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ongoing manner. This may enhance diagnosis and/or treat-
ment of subject 102 by the user. The presented ventilation
information may include one or more visual representations
of the ventilation information. For example, a visual repre-
sentation may textually or graphically represent the tidal vol-
ume. A visual representation may textually or graphically
represent the volumetric components separately from each
other. In some embodiments, the data presentation module
134 may be configured to provide an indicator representing a
reference tidal volume, reference values of volumetric com-
ponents, and/or other reference parameters, which may be
based on one or more previous breaths and/or published
physiological data.

[0040] According to some embodiments, a visual represen-
tation presented by the data presentation module 134 may
include a math column that textually represents the tidal
volume and the volumetric components. As such, the tidal
volume and the volumetric components may be arranged in
the math column with arithmetic operators to convey an arith-
metic relationship between the tidal volume and the volumet-
ric components. An exemplary math column is described in
connection with FIG. 2.

[0041] A visual representation presented by the data pre-
sentation module 134, in some embodiments, may include a
stacked bar plot that graphically represents the tidal volume
and the volumetric components. The stacked bar plot may
include one or more bars, where individual ones of the one or
more bars represent the tidal volume at different time inter-
vals. Individual ones of the one or more bars may include at
least two bar segments stacked from a base line. The at least
two bar segments may include a first bar segment stacked
farthest from the baseline. The first bar segment may repre-
sent the effective alveolar tidal volume. An exemplary
stacked bar plot is described in connection with FIG. 3.
[0042] According to some embodiments, a visual represen-
tation presented by the data presentation module 134 may
include a time based series of images. Regions within the
images may be proportional to tidal volume, one or more
volumetric components, and/or other parameters. The series
of images may be view individually, as an array, as an ani-
mated sequence, and/or other format.

[0043] In some embodiments, a visual representation pre-
sented by the data presentation module 134 may include a
graphical element pictorially representing at least a portion of
a human respiratory system. A dimension of the graphical
element as a whole may correspond to the tidal volume. Such
a graphical element may include at least two regions. The at
least two regions may include a first region having a dimen-
sion corresponding to the alveolar dead space, and a second
region having a dimension corresponding to the effective
alveolar tidal volume. The graphical element may be ani-
mated such that the respective dimensions of the graphical
element and the at least two regions change during respiration
of the subject to reflect the flow of gas into and out of the at
least two regions during respiration. An exemplary graphical
element pictorially representing at least a portion of a human
respiratory system is described in connection with FIG. 4.
[0044] In accordance with some embodiments, a visual
representation presented by the data presentation module 134
may include a graphical element pictorially representing one
or more alveolus shapes. A dimension of the graphical ele-
ment may correspond to the tidal volume. The graphical
element may include at least two regions. The at least two
regions may include a first region having a dimension corre-
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sponding to the alveolar dead space, and a second region
having a dimension corresponding to the effective alveolar
tidal volume. The graphical element may be animated such
that the respective dimensions of the graphical element and
the at least two regions change during respiration of the
subject to reflect the flow of gas into and out of the at least two
regions during respiration. An exemplary graphical element
pictorially representing one or more alveolus shapes is
described in connection with FIG. 5.

[0045] The data presentation module 134 may be config-
ured to present multiple visual representations of the same
ventilation information. For example, the data presentation
module 134 may present multiple ones of a math column, a
stacked bar plot, a graphical element pictorially representing
at least a portion of a human respiratory system, a graphical
element pictorially representing an alveolus shape, and/or
other visual representations. The multiple visual representa-
tions and/or portions thereof may be coordinated in appear-
ance, such as for example, by color, texture, and/or other
visual distinctions. This may allow the user to easily identify
volumetric components conveyed by different visual repre-
sentations, to relate ventilation information to individual
breaths of the subject 102, to relate ventilation information to
a trend of breaths over time, and/or to use the ventilation
information for other purposes.

[0046] The data presentation module 134 may be config-
ured to present information associated with the subject 102
other than ventilation information. For example, the status
module 134 may textually or graphically present blood per-
fusion information as it relates to effective gas exchange.
Such information may include one or more of magnitude of
cardiac output, magnitude of shunt, oxygen saturation of
blood, heart rate, and/or other information.

[0047] FIG. 2 illustrates an exemplary math column 200
textually representing tidal volume and volumetric compo-
nents thereof. The math column 200 may be presented to the
user via the user interface 106. As depicted in FIG. 2, the math
column 200 includes field 202, field 204, field 206, field 208,
and field 210, along with corresponding field labels 212. One
or more of the fields 202-210 may be omitted from the math
column 200 or combined with other ones of the fields 202-
210. Additional fields with or without corresponding field
labels may be included in the math column 200. In some
embodiments, the field labels 212 may be omitted, or may
include other visual indications (e.g., icons, other graphic
labels, and/or other text labels) relating to corresponding
fields. The fields 202-210 and/or the field labels 212 may be
coordinated in appearance, such as for example, by color,
texture, and/or other visual distinctions. Such appearance
coordination may be consistent with one or more other visual
representations presented by the user interface 106.

[0048] According to the embodiment depicted in FIG. 2,
the field 202 presents tidal volume of the subject 102 (*384”
is a sample value) and is labeled as Vt,. The field 204 presents
airway dead space of the subject 102 (“169” is a sample value)
and is labeled as Vd,,,. The field 206 presents alveolar tidal
volume of the subject 102 (“215” is a sample value) and is
labeled as Vt ;.. The field 208 presents alveolar dead space of
the subject 102 (“42” is a sample value) and is labeled as
Vd,,,. The field 210 presents effective alveolar tidal volume
of'the subject 102 (“173” is a sample value) and is labeled as
Vtefalv‘

[0049] An arithmetic relationship between the tidal volume
and/or the volumetric components may be quantitatively con-
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veyed by the math column 200. In FIG. 2, the arithmetic
relationship is that the tidal volume equals the sum of the
volumetric components. Arithmetic operators such as a plus
sign (e.g., “+7), aminus sign (e.g., “-""), a multiply sign (e.g.,
“x”), a divide sign (e.g., “+”), and/or other operators may be
used to convey an arithmetic relationship. In the math column
200, a value in the field 204 is subtracted from a value in the
field 202 to yield a value in the field 206. This operation is
indicated by a minus sign beside the field 204. Similarly, a
value in the field 208 is subtracted from a value in the field 206
to yield a value in the field 210. This operation is indicated by
a minus sign beside the field 208.

[0050] From the arrangement of the fields 202-210, the user
may intuitively determine, for example, that tidal volume
delivered to the subject 102 should be larger that the sum of
the airway dead space and the alveolar dead space in order for
the subject 102 to receive any effective alveolar tidal volume.
The arrangement of the fields 202-210 depicted in FIG. 2 is
not intended to be limiting as other arrangements are contem-
plated. For example, elements of the math column 200 may be
arranged so as to show the same arithmetic relationship in
another form, or a different relationship between one or more
of the tidal volume, one or more of the volumetric compo-
nents, and/or other information.

[0051] FIG. 3 illustrates an exemplary stacked bar plot 300
graphically representing tidal volume and volumetric com-
ponents thereof. The stacked bar plot 300 may be presented to
the user via the user interface 106. As depicted in FIG. 3, the
stacked bar plot 300 includes a number of bars such as bar
302. Individual ones of the bars included in the stacked bar
plot 300 represent ventilation information at different time
intervals. Individual ones of the bars included in the stacked
bar plot 300 include three bar segments such as bar segments
304. In some embodiments, individual ones of the bars
included in the stacked bar plot 300 include two or more bar
segments. The bar segments may be coordinated in appear-
ance, such as for example, by color, texture, and/or other
visual distinctions. Such appearance coordination may be
consistent with one or more other visual representations pre-
sented by the user interface 106. The stacked bar plot 300 may
include a legend 306 to convey what particular information
corresponds to various bars and/or bar segments.

[0052] According to the embodiment depicted in FIG. 3,
bar segments for a given bar are arranged such that a bar
segment stacked closest to baseline 308 represents the airway
dead space, a bar segment stacked above that bar segments
represents the alveolar dead space, and a bar segments
stacked furthest from the baseline 308 represents the effective
alveolar tidal volume. The total height of a given bar may
represent tidal volume. As such, an arithmetic relationship
between the tidal volume and/or the volumetric components
may be conveyed by the stacked bar plot 300 since the tidal
volume equals the sum of the volumetric components. Some
embodiments may assign a constant value to one or more bar
segments (e.g., a bar segment representing airway dead
space). In some embodiments, airway dead space may not be
presented and, as such, the total height of a given bar may
represent alveolar tidal volume.

[0053] FIG. 4 illustrates an exemplary graphical element
400 pictorially representing at least a portion of a human
respiratory system and conveying information relating to res-
piratory rate, tidal volume, and/or volumetric components of
tidal volume. In FIG. 4, the at least a portion of a human
respiratory system includes lungs represented by a lungs
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shape. In the embodiment depicted in FIG. 4, the graphical
element 400 pictorially represents a lung such as that of the
subject102. The overall size or other dimension of the graphi-
cal element 400 represents tidal volume. The graphical ele-
ment 400 includes region 402, region 404, region 406, and/or
other regions. One or more of the regions 402-406 may be
omitted from the graphical element 400, combined with other
ones of the regions 402-406, or positioned differently in the
graphical element 400. The regions 402-406, other regions,
and/or other visible aspects of the graphical element 400 may
be coordinated in appearance, such as for example, by color,
texture, and/or other visual distinctions. Such appearance
coordination may be consistent with one or more other visual
representations presented by the user interface 106.

[0054] According to the embodiment depicted in FIG. 4,
the region 402 represents airway dead space, the region 404
represents alveolar dead space, and the region 406 represents
effective alveolar tidal volume. The relative size, area, or
other dimension of the regions 402-406 may correspond
qualitatively or quantitatively to values for volumetric com-
ponents associated with the regions 402-406. The graphical
element 400 may be animated such that certain characteristics
(e.g., size, color, etc.) of the regions 402-406 and/or the
graphical element 400 itself change during respiration of the
subject 102. For example, the area of the regions 402-406 may
increase and/or be filled by color during respiration of the
subject 102 to reflect the flow of gas into and out of the regions
402-406 during respiration. Animation of the graphical ele-
ment 400 may be performed on a breath-by-breath basis. As
such, expansion and contraction of the graphical element 400
and/or the regions 402-406 may be tied to the breathing rate of
the subject 102. A reference normal value for one or more of
the regions 402-406 may be included in the graphical element
400. In some embodiments, an ideal tidal volume for a given
weight of the subject 102 may be represented by one or more
regions (not depicted). The graphical element 400 may
include one or more regions representing volumetric differ-
ence between two consecutive breaths, volumetric difference
between monitored breaths and reference data, and/or other
information. An exemplary animation of a graphical element
is described below in connection with FIG. 6.

[0055] The graphical element 400 may include perfusion
region 408, perfusion region 410, perfusion region 412, and/
or other perfusion regions. The perfusion regions 408-412
represent blood flow through the lungs of the subject 102.
More specifically, the perfusion region 408 represents deoxy-
genated blood returning to the lungs from other parts of the
subject 102. The perfusion region 410 represents blood that is
oxygenated through gas exchange in the lungs as it flows
through the perfused region of the lungs that is matched to
ventilated alveoli. The perfusion region 412 represents blood
that bypasses the ventilated portion of the lungs and thus is
not oxygenated. The perfusion region 412 may be positioned
within or outside the lungs shape in various embodiments.
Information conveyed by the perfusion regions 408-412 may
be obtained from the blood gas information interface 108, the
cardiac information interface 111, and/or other sources.

[0056] The position of a point 414 where the perfusion
region 408 meets the perfusion region 410 may be indicative
of how effective the lungs of the subject 102 are at providing
oxygen to the bloodstream. In one embodiment, for example,
if the lungs are good at oxygenating blood, then the position
ofthe point 414 may be similar to the position of the point 414
depicted in FIG. 4. If the lungs are poor at oxygenating blood,
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then the position of the point 414 may be shifted to the right
relative to the position of the point 414 depicted in FIG. 4.
Blood flow rate, heart rate, and/or other factors may be rep-
resented by a dimension (e.g., width) or animation (e.g.,
pulsating movement) of one or more of the perfusion regions
408-412.

[0057] FIG. 5 illustrates an exemplary graphical element
500 pictorially representing one or more alveolus shapes and
conveying information relating to respiratory rate, tidal vol-
ume, and/or volumetric components of tidal volume. The
graphical element 500 includes region 502, region 504,
region 506, and/or other regions. One or more of the regions
502-506 may be omitted from the graphical element 500 or
combined with other ones of the regions 502-506. The regions
502-506, other regions, and/or other visible aspects of the
graphical element 500 may be coordinated in appearance,
such as for example, by color, texture, and/or other visual
distinctions. Such appearance coordination may be consistent
with one or more other visual representations presented by
the user interface 106.

[0058] According to the embodiment depicted in FIG. 5,
the region 502 represents airway dead space, the region 504
represents alveolar dead space, and the region 506 represents
effective alveolar tidal volume. The relative size, area, or
other dimension of the regions 502-506 may correspond
qualitatively or quantitatively to values for volumetric com-
ponents associated with the regions 502-506. The graphical
element 500 may be animated such that certain characteristics
(e.g., size, color, etc.) of the regions 502-506 and/or the
graphical element 500 itself change during respiration of the
subject102. For example, the area of the regions 502-506 may
increase and/or be filled by color during respiration of the
subject 102 to reflect the flow of gas into and out of the regions
502-506 during respiration. Animation of the graphical ele-
ment 500 may be performed on a breath-by-breath basis. As
such, expansion and contraction of the graphical element 500
and/or the regions 502-506 may be tied to the breathing rate of
the subject 102. A reference circle 508 may indicate, after
expiration, how large the effective alveolar tidal volume was
for a previous breath by the subject 102. A reference normal
value for one or more of the regions 502-506 may be included
in the graphical element 500. The graphical element 500 may
include one or more regions representing volumetric differ-
ence between two consecutive breaths, volumetric difference
between monitored breaths and reference data, and/or other
information. An exemplary animation of a graphical element
is described in connection with FIG. 6.

[0059] The graphical element 500 may include perfusion
region 510, perfusion region 512, perfusion region 514, and/
or other perfusion regions. The perfusion regions 510-514
represent blood flow through the lungs of the subject 102.
More specifically, the perfusion region 510 represents deoxy-
genated blood returning to the lungs from other parts of the
subject 102. The perfusion region 512 represents blood that is
oxygenated through gas exchange in the lungs as it flows
through the perfused region of the lungs that is matched to
ventilated alveoli. The perfusion region 514 represents blood
that bypasses the ventilated portion of the lungs and thus is
not oxygenated. Information conveyed by the perfusion
regions 510-514 may be obtained from the blood gas infor-
mation interface 108, the cardiac information interface 111,
and/or other sources.

[0060] The position of a point 516 where the perfusion
region 510 meets the perfusion region 512 may be indicative
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of' how effective the lungs of the subject 102 are at providing
oxygen to the bloodstream. In one embodiment, for example,
if the lungs are good at oxygenating blood, then the position
ofthe point 516 may be similar to the position ofthe point 516
depicted in FIG. 4. If the lungs are poor at oxygenating blood,
then the position of the point 516 may be shifted to the right
relative to the position of the point 516 depicted in FIG. 4.
Blood flow rate, heart rate, and/or other factors may be rep-
resented by a dimension (e.g., width) or animation (e.g.,
pulsating movement) of one or more of the perfusion regions
510-514.

[0061] FIG. 6 illustrates frames 600 of an exemplary ani-
mation of a graphical element 602. As depicted in FIG. 6, the
frames 600 pictorially represent at least a portion of a human
respiratory system and convey information relating to respi-
ratory rate, tidal volume, and/or volumetric components of
tidal volume. Although the graphical element 602 in the
frames 600 generally corresponds to the graphical element
400 depicted in FIG. 4, the concepts discussed herein for
animating a graphical element are applicable to other visual
representations such as those described in connection with
FIGS. 2-5 and/or other visual representations of ventilation
information. In FIG. 6, the frames 600 include frame 604,
frame 606, frame 608, frame 610, and frame 612, however
more or less frames may be utilized during animation of the
graphical element 602.

[0062] The graphical element 602 shown in frames 604-
612 includes region 614 representing airway dead space,
region 616 representing alveolar dead space, region 618 rep-
resenting effective alveolar tidal volume, perfusion region
620 representing deoxygenated blood returning to the lungs
from other parts of the subject 102, perfusion region 622
representing blood that is oxygenated through gas exchange
in the lungs as it flows through the perfused region of the
lungs that are matched to ventilated alveoli, perfusion region
624 representing blood that bypasses the ventilated portion of
the lungs and thus is not oxygenated. One or more regions of
the graphical element 602 (e.g., the regions 614-618, the
perfusion regions 620-624, and/or other regions) may be
omitted from the graphical element 602 or combined with
other ones of the regions. The regions 614-618, the perfusion
regions 620-624, and/or other visible aspects of the graphical
element 602 may be coordinated in appearance, such as for
example, by color, texture, and/or other visual distinctions.
Such appearance coordination may be consistent with one or
more other visual representations presented by the user inter-
face 106.

[0063] The frame 604 represents an early point in the
breathing cycle of the subject 102 in which gas begins to fill
the airway to the lungs. The region 614 can be seen as partially
filled. The frame 606 represents a later point in the breathing
cycle of the subject 102. The region 614 is filled further,
relative to the frame 604. The overall size of the graphical
element 602 is increased and the widths of the perfusion
regions 620 and 622 are increased, relative to the frame 604,
due to inspiration of respiratory gas and pulsation of blood.
The frame 608 represents a yet later point in the breathing
cycle of the subject 102. The region 614 is completely filled,
and the region 616 is partially filled. The overall size of the
graphical element 602 is increased, relative to the frame 606.
The frame 610 represents a still later point in the breathing
cycle of the subject 102. The region 616 is completely filled,
and the region 618 is partially filled by inspired respiratory
gas. In some embodiments, the regions 616 and 618 may fill



US 2013/0150734 Al

at the same rate. The widths of the perfusion regions 620 and
622 are decreased in accordance with the heart rate and the
overall size of the graphical element 602 is increased, relative
to the frame 608 in accordance with continued inspiration.
The frame 612 represents an even later point in the breathing
cycle of the subject 102. The region 618 is filled further to a
maximum level reached during inspiration and the overall
size of the graphical element 602 is increased, relative to the
frame 610.

[0064] Someembodiments may include an indication (e.g.,
a line or other shape) that represents the inspiratory volume of
a previous breath. In some embodiments, the region 614 may
fill first, after which other regions may fill concurrently. Infor-
mation such as relative fill volume for one or more regions,
average volume of one or more previous breaths, average
value of one or more previous breaths, and/or other informa-
tion may be represented by the graphical element 602. In
indication of whether a given breath was spontaneous or
mechanically provided may also be represented by the
graphical element 602 in some embodiments.

[0065] FIG. 7 is a flow chart illustrating an exemplary
method 700 for presenting ventilation information. The
operations of the method 700 presented below are intended to
beillustrative. In some implementations, the method 700 may
be accomplished with one or more additional operations not
described, and/or without one or more of the operations dis-
cussed. Additionally, the order in which the operations of the
method 700 are illustrated in FIG. 7 and described below is
not intended to be limiting.

[0066] In some implementations, the method 700 may be
implemented in one or more processing devices (e.g., a digital
processor, an analog processor, a digital circuit designed to
process information, an analog circuit designed to process
information, a state machine, and/or other mechanisms for
electronically processing information). The one or more pro-
cessing devices may include one or more devices executing
some or all of the operations of the method 700 in response to
instructions stored electronically on an electronic storage
medium. The one or more processing devices may include
one or more devices configured through hardware, firmware,
and/or software to be specifically designed for execution of
one or more of the operations of the method 700.

[0067] At an operation 702, output signals are received that
convey information related to one or more breathing param-
eters of a subject being mechanically ventilated. The commu-
nications module 130 may be executed to perform the opera-
tion 702 in some embodiments.

[0068] At an operation 704, based on the received output
signals, volumetric components of a tidal volume of the sub-
ject are determined. The volumetric components may include
an alveolar dead space, an effective alveolar tidal volume,
and/or other volumetric components. According to some
embodiments, the tidal parameter determination module 132
may be executed to perform the operation 704.

[0069] At an operation 706, via a user interface, a visual
representation is presented. The visual representation may
textually or graphically represent the tidal volume. The visual
representation may textually or graphically represent the
volumetric components separately from each other. The
operation 706 may be performed through execution of the
data presentation module 134 in some embodiments.

[0070] Although the invention has been described in detail
for the purpose of illustration based on what is currently
considered to be the most practical and preferred embodi-
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ments, it is to be understood that such detail is solely for that
purpose and that the invention is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover modi-
fications and equivalent arrangements that are within the
spirit and scope of the appended claims. For example, it is to
be understood that the present invention contemplates that, to
the extent possible, one or more features of any embodiment
can be combined with one or more features of any other
embodiment.

1. A method for presenting ventilation information, the
method comprising:

receiving output signals conveying information related to

one or more breathing parameters of a subject being
mechanically ventilated;

determining, based on the received output signals, volu-

metric components of a tidal volume of the subject, the
volumetric components including (i) an alveolar dead
space, and (ii) an effective alveolar tidal volume, the
alveolar dead space being the volume of inspired gas that
occupies alveoli but does not take part in oxygen
exchange in the lungs of the subject, and the effective
alveolar tidal volume being the volume of inspired gas
that takes part in oxygen exchange in the lungs of the
subject; and

presenting, via a user interface, a visual representation

least a portion of a human respiratory system (i) that
provides updated ventilation information in an ongoing
manner and (ii) that textually or graphically represents
the tidal volume and the volumetric components in a
manner which makes analysis of (ii)(a) the tidal volume
and the volumetric components and (ii)(b) a relationship
among the volumetric components intuitive for a user, to
enhance a diagnosis and/or treatment of the subject.

2. The method of claim 1, wherein the visual representation
includes a math column textually representing the tidal vol-
ume and the volumetric components, the tidal volume and the
volumetric components arranged in the math column with
arithmetic operators to convey an arithmetic relationship
between the tidal volume and the volumetric components.

3. The method of claim 1, wherein the visual representation
includes a stacked bar plot graphically representing the tidal
volume and the volumetric components, the stacked bar plot
including one or more bars, individual ones of the one or more
bars representing the tidal volume at different time intervals
and including at least two bar segments stacked from a base
line, the at least two bar segments including (i) a first bar
segment stacked farthest from the baseline, the first bar seg-
ment representing the effective alveolar tidal volume, and (ii)
a second bar segment stacked between the first bar segment
and the baseline, the second bar segment representing the
alveolar dead space.

4. The method of claim 1, wherein the visual representation
includes a graphical element pictorially representing at least
a portion of a human respiratory system, a dimension of the
graphical element as a whole corresponding to the tidal vol-
ume, the graphical element including at least two regions, the
at least two regions including a first region having a dimen-
sion corresponding to the alveolar dead space, and a second
region having a dimension corresponding to the effective
alveolar tidal volume, and the graphical element being ani-
mated such that the respective dimensions of the graphical
element and the at least two regions change during respiration
of the subject to reflect the flow of gas into and out of the at
least two regions during respiration.
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5. The method of claim 1, wherein the visual representation
includes a graphical element pictorially representing an
alveolus shape, a dimension of the graphical element corre-
sponding to the tidal volume, the graphical element including
at least two regions, the at least three regions including a first
region having a dimension corresponding to the alveolar dead
space, and a second region having a dimension corresponding
to the effective alveolar tidal volume, and the graphical ele-
ment being animated such that the respective dimensions of
the graphical element and the at least two regions change
during respiration of the subject to reflect the flow of gas into
and out of the at least two regions during respiration.

6. A system for presenting ventilation information, the
system comprising:

one or more processors configured to execute computer

program modules, the computer program modules com-

prising:

a communications module configured to receive output
signals conveying information related to one or more
breathing parameters of a subject being mechanically
ventilated;

a tidal parameter determination module configured to
determine, based on the received output signals, volu-
metric components of a tidal volume of the subject,
the volumetric components including (i) an alveolar
dead space; and (ii) an effective alveolar tidal volume,
the alveolar dead space being the volume of inspired
gas that occupies alveoli but does not take part in
oxygen exchange in the lungs of the subject, and the
effective alveolar tidal volume being the volume of
inspired gas that takes part in oxygen exchange in the
lungs of the subject; and

a data presentation module configured to facilitate pre-
senting, via a user interface, a visual representation
pictorially representing at least a portion of a human
respiratory system (i) that provides updated ventila-
tion information in an ongoing manner and (ii) that
textually or graphically represents the tidal volume
and the volumetric components in a manner which
makes analysis of (ii)(a) the tidal volume and the
volumetric components and (ii)(b) a relationship
among the volumetric components intuitive for a user,
to enhance a diagnosis and/or treatment of the subject.

7. The system of claim 6, wherein the visual representation
includes a math column textually representing the tidal vol-
ume and the volumetric components, the tidal volume and the
volumetric components arranged in the math column with
arithmetic operators to convey an arithmetic relationship
between the tidal volume and the volumetric components.

8. The system of claim 6, wherein the visual representation
includes a stacked bar plot graphically representing the tidal
volume and the volumetric components, the stacked bar plot
including one or more bars, individual ones of the one or more
bars representing the tidal volume at different time intervals
and including at least two bar segments stacked from a base
line, the at least two bar segments including (i) a first bar
segment stacked farthest from the baseline, the first bar seg-
ment representing the effective alveolar tidal volume, and (ii)
a second bar segment stacked between the first bar segment
and the baseline, the second bar segment representing the
alveolar dead space.

9. The system of claim 6, wherein the visual representation
includes a graphical element pictorially representing at least
a portion of a human respiratory system, a dimension of the
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graphical element as a whole corresponding to the tidal vol-
ume, the graphical element including at least two regions, the
at least two regions including a first region having a dimen-
sion corresponding to the alveolar dead space, and a second
region having a dimension corresponding to the effective
alveolar tidal volume, and the graphical element being ani-
mated such that the respective dimensions of the graphical
element and the at least two regions change during respiration
of the subject to reflect the flow of gas into and out of the at
least two regions during respiration.

10. The system of claim 6, wherein the visual representa-
tion includes a graphical element pictorially representing an
alveolus shape, a dimension of the graphical element corre-
sponding to the tidal volume, the graphical element including
at least two regions, the at least three regions including a first
region having a dimension corresponding to the alveolar dead
space, and a second region having a dimension corresponding
to the effective alveolar tidal volume, and the graphical ele-
ment being animated such that the respective dimensions of
the graphical element and the at least two regions change
during respiration of the subject to reflect the flow of gas into
and out of the at least two regions during respiration.

11. A system for presenting ventilation information, the
system comprising:

communications means for receiving output signals con-
veying information related to one or more breathing
parameters of a subject being mechanically ventilated;

tidal parameter determination means for determining,
based on the received output signals, volumetric com-
ponents of a tidal volume of the subject, the volumetric
components including (i) an alveolar dead space and (ii)
an effective alveolar tidal volume, the alveolar dead
space being the volume of inspired gas that occupies
alveoli but does not take part in oxygen exchange in the
lungs of the subject, and the effective alveolar tidal vol-
ume being the volume of inspired gas that takes part in
oxygen exchange in the lungs of the subject; and

data presentation means for presenting a visual represen-
tation pictorially representing at least a portion of a
human respiratory system (i) that provides updated ven-
tilation information in an ongoing manner and (ii) that
textually or graphically represents the tidal volume and
the volumetric components in a manner which makes
analysis of (ii)(a) the tidal volume and the volumetric
components and (ii)(b) a relationship among the volu-
metric components intuitive for a user, to enhance a
diagnosis and/or treatment of the subject.

12. The system of claim 11, wherein the visual represen-
tation includes a math column textually representing the tidal
volume and the volumetric components, the tidal volume and
the volumetric components arranged in the math column with
arithmetic operators to convey an arithmetic relationship
between the tidal volume and the volumetric components.

13. The system of claim 11, wherein the visual represen-
tation includes a stacked bar plot graphically representing the
tidal volume and the volumetric components, the stacked bar
plot including one or more bars, individual ones of the one or
more bars representing the tidal volume at different time
intervals and including at least two bar segments stacked from
a base line, the at least two bar segments including (i) a first
bar segment stacked farthest from the baseline, the first bar
segment representing the effective alveolar tidal volume, and



US 2013/0150734 Al Jun. 13, 2013
10

(i1) a second bar segment stacked between the first bar seg-
ment and the baseline, the second bar segment representing
the alveolar dead space.

14. The system of claim 11, wherein the visual represen-
tation includes a graphical element pictorially representing at
least a portion of a human respiratory system, a dimension of
the graphical element as a whole corresponding to the tidal
volume, the graphical element including at least two regions,
the at least two regions including a first region having a
dimension corresponding to the alveolar dead space, and a
second region having a dimension corresponding to the effec-
tive alveolar tidal volume, and the graphical element being
animated such that the respective dimensions of the graphical
element and the at least two regions change during respiration
of the subject to reflect the flow of gas into and out of the at
least two regions during respiration.

15. The system of claim 11, wherein the visual represen-
tation includes a graphical element pictorially representing an
alveolus shape, a dimension of the graphical element corre-
sponding to the tidal volume, the graphical element including
at least two regions, the at least three regions including a first
region having a dimension corresponding to the alveolar dead
space, and a second region having a dimension corresponding
to the effective alveolar tidal volume, and the graphical ele-
ment being animated such that the respective dimensions of
the graphical element and the at least two regions change
during respiration of the subject to reflect the flow of gas into
and out of the at least two regions during respiration.

#* * * #* %
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INTUITIVE PRESENTATION OF
VENTILATION EFFECTIVENESS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention relates to intuitive presentation of
ventilation effectiveness including textual and/or graphical
representation of respiratory rate, tidal volume, and/or volu-
metric components of tidal volume.

[0003] 2. Description of the Related Art

[0004] During mechanical ventilation of a subject, various
settings such as tidal volume, respiratory rate, and/or other
settings may be adjusted on a mechanical ventilator to deliver
minute ventilation sufficient to support metabolism. The
delivered minute ventilation may be reduced by the presence
of dead space, which includes airways and alveoli that are
ventilated but do not participate in gas exchange in the lungs
of the subject. Ventilation exceeding volume of dead space is
thus available for gas exchange, and may be referred to as
effective alveolar minute ventilation. The effective alveolar
minute ventilation is critical for gas exchange during tidal
ventilation. If, for example, a user of a mechanical ventilator
(e.g., a caregiver, a therapy decision-maker, etc.) sets the
delivered minute ventilation without accounting for loss of
ventilation to the dead space, the subject may be under-ven-
tilated.

SUMMARY OF THE INVENTION

[0005] One aspect of the invention relates to a method for
presenting ventilation information. The method may include
receiving output signals conveying information related to one
or more breathing parameters of a subject being mechanically
ventilated. The method may include determining, based on
the received output signals, volumetric components of a tidal
volume of the subject. The volumetric components include an
alveolar dead space and an effective alveolar tidal volume.
The alveolar dead space is the volume of inspired gas that
occupies alveoli but does not take part in oxygen exchange in
the lungs of the subject. The effective alveolar tidal volume is
the volume of inspired gas that takes part in oxygen exchange
in the lungs of the subject. The method may include present-
ing, via a user interface, a visual representation that textually
or graphically represents the tidal volume and the volumetric
components.

[0006] Another aspect of the invention relates to a system
for presenting ventilation information. The system may
include one or more processors configured to execute com-
puter program modules. The computer program modules may
include a communications module configured to receive out-
put signals conveying information related to one or more
breathing parameters of a subject being mechanically venti-
lated. The computer program modules may include a tidal
parameter determination module configured to determine,
based on the received output signals, volumetric components
of a tidal volume of the subject. The volumetric components
may include an alveolar dead space and an effective alveolar
tidal volume. The alveolar dead space is the volume of
inspired gas that occupies alveoli but does not take part in
oxygen exchange in the lungs of the subject. The effective
alveolar tidal volume is the volume of inspired gas that takes
part in oxygen exchange in the lungs of the subject. The
computer program modules may include a data presentation
module configured to facilitate presenting, via a user inter-
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face, a visual representation that textually or graphically rep-
resents the tidal volume and the volumetric components.

[0007] Yet another aspect of the invention relates to a sys-
tem for presenting ventilation information. The system may
include communications means for receiving output signals
conveying information related to one or more breathing
parameters of a subject being mechanically ventilated. The
system may include tidal parameter determination means for
determining, based on the received output signals, volumetric
components of a tidal volume of the subject. The volumetric
components may include an alveolar dead space and an effec-
tive alveolar tidal volume. The alveolar dead space is the
volume of inspired gas that occupies alveoli but does not take
part in oxygen exchange in the lungs of the subject. The
effective alveolar tidal volume is the volume of inspired gas
that takes part in oxygen exchange in the lungs of the subject.
The system may include data presentation means for present-
ing a visual representation that textually or graphically rep-
resents the tidal volume and the volumetric components.

[0008] These and other objects, features, and characteris-
tics of the present invention, as well as the methods of opera-
tion and functions of the related elements of structure and the
combination of parts and economies of manufacture, will
become more apparent upon consideration of the following
description and the appended claims with reference to the
accompanying drawings, all of which form a part of this
specification, wherein like reference numerals designate cor-
responding parts in the various figures. In one embodiment of
the invention, the structural components illustrated herein are
drawn to scale. It is to be expressly understood, however, that
the drawings are for the purpose of illustration and descrip-
tion only and are not a limitation of the invention. In addition,
it should be appreciated that structural features shown or
described in any one embodiment herein can be used in other
embodiments as well. It is to be expressly understood, how-
ever, that the drawings are for the purpose of illustration and
description only and are not intended as a definition of the
limits of the invention. As used in the specification and in the
claims, the singular form of “a”, “an”, and “the” include
plural referents unless the context clearly dictates otherwise.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1illustrates an exemplary system configured to
monitor respiratory rate, tidal volume, and/or volumetric
components of tidal volume.

[0010] FIG. 2 illustrates an exemplary math column textu-
ally representing tidal volume and volumetric components
thereof.

[0011] FIG. 3 illustrates an exemplary stacked bar plot
graphically representing tidal volume and volumetric com-
ponents the