges for a defined period, the ventilator automatically tran 
sitions to a weaning stage. In one embodiment, the stability 
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period is about 30 minutes and the acceptance criteria is an 
ECO level of less than about 45 Torr, a Rapid Shallow 
Breathing Index of less than about 200 and a variability in 
pulse rate of less than a specified amount, such as about 
+/-25%. It will be appreciated by those skilled in the art that 
other values may be used for the stability period and accep 
tance criteria within the scope of the present disclosure. 
0079 FIG. 8 is a flow chart illustrating a method 800 for 
automatically transitioning a mechanical ventilator to subject 
control. 
0080 According to an embodiment, Step 802 determines 
if a Subject is attempting to initiate a predetermined percent 
age of delivered breaths. If Step 802 determines that the 
subject is attempting to initiate breaths, Step 804 determines 
if the ECO of the subject is within an acceptable range. If 
Step 804 determines that the ECO of the subject is within 
the acceptable range, Step 806 changes the ventilator to Vol 
ume Support Ventilation (VSV). The VSV may have a target 
of about 7 ml/kg. After Step 806, Step 830 runs a monitor for 
about 30 minutes. After Step 830, Step 808 determines if 
Volume Support (VS) and the ECO of the subject are within 
the predetermined acceptable range. If Step 808 determines 
that the VS and the ECO of the subject are within the 
predetermined acceptable ranges, Step 810 determines if the 
weaning criteria has been met. If Step 810 determines that the 
weaning criteria has been met, then the ventilator either auto 
matically transitions the Subject into a weaning ventilation 
mode or notifies a clinician that the Subject is ready for a 
weaning ventilation mode. If Step 810 determines that the 
weaning criteria has not been met, Step 830 is repeated. If 
Step 802 determines that the subject is not attempting to 
initiate breaths, Step 812 determines if the ECO of the 
Subject is within a predetermined acceptable range. If Step 
812 determines that the ECO of the subject is within the 
predetermined acceptable range, Step 814 monitors the 
ECO level for a predetermined period of time, such as about 
30 minutes. Following Step 814, Step 816 initiates a sponta 
neous breath challenge (SBC), after which Step 802 may be 
repeated. If Step 812 determines that the ECO level is not 
within the predetermined acceptable range, Step 818 deter 
mines it at least one of tidal volume (V) or pressure is within 
a predetermined acceptable range. If Step 818 determines that 
at least one of V or pressure is within a predetermined 
acceptable range, Step 820 changes the Exhaled Minute Vol 
ume (V). If Step 818 determines that at least one of V or 
pressure is not within the predetermined acceptable range, 
Step 822 selects V over 
I0081 Respiratory Rate (RR) after which Step 820 changes 
the V. After step 820, Step 802 is repeated. If step 808 
determines that the VS and ECO are not within the prede 
termined acceptable ranges, then Step 824 determines if pres 
Sure is at P. If Step 824 determines that pressure is at 
P. Step 826 returns to VTPC and provides increment RR 
to achieve the desired ECO after which step 802 may be 
repeated. If Step 826 determines that pressure is not at P. 
Step 828 provides incremented breath sizes below Pafter 
which Step 830 is repeated. 

Weaning Phase 
0082. The ventilator may enter the weaning phase either 
automatically, or upon user command. 
I0083 FIG. 9 is a flow chart illustrating a method 900 for 
automatically weaning a subject from a mechanical ventilator 
in Volume Support mode. 
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I0084. According to an embodiment, step 910 measures at 
least ECO, V, and breath frequency. Step 920 compares 
the measured ECO, V, and breath frequency with prede 
termined target ranges of ECO, V, and breath frequency. If 
the measured ECO, V, and breath frequency are within 
their respective ranges for a predetermined period of time and 
if select other parameters are within their acceptance criteria, 
Step 930 transitions ventilation to a weaning mode. In one 
embodiment, the select other parameters may be FO and 
PEEP. 

0085. In one embodiment, the ventilator transitions to 
Pressure Support Ventilation with an initial pressure of about 
2 hPa less than the target pressure used in Volume Support 
mode. In a further embodiment, Subject monitoring evaluates 
a plurality of Subject parameters during the control interval, 
and if the plurality of signals are within the acceptable ranges, 
the pressure support level will be reduced at the end of the 
control interval. In a further embodiment, when one or more 
parameters exceed acceptance limits, the controller may wait 
about three minutes. In one embodiment, the controller may 
wait for about 1 to 5 minutes. If the variable(s) are still out of 
range after the wait period, the pressure support level shall be 
increased. Decreases or increases of pressure Support may be 
made in discreet steps or increments/decrements followed by 
an assessment period. In one embodiment, the step size is 
about 2 hPa and the assessment period is about 15 minutes. In 
one embodiment, if the PS level is going down, the potential 
assessment period is about 15 minutes to about 2 hours. In 
alternative embodiment, if the PS level is going up, the lower 
end of the range will be determined by the response of the 
Subject. If the response is less than desired, the interval may 
be about 2 minutes. In another embodiment, the assessment 
period may be a function of Subject size. 
I0086 A minimal level of pressure support (which may be 
different for different sized subjects) may be defined. In one 
embodiment, once the subject has weaned to a Pressure Sup 
port minimum (PS), the ventilator may recommend a 
Spontaneous Breathing Trial (SBT) or, in another embodi 
ment, automatically start a SBT, PS may be a predeter 
mined minimum boundary of pressure for Supporting a Sub 
ject in a pressure Support ventilation mode. In a further 
embodiment, if at any time during the weaning phase, the 
subject parameters indicate inability to ventilate, the ventila 
tor reverts to VTPC and re-enters the control scheme at that 
point. In an alternative embodiment, if Subject's physiologic 
parameters remain stable for a predetermined period on 
PS, the trial shall be deemed Successful and an alert pro 
duced which may notify a clinician that the Subject can be 
removed from mechanical ventilation. 

I0087 FIG. 10 is a flow chart illustrating a method 1000 for 
automatically weaning a subject from a mechanical ventilator 
in pressure Support mode. 
I0088 According to an embodiment, Step 1002 adminis 
ters Pressure Support Ventilation (PVS) with Pressure Sup 
port (PS) at the most recent Volume Support Ventilation 
(VSV) pressure level. Step 1004 reduces the Pressure Support 
in decrements. In one embodiment, the PS level is reducing 
by decrements of about 2 hPa. Step 1006 determines if the 
ventilation is substantially synchronized with the breathing 
efforts of the subject. If Step 1006 determines that ventilation 
is substantially synchronized with the breathing efforts of the 
subject, Step 1008 determines if the subject monitored 
parameters. Such as VS, ECO, or SO, are within a prede 
termined acceptable range. If Step 1008 determines that 
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monitored parameters of the subject are not within the pre 
determined acceptable range, Step 1024 increases the PS 
level. In one embodiment, the PS level is increased by incre 
ments of 2 hPa. If Step 1008 determines that the ventilation of 
the Subject is within the predetermined acceptable range, Step 
1010 monitors the subject for a predetermined period of time, 
such as about 30 minutes. In one embodiment, the period of 
time may range from about 30 minutes to about 2 hours. After 
step 1010, Step 1012 determines if the subject parameters are 
within the predetermined acceptable ranges. As previously 
discussed, in one embodiment, the adequacy of ventilation 
may be determined by monitoring the ECO level. If Step 
1012 determines that the subject parameters are within the 
predetermined acceptable ranges, Step 1014 determines if PS 
is at a minimum. If yes, Step 1016 initiates a spontaneous 
breathing trial (SBT). Step 1018 monitors the subject for 
about 30 minutes. After step 1018, Step 1020 determines if 
the monitored parameters are within the predetermined 
acceptable range. If Step 1020 determines that the monitored 
parameters are within the predetermined acceptable range, an 
alert may be produced to alert a clinician that the Subject may 
be removed from mechanical ventilation. If step 1006 deter 
mines that ventilation is not substantially synchronized with 
the breathing efforts of the subject, Step 1022 adjusts at least 
one of Ts and Ess after which Step 1006 is repeated. If 
step 1012 determines that the monitored parameters are not 
within the predetermined acceptable ranges, Step 1024 
increases PS in increments after which step 1010 is repeated. 
If Step 1014 determines that the PS is not at a minimum, Step 
1004 is repeated. If Step 1020 determines that the monitored 
parameters are not within their predetermined acceptable 
ranges, Step 1026 resumes PSV terminating the SBT interval. 
After Step 1026, Step 1028 determines if the monitored 
parameters are within the predetermined acceptable ranges. If 
Step 1028 determines that the monitored parameters are 
within the predetermined acceptable ranges, Step 1016 is 
repeated. If Step 1028 determines that the monitored param 
eters are not within the predetermined acceptable ranges, Step 
1024 is repeated. 
I0089 FIG. 11 is a flow chart illustrating a method 1100 for 
automatically initiating and adjusting mechanical ventilation. 
0090 FIG. 11 is an amalgamation of the “Initiation' and 
“Management phases. FIG. 11 essentially incorporates 
FIGS. 1, 2, 5 and 6. For further detail, please see the descrip 
tions of these figures above. 
0091 FIG. 12 is flow chart illustrating a method 1200 for 
automatically controlling ventilation of a subject. 
0092 FIG. 12 is an amalgamation of the “Transitioning To 
Subject Control’ phase. FIG. 12 essentially incorporates 
FIGS. 7 and 8. For further detail, please see the descriptions 
of these figures above. 
0093 FIG. 13 is flow chart illustrating a method 1300 for 
automatically weaning a Subject from a ventilatorina Volume 
Support mode. 
0094 FIG. 13 is an amalgamation of the “Weaning phase. 
FIG. 13 essentially incorporates FIGS. 9 and 10. For further 
detail, please see the descriptions of these figures above. 
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0095. It will be clear that the described device and method 
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 method and device described within this 
specification may be implemented in many different manners 
and as Such is not to be limited by the foregoing exemplified 
embodiments and examples. In other words, functional ele 
ments being performed by a single or multiple components, in 
various combinations of hardware and Software, and indi 
vidual functions can be distributed among Software applica 
tions and even different hardware platforms. In this regard, 
any number of the features of the different embodiments 
described herein may be combined into one single embodi 
ment and alternate embodiments having fewer than or more 
than all of the features herein described are possible. 
0096. 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 
described technology. 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.-27. (canceled) 
28. A method of automatically transitioning a ventilator to 

Subject control, comprising: (a) determining whether the Sub 
ject is attempting to initiate breaths; (b) if the Subject is not 
attempting to initiate breaths, measuring ECO and compar 
ing the measured value with a pre-defined range; (c) if the 
measured ECO is within the range, reducing the breath 
frequency; and (d) repeating step (a). 

29. The method of claim 28, wherein if the subject is 
attempting to initiate breaths for at least a predetermined 
percentage of delivered breaths, switching the ventilator to 
assist mode whereby ventilator initiated breaths are sus 
pended as long as the Subject continues to initiate breaths or 
until the measured ECO is below a pre-determined level. 

30. The method of claim 29, wherein if measured ECO is 
within the target range for a predetermined period of time, 
transitioning the ventilator to Volume Support ventilation uti 
lizing the most recent end-inspiration pressure level as the 
starting point for Volume Support ventilation. 

31. The method of claim 28, wherein said transitioning is 
achieved by calculating the pressure required to deliver the 
current breath Volume and utilizing the calculated pressure as 
the starting pressure for Volume Support ventilation. 

32. The method of claim 31, further comprising adjusting 
Tse to a predetermined value. 

33. The method of claim 32, wherein said value is 50%. 
34. The method of claim 31, further comprising adjusting 

Ts, based upon flow deceleration such that the inspiration 
phase may be terminated once the lung flow drops to a pre 
determined percentage of the peak flow. 

35.-42. (canceled) 


