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REAL-TIME AIRWAY CHECK STATUS
INDICATOR

[0001] This invention relates to medical carbon dioxide
(CO2) monitoring systems and, in particular, to a CO2 moni-
toring system that provides a real time indication of the suc-
cess or failure of intubation of a patient.

[0002] CO2 monitoring systems are usually found in hos-
pital surgical suites and intensive care units to monitor a
patient’s respiration. Generally these systems are sophisti-
cated and sizeable ventilation systems which monitor the
oxygen intake and respiratory CO2 of a patient. However,
there are other scenarios where CO2 monitoring is desirable.
One is during intubation where air is being supplied to a
patient by a hand-operated respiration device. Another is
during the application of CPR to a patient stricken by cardiac
arrest. A portable unit is desirable in such situations, such as
the MRx defibrillator monitor produced by Philips Health-
care (Andover, Mass. ), which may be used in a hospital but is
portable and can be taken to the site of an accident or location
of a stricken patient.

[0003] When a patientis intubated, the patient has often just
suffered cardiac arrest or other serious affliction and may be
breathing only shallow breaths or have gone a considerable
period of time without breathing at all, either naturally or with
assistance. With intubation of a respiration device assisted
respiration can be provided immediately. It is important that
the airway device be properly placed in the trachea and not
improperly placed in the esophagus. Misplacement of airway
devices inserted by emergency medical services personnel
during out-of-hospital cardiac arrest can be a life-threatening
problem. Although the manual use of colorimetric end-tidal
carbon dioxide (etCO2) detectors or real time capnography
has reduced the incidence of misplaced airways, the valida-
tion process of successful intubation remains cumbersome
and time-consuming.

[0004] In scenarios where CO2 monitoring devices are
being used, it is desirable to automatically provide an airway
placement check that can be initiated immediately after air-
way placement and following any patient transfer. This can be
accomplished by using a CO2 analysis program integrated
into the CO2 monitoring device. The above-mentioned MRx
defibrillator monitor contains such a CO2 analysis program
which can be used in a hospital or at the site of an accident or
location ofa patient stricken by cardiac arrest. The emergency
medical person attending the patient can activate the CO2
analysis program by pushing a button at anytime. After acti-
vation, the analysis program analyses the CO2 waveform for
anumber of seconds before making a decision on the success
of the airway placement. This delay is necessary because the
CO2 analysis program will need to see several valid breaths
before it decides if the airway placement has been successful.
Alternatively, the system will wait for a period of time with-
out seeing valid breaths to determine that the airway place-
ment has not been successful. This delay, which can be twenty
seconds long, may seem even longer in a stressful emergency
situations such as managing a patient who is not breathing and
has been stricken by cardiac arrest out in the field.

[0005] Accordingly it is desirable to be able to quickly
provide real time feedback to the user as soon as the airway
check program is activated and during its progress until a final
decision on the success of airway placement is made. This
real-time feedback should indicate the status of the airway
check in progress and should be distinctly and unambigu-
ously visible to the rescuer.
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[0006] In accordance with the principles of the present
invention, an automated CO2 monitoring system is described
which provides real-time visual feedback as the status of
placement of an airway device is analyzed. The visual feed-
back comprises one or indicators of progress or status toward
a placement status decision, including a graphical display of
the breaths of the patient, a continuously updated progress
indicator toward a determination of the success or failure of
an intubation, time-delineated visual indicators of the deter-
mination of a true breath, and a colored or illuminated indi-
cator of the instantaneous and final determination of the suc-
cess or failure of airway device placement. This visual
feedback is preferably displayed in vividly distinct colors on
a color monitor such as that of the MRx monitor defibrillator.
[0007] In the drawings:

[0008] FIG. 1 illustrates in block diagram form a CO2
monitoring system of the present invention being used with a
patient undergoing intubation.

[0009] FIG. 2illustrates standardized parameters of a CO2
waveform.

[0010] FIG. 3illustrates a typical CO2 waveform sequence.
[0011] FIG. 4 illustrates a real-time airway status indicator

display of the present invention when initialized.

[0012] FIG. 5illustrates the display of FIG. 4 seven seconds
after successful airway placement.

[0013] FIG. 6 illustrates the display of FIG. 5 after a first
true breath has been validated.

[0014] FIG. 7 illustrates the display of FIG. 6 after twenty
seconds of breath analysis.

[0015] FIG. 8 illustrates the display of FIG. 7 after deter-
mination of successful airway placement.

[0016] FIG. 9illustrates a real-time airway status indicator
display of the present invention after twenty seconds of analy-
sis of a failed airway placement.

[0017] FIG. 10 illustrates the display of FIG. 9 after deter-
mination of a failed airway placement.

[0018] FIG. 11 illustrates a real-time airway status indica-
tor display of the present invention after eleven seconds of
analysis with only one breath validated.

[0019] FIG. 12 illustrates the display of FIG. 11 after deter-
mination of a failed airway placement.

[0020] Referring first to FIG. 1, a CO2 monitoring system
20 of the present invention is shown in block diagram form
which is being used to monitora patient 10 who is undergoing
intubation. In a constructed embodiment the monitoring sys-
tem 20 is integrated into the MRx monitor defibrillator. The
respiratory gases of the patient are conducted to a CO2 sensor
12 of the monitor, which senses the CO2 content of the
patient’s expiration gases. The CO2 measurement signals
from the sensor 12 are digitized into digital samples which are
recorded as shown at 24 of the processing section 22 of the
monitor 20. The CO2 signal samples are analyzed for noise
content at 26 and may also undergo noise reduction. One
technique for analyzing the noise content is to analyze the
high frequency content of the signal samples. A clean CO2
signal will exhibit relatively littlehigh frequency content. The
noise level of the signals may be reduced by processing them
with a digital low pass filter at 26 of the monitoring section 22.
Acceptable CO2 signals then undergo waveform detection at
30. One technique for detecting the CO2 waveform is to take
the difference of successive samples, which effectively
detects the slope of the waveform. A normal CO2 waveform
will exhibit a steeply rising slope as the patient begins to
exhale, a relatively flat top during exhalation, and a steeply
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falling slope as exhalation ends and the patient draws another
breath, as discussed more fully below. Certain characteristics
of the detected waveform are then measured at 32. These
characteristics may include the baseline of the waveform, the
height or amplitude of the waveform, the frequency of the
waveform, the rhythm of the waveform, the corners of the
waveform, the slopes of the waveform, and characteristics of
the shape of the waveform. The measured characteristics are
then classified at 34 10 assess whether the waveform exhibits
the characteristics of normal respiration for the treatment
being applied, intubation, or are characteristic of a particular
difficulty which may be encountered during a particular treat-
ment regimen. The respiration data is coupled to a processor
40 fortrue breath and airway placement analysis. If a problem
or difficulty is detected, an alarm 44 may be sounded or
displayed to the clinician, or a clinical advisory statement 42
issued to advise the clinician that a particular problem or
difficulty should be investigated. In the constructed embodi-
ment the clinical advisory statement comprises the real-time
airway status indicator described below, which is displayed
on the color display of the monitor.

[0021] When the CO2 monitoring system is coupled to the
patient, it should be set to identify the treatment being applied
to the patient, such as intubation, CPR, or ventilation. This
may be done by a manual switch or input to the monitoring
system which set by the clinician. The setting may also be
done automatically by the particular treatment device being
used. For instance, when the air conduit of an intubation
device is connected to the monitor 20, the monitor may sense
the connection of the air conduit and thereby is informed that
intubation is being monitored. The identification of the treat-
ment regimen will condition the monitor 20 to be particularly
sensitive to respiratory conditions which may be expected
during the treatment regimen being applied.

[0022] FIG. 2 illustrates the standard parameters of a nor-
mal CO2 waveform. When the patient exhales and the expi-
ration phase begins, the waveform will rise from a baseline I
with a steep slope II until a sustained level II1 of CO2 content
of the exhaled air is attained. The waveform will exhibit a
corner alpha (o) when the sustained level is reached. When
the patient finishes exhaling the waveform will drop from a
corner beta (f}) at the start of the inspiration phase 0. The
waveform will then repeat in this manner at the frequency and
periodicity of the patient’s respiration. An actual respiration
waveform trace is shown in FIG. 3 along a horizontal time
scale. The waveform is seen to have alpha points c 1 and . 2
atinflection points during the initial rise of the waveform, and
sharply defined beta points 1 and 2 at the onset of inspira-
tion and the fall of the waveform. Other characteristics such
as the maximum amplitude, average height, waveform dura-
tion, and waveform frequency are also apparent in this illus-
tration.

[0023] In accordance with the principles of the present
invention, an automated program in the processor 40 analyzes
the CO2 respiration waveform to check the status of the
airway placement. The waveform comprises a flow of digi-
tized CO2 samples fed into the program from the CO2 sensor
12. The program analyzes all samples within a time interval to
make a decision on the success of the airway placement. To
make such decision, the program may need to find valid (true)
breaths in the CO2 waveform and check them against classi-
fication criteria to decide if the airway placement was suc-
cessful. A constructed embodiment of the invention can
access and use these interim steps in the analysis, internal to
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the automated program, to provide visual real-time feedback
on which direction (toward airway success or failure) the
analysis is progressing. For example, if the program is not
finding a breath although CO2 samples are coming in, the
final airway check decision is more likely to be failed than to
be successful.

[0024] The following drawings illustrate the design and
operation of an example of a real-time airway status display
of the present invention. The constructed embodiment is dis-
played on a color display with colors that vividly indicate the
progress of the airway placement analysis. Green is an indi-
cation that airway placement was successful or that the analy-
sis is trending toward a determination of successful place-
ment. Red is an indication that airway placement has failed.
All other colors are indeterminate and may be tinted or shaded
to indicate trending as illustrated below.

[0025] The constructed embodiment operates in accor-
dance with the following protocol. The display shows a
twenty second period of airway analysis, which is based on
the assumption that complete determination of airway place-
ment may take up to twenty seconds. Initially the color indi-
cators are yellow, indicating an indeterminate state, and
remain yellow for 5 seconds. Absent favorable information,
the color trending is toward red. The color indicators are
updated with the reception or analysis of each new CO2
sample. If no true breath is found in the first ten seconds of
analysis, the color changes to red. A color indicator changes
to or trends toward green if a true breath is validated, that is,
meets pre-determined criteria for a true breath. If an indicator
turns green it will remain green for a pre-determined period of
time, 2 seconds in the following examples, and will remain
green for ever-increasing periods of time if successive true
breaths are validated. Four types of visual indicators are
shown in the following display examples: a continuously
updated graphical display of the breaths of the patient, a
continuously updated dynamic progress bar on the analyzed
success or failure of an intubation, time-delineated indicator
bars of the validation of a true breath, and a colored indicator
of the instantaneous and final determination of the success or
failure of an intubation. An implementation of the present
invention should contain one or more such visual indicators.
[0026] FIG. 4 illustrates an exemplary airway status indi-
cator display with three areas of display information. Graphi-
cal CO2 waveforms will be shown in area 50. A dynamic
progress bar 60 will be shown in area 52. An airway status box
54 is colored to indicate the instantaneous or final determi-
nation of the airway analysis. FIG. 4 shows the display upon
initialization. No information is displayed and the airway
status box 54 is filled with a neutral yellow color.

[0027] FIG. 5 illustrates the display of FIG. 4 after CO2
samples have been received for 7.2 seconds, as indicated by
the timer at the top of the graphical display 50. The status
color of both the progress bar 60 and the airway status box 54
start in the yellow color. During the first 5 seconds of respi-
ration data the progress bar remains yellow as indicated at 62.
Although two breaths 70 and 71 are seen in the waveform box
50, neither has yet been validated as a true breath by the
automated program. Hence, the status box 54 remains yellow
and the tint of the progress bar begins to turn orange as it
trends toward red in the absence of a valid breath as indicated
at 64. The waveform data shown is from an intubated patient
who has been resuscitated from cardiac arrest and the CO2
content of the exhalation breaths are in the range 0f12-25 mm
Hg, indicating very low perfusion and CO2 expression in the
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body. CO2 monitors such as that of the MRx monitor defibril-
lator are capable of displaying CO2 output in either % con-
centration in the exhaled air orin mm Hg, where 5%-6% CO2
concentrations equate to 35-40 mm Hg.

[0028] At a time of 8.7 seconds the first breath 70 is vali-
dated as a true breath by the automated program as shown in
FIG. 6. A breath is validated as a true breath based on known
measureable characteristics of the CO2 waveform. For
example, the height of the CO2 waveform 70 may be consid-
ered. Waveforms above a predetermined amplitude such as 3
mm Hg may be considered valid. Another waveform charac-
teristic which may be considered is the duration of the wave-
form. A valid breath should exhibit a duration of at least 200
msec, for instance, and not greater than several seconds to be
considered valid. Other characteristics of the pulse shape may
also be taken into consideration such as the rise, fall, and
slope of the waveform. Further details of the processing of a
CO2 waveform analysis program may be found in concur-
rently filed patent application Ser. No. , entitled
“CAPNOGRAPHY SYSTEMAND METHOD FOR AUTO-
MATIC DIAGNOSIS OF PATIENT CONDITION,” of
which the present inventors are co-inventors. This application
is incorporated herein by reference.

[0029] Inthe example of FIG. 6 a green bar 80 is placed on
the CO2 waveform display at an 8.7 time marker on the
display to indicate that a true breath has been validated. The
waveform 70 which has been validated in this example is also
marked with a green dot 80'. Since a true breath has been
identified the progress bar 60, which has been trending toward
red, now will begin to be colored green starting from the 8.7
time marker, and will remain green for at least two seconds.
The status box 54 is also now shown in green.

[0030] FIG. 7 shows the display after 20 seconds of analy-
sis. In this example the first four breaths 70-73 have been
validated as true breaths as indicated by the green dots 80'.
The times of validation of the first three of these breaths are
marked by the color bars 80, 82 and 84 at the times indicated
by the time scale. In this example the progress bar 60
remained green for two seconds after the first breath valida-
tion, from 8.7 to 10.7 seconds as indicated by 66. Since
another true breath had not been found by the 10.7 second
mark, the progress bar turned yellow again at that time and
remained yellow as indicated at 67 until a second true breath
was validated at time 13.8 seconds, at which time the progress
bar turned green again. After validation of a second true
breath the progress bar remains green for at least 4 seconds in
this example as indicated at 68. At time 17.8 seconds the
progress bar turned yellow again but only for a short interval
indicated at 69 because a third true breath was validated at
time 18.2 seconds, causing the progress bar to turn green
again. Atthe end of the 20 second analysis period the progress
bar 60 and the status box 54 are both green in this example.
[0031] At the end of the twenty second period the auto-
mated program has found enough true breaths and done
enough analysis to determine that the placement ofthe airway
device is correct, and causes an Airway OK advisory to be
displayed. In this example the Airway OK advisory is dis-
played over both the progress bar 60 and the green airway
status box 54. The physician or medical technician now
knows that the intubation has been successfully located in the
trachea and not in the esophagus or elsewhere in the throat.
[0032] FIG.9 is an example of an airway status display of
the present invention in which the airway device is improp-
erly located in the esophagus. The CO2 waveform display 90
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is seen to show no discernable breath waveforms. The
progress bar 60 started with a yellow colorand after 5 seconds
the tint began to change toward red. The progress bar pro-
gressively turned orange in the middle of the time interval and
progressed to a distinct red color by the end of the twenty
second analysis period. At the illustrated twenty second time
mark, the airway status box 54 is also a distinct red color. At
this time the automated program has made a determination
that the airway placement is incorrect and displays a Check
Airway warning. In this example the Check Airway warning
is displayed over both the progress bar 60 and the red airway
status box 54 as shown in FIG. 10.

[0033] FIG. 11 illustrates another example of an airway
status display of the present invention in which a valid breath,
indicated by the green dot 80", was identified at time 11.3
seconds as indicated by green bar 80. This causes the next two
seconds, after time 11.3 seconds, of the progress bar 60 to be
displayed in a green color. Prior to time 11.3 seconds the
progress bar was yellow and trending toward red. With the
identification of a valid breath, the progress bar 60 then
changes to green for the next two second, as does the airway
status box 54. The two second green interval 66 of the
progress bar 60 is indicated in FIG. 12. But since no other true
breath is identified the progress bar thereafter changes to
yellow as indicated at 67 and trends toward red by the end of
the twenty second interval as indicated at 68, as does the
airway status box 54. The final decision on airway placement
by the automated program is failed intubation because no
second valid breath was found, and the Check Airway warn-
ing is displayed to the user as shown in FIG. 12. The CO2
waveform of this example is that of a patient who has expe-
rienced an esophageal intubation and not a successful tra-
cheal intubation.

[0034] The above examples show different ways to display
the real time progress of airway check and successful or failed
placement to a user. In a constructed embodiment different
ones of the display formats may be employed, individually or
in combination as decided by the system designer. On the
MRx defibrillator monitor, for instance, only the CO2 wave-
forms are shown in the graphical display, without the valida-
tion bars 80 or dots 80', as the colors of the progress bar 60
convey essentially the same information. Other implementa-
tions may choose to display either the dynamically updated
progress bar 60 or the color-variable airway status indicator
54, at the option of the designer.

1. A respiration monitoring system which assesses the
success or failure of airway device placement comprising:
asensor which senses respiration through an airway device
and produces respiration signals;

a processor adapted to analyze the respiration signals and
identify a valid breath; and

a display responsive to the processor which provides real
time visual feedback of the success or failure of airway
device placement which comprises:

a continuously updated dynamic indicator of the progress
of analysis of airway device placement, responsive to
and updated by each identification of a valid breath by
the processor, which presents a real time color-coded
indication of the process toward successful airway
device placement.

2. The respiration monitoring system of claim 1, wherein

the display further comprises a continuously updated graphi-
cal display of respiration breaths.
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3. The respiration monitoring system of claim 2, wherein
the graphical display further comprises a CO2 breath wave-
form with time-delineated indicators of the validation of a
true breath, and wherein the time-delineated indicators of the
validation of a true breath are displayed on the graphical
display.

4. The respiration monitoring system of claim 3, wherein a
graphical waveform which has been identified as a valid
breath is visually distinguished on the display.

5. The respiration monitoring system of claim 1, wherein
the continuously updated dynamic indicator further com-
prises a progress bar.

6. The respiration monitoring system of claim 5, wherein
the progress bar is incremented in correspondence with the
production or processing of respiration signals.

7. The respiration monitoring system of claim 6, wherein
the progress bar is colored in correspondence with the iden-
tification of valid breaths.

8. The respiration monitoring system of claim 7, wherein
the progress bar is colored green in correspondence with the
identification of a valid breath, and is colored with a yellow-
red tint in correspondence with the absence of the identifica-
tion of a valid breath.

9. The respiration monitoring system of claim 8, wherein,
in the absence of the identification of a valid breath, the
progress bar progressively changes from vellow to red over
time.

10. The respiration monitoring system of claim 1, wherein
the display further comprises a variably colored indicator of
the instantaneous and final determination of the success or
failure of airway device placement,
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wherein the variably colored indicator is colored green in
correspondence with the identification of a valid breath,
red in correspondence with the determination of failed
airway device placement, and yellow in indeterminate
periods.

11. The respiration monitoring system of claim 1, wherein
the processor is further adapted to cause the display to display
a message of successful or failed airway device placement.

12. The respiration monitoring system of claim 11,
wherein the processor is further adapted to analyze the respi-
ration signals to make a final determination of successful or
failed airway device placement,

wherein the message is displayed upon the making of a

final determination.

13. The respiration monitoring system of claim 10,
wherein the variably colored indicator is colored green upon
a final determination of successful airway device placement,
and red upon a final determination of failed airway device
placement.

14. The respiration monitoring system of claim 1, wherein
the continuously updated dynamic indicator further com-
prises a progress bar which becomes a green color following
the time of identification of a first valid breath, and remains a
green color for progressively longer intervals upon the iden-
tification of a second and subsequent valid breath.

15. The respiration monitoring system of claim 1, wherein
the graphical display further comprises a CO2 breath wave-
form, and

wherein a breath waveform segment is identified as a valid

breath based upon the amplitude, duration, and shape of
the waveform segment.
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