
WAVEFORM CAPNOGRAPHY
FOR OHIO EMS

A Vital Adjunct for Improved 
Patient Safety and Outcomes

Presenter
Presentation Notes
Welcome to the “Waveform Capnography for Ohio EMS” course!  This course was developed by the Ohio Department of Public Safety, Division of EMS and approved by the State of Ohio Emergency Medical, Fire, and Transportation Services Board as a resource to Ohio’s EMS providers, medical directors, Ohio EMS Instructors, and EMS educational institutions.



Patient Assessment Concerns

 Adequate oxygenation

 Adequate ventilation

 Adequate perfusion

Presenter
Presentation Notes
Airway, breathing, and circulation have always been top priorities for EMS providers during the delivery of care to patients.  Ensuring adequate oxygenation, ventilation, and perfusion is critical to the outcome of every patient.



Oxygenation

 Adequate oxygenation is vital for end organ 
and tissue function and metabolism

 Assessment of the oxygenation of a patient 
with respiratory symptoms or distress should 
ideally be continuous, rather than 
intermittent, during patient treatment and 
transport
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Presentation Notes
Oxygen, which is carried by hemoglobin in the blood stream, is vital for end organ and tissue function.  The most critical end organs that should never be deprived of oxygen for extended periods of time include the brain, heart, lungs, kidneys, and liver.  The brain can sustain permanent and irreversible damage if deprived of oxygen for five to six minutes.  A patient’s ability to sustain normal oxygenation can change quickly.   Particularly for patients with respiratory symptoms or distress, the level of oxygenation should ideally be assessed continuously, rather than intermittently, during patient treatment and transport.



Ventilation

 Encompasses the inhalation and exhalation 
cycles of respiration

 Adequacy of ventilation is determined by 
how effective the lungs transfer oxygen (O2) 
to and remove carbon dioxide (CO2) from the 
body

 Inadequate ventilation can be the first sign of 
impending respiratory failure or respiratory 
arrest
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Presentation Notes
Ventilation is the exchange of inhaled and exhaled gases during the inhalation and exhalation phases of respirations.  Inhaled oxygen enters the lungs, is delivered to the hemoglobin in the blood, and is delivered and released to organs and tissues in the body.   Exhaled gases contain carbon dioxide that is delivered to the lungs by the venous system in the body.   The foundation of normal ventilation is based upon normal oxygen and carbon dioxide exchange.  An imbalance or abnormality in the exchange of either one or both of these gasses can result in impaired ventilation.  Hypocarbia is a low concentration of carbon dioxide in the blood stream, and hypercarbia is a high concentration of carbon dioxide.  Hypoxia, hypocarbia, or hypercarbia are signs of inadequate ventilation.   Inadequate ventilation can be the first sign of impending respiratory failure or respiratory arrest.



Perfusion

 The adequacy of oxygen delivery via the 
blood to proximal and distal tissues in the 
body

 Commonly assessed by:
 Blood pressure
 Strength of the pulse
 Location of the pulse
 Capillary refill
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Presentation Notes
Perfusion is the delivery of oxygen via the blood to tissues in the body.  Decreased blood delivery or delivery of blood that contains insufficient oxygen results in poor perfusion.  EMS providers assess a patient’s perfusion by measurement of the blood pressure, assessing the strength and the location the pulse, or checking the capillary refill.  



Perfusion

 Clinical assessment can be affected by:
 Intravascular volume
Ambient temperature
Patient’s core temperature
Cardiopulmonary disease or dysfunction
Sepsis
Neurologic disease or injury
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Presentation Notes
Multiple factors can affect a patient’s perfusion.   These factors include the status of the patient’s intravascular volume, the patient’s core temperature, and the ambient temperature of the environment.  Perfusion can also be adversely affected by cardiopulmonary disease or dysfunction, sepsis, as well as neurologic disease or injury.



Pulse Oximetry
Benefits Limitations

 Colorimetric digital 
measurement of the 
percentage of oxygenated 
hemoglobin

 Can provide continuous 
measurements

 Non-invasive

 Now considered “the fifth 
vital sign”

 Readings may be within 
the normal range in the 
presence of abnormal CO2
exchange

 Can be inaccurate or 
unobtainable in the 
presence of poor perfusion

 May not rapidly detect 
displaced or improperly 
placed invasive airway 
devices
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Presentation Notes
Pulse oximetry has been a standard patient assessment tool for EMS for many years.  Prior to pulse oximeters, EMS providers had to rely upon the patient’s respiratory rate and effort, auscultated lung sounds, mental status, and skin tone and tactile temperature to determine the presence of hypoxia or impending respiratory failure.  Pulse oximeters were one of the first devices that provided a numeric level of oxygen saturation non-invasively and, if desired, continuously.  As a result, a patient’s pulse oximetry reading is now considered “the fifth vital sign”.  The sensor in a pulse oximeter performs a colorimetric analysis of the blood flow in a finger, toe, or earlobe and provides a numeric percentage of the amount of hemoglobin that is saturated with oxygen.  Unfortunately, a pulse oximeter reading may be inaccurate or unobtainable in a patient who has poor perfusion or has capillary vasoconstriction from other causes such as cold ambient temperatures.  Pulse oximetry only measures the concentration of circulating oxygen and does not assess carbon dioxide levels.  In fact, a patient’s pulse oximeter reading may be in the normal range, particularly when supplemental oxygen is being administered, when the patient has abnormally high or low levels of carbon dioxide.  As such, the recognition of a misplaced or displaced invasive airway device may be delayed when pulse oximetry alone is used as an airway assessment tool.



Pulse Oximetry

 Measures the saturation of hemoglobin 
 Does not measure CO2 levels and, therefore; 

may be inadequate to accurately assess 
adequacy of ventilation

 Remains a valuable solitary airway 
assessment tool for stable patients that 
require no or minimal non-invasive airway 
support and/or medical treatment
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Presentation Notes
Since pulse oximetry does not measure the level of carbon dioxide, it may be inadequate to assess or identify changes in the ventilatory status of patients in respiratory distress or in patients who may need more aggressive airway support or intervention.  However, the measurement of oxygen saturation of hemoglobin is important information.    Regardless of its limitations, pulse oximetry alone remains a valuable means to assess stable patient that require no or minimal airway support such as blow-by oxygen in a pediatric patient or low flow oxygen by nasal cannula.



End Tidal Carbon Dioxide (ETCO2)

 The partial pressure or maximum 
concentration of carbon dioxide at the end of 
an exhaled breath

 Can be used as an adjunct to assess adequacy 
of ventilation and/or perfusion

 Methods of measurement
 Colorimetric ETCO2 detection
 Digital capnometry
 Waveform capnography
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Presentation Notes
While pulse oximetry measures oxygenation, the concentration of carbon dioxide provides valuable information about the adequacy of ventilation and perfusion.  End tidal carbon dioxide is the concentration or partial pressure of carbon dioxide in a breath at the end of exhalation.  Currently, there are three methods to assess end tidal carbon dioxide that are available to EMS providers.  They are colorimetric detection, digital capnometry, and waveform capnography.



Colorimetric ETCO2 Detectors
Benefits Limitations

 When placed on the end of 
an invasive airway device, 
the change in color to 
indicate CO2 exchange 
occurs promptly

 The color changes occur 
cyclically with each 
ventilator cycle

 Inexpensive device

 Qualitative (not quantitative)
 Colorimetric change of pH-

sensitive paper is limited by 
moisture, duration of use, 
length of time outside of 
packaging

 Can be inaccurate in the post-
cardiac arrest period and other 
states of poor perfusion

 Use is limited to patients that 
have an invasive airway device 
in place

Presenter
Presentation Notes
Colorimetric end tidal carbon dioxide detectors are devices that are placed in line between an invasive airway device and a bag valve mask.  There is a pH-sensitive paper inside the device that changes color (typically from yellow to purple) when it is exposed to gases containing a significant amount of carbon dioxide.  The measurement is qualitative.  That is, carbon dioxide is either present in significant amounts if the color changes or it is not if the color remains unchanged. The color changes occur cyclically with each ventilator cycle.  Although colorimetric end tidal CO2 detectors are inexpensive, moisture inactivates the pH-sensitive paper making their use potentially limited for prolonged use or patient reassessment during longer transports.  In addition, the paper can lose its ability to change color if the packaging of the device has been unsealed for a prolonged length of time.  As these devices are not capable in providing a numeric or quantitative measurement of CO2, they can be inaccurate during the assessment of patients in the post-cardiac arrest period or in patients with poor perfusion.



Digital Capnometers
Benefits Limitations

 Quantitative colorimetric 
measurement of 
circulating CO2 levels

 Application of the device is 
similar to what is done with 
a pulse oximeter

 Inexpensive device

 Many digital capnometry
devices are also capable of 
performing pulse oximetry 
and measuring carbon 
monoxide (CO) levels

 Provides a digital numeric 
value 

 Does not provide a graphic 
pattern of CO2 exchange to: 
 Generate a continuous 

record of the patient’s 
ventilatory status to the 
receiving facility or to rapidly 
identify patient 
deterioration

 Assist the EMS provider in 
the determination of the 
cause of inadequate 
ventilation or perfusion
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Digital capnometers use technology similar to pulse oximeters where a sensor placed on a finger, toe, or earlobe analyzes the capillary blood flow.  The capnometer provides a numeric measurement of the amount of carbon dioxide in the blood.   Similar to a pulse oximeter, a digital capnometer can continuously measure a patient’s CO2 over time, but it does not provide a graphic image or recording of the patient’s pattern and quality of ventilation or perfusion.  An EMS provider will be able to detect that a patient’s level of CO2 is increasing or decreasing, but the numeric reading will not assist the EMS provider in determining why this is happening.  Like a pulse oximeter, the information provided by a digital capnometer is valuable, but it is not capable of providing sufficient information to maximize the monitoring of critically ill patients that require invasive airway intervention.



Waveform Capnographs

Benefits Limitations

 Provides continuous
quantitative measurement of 
CO2 levels during entire 
respiratory cycle (exhalation 
and inhalation)

 Capable of providing a 
dynamic graphic record of a 
patient’s ventilatory status

 No absolute 
contraindications for 
utilization

 More expensive than 
colorimetric end tidal CO2
detectors and digital 
capnometers
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Waveform capnography provides continuous numeric measurement of CO2 levels during both the inhalation and exhalation phases of respiration.  Waveform capnography also has the benefit of providing a graphic image of the level and pattern of carbon dioxide exchange.  As you will see, the capnograph, which is the pattern and morphology seen on these images, facilitate the ability of the EMS provider to better identify the cause of abnormal ventilation.  Although these devices are more expensive than colorimetric end tidal CO2 detectors and digital capnometers, there are no absolute contraindications to waveform capnography.



Assessment of Invasive 
Airway Device Placement

 Direct visualization of the trachea following 
endotracheal tube placement

 Auscultation of the chest
 Pulse oximetry
 End tidal CO2 detection
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Presentation Notes
How do we assess our patients for the correct placement of an invasive airway device?  If the skill is within the Ohio EMS scope of practice for your level of certification, the vocal cords and trachea may be directly visualized before, during, and after the placement of an endotracheal tube.  Whether an endotracheal tube or a supraglottic airway device is used to secure or establish the patient’s airway, auscultation of the chest can be performed after the device is placed.  Auscultation is helpful, but not definitive as it may not always detect a misplaced or displaced airway device.  Pulse oximetry is a useful adjunct to measure the oxygen saturation.  However, additional information about the patient’s ventilation and perfusion can be obtained with the use of end tidal CO2 detection.



Why is End Tidal CO2 Important?

 Inadequate airway management leading to 
hypoxia remains in the top five grounds for 
successful malpractice litigation against EMS 
providers and EMS agencies

 Pulse oximetry alone can fail to recognize 
hypoventilation or hyperventilation 
(particularly in non-intubated patients)
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Presentation Notes
Why is the assessment of end tidal CO2 so important for EMS?  Despite all of the advancements in airway management tools with the addition of supraglottic airway devices and pulse oximetry, poor patient outcomes persist.   Inadequate airway management leading to hypoxia remains in the top five grounds for successful malpractice litigation against EMS provider and EMS agencies.  Pulse oximetry alone does not readily recognize the deterioration of a patient’s ventilation particularly in those who are not intubated.  In patients who require invasive airway devices, pulse oximetry alone does not readily recognize misplaced or displaced endotracheal tubes, abnormal ventilation, poor perfusion, or return of spontaneous circulation in a resuscitated patient.



Why is Waveform Capnography
Important?

 More rapid recognition of misplaced or 
displaced invasive airway devices

 In cardiac arrest, continuous quantitative 
waveform capnography has the additional 
capabilities of:

Monitoring the effectiveness of 
cardiopulmonary resuscitation (CPR)
Early detection of return of spontaneous 

circulation (ROSC)
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Despite the benefits of colorimetric end tidal CO2 detection and digital capnometry, waveform capnography is the patient assessment tool that most rapidly identifies the status, changes, and deterioration in a patient’s ventilator and perfusion status.   Multiple research studies have demonstrated that waveform capnography is the airway assessment tool that best facilitates the rapid recognition of misplaced or displaced invasive airway devices.  For patients in cardiac arrest, the capnograph, which is a continuous image of the numeric level of CO2 in the blood, is the only avenue of end tidal CO2 detection that can monitor the quality of CPR being delivered or can quickly detect the return of spontaneous circulation or ROSC.



Ohio EMS - Requirements

 On December 17, 2014, the State of Ohio 
Emergency Medical, Fire, and Transportation 
Services Board approved the mandatory 
utilization of waveform capnography for all 
patients requiring invasive airway devices 
effective January 1, 2021 
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Presentation Notes
On December 17, 2014, the State of Ohio Emergency Medical, Fire, and Transportation Services Board approved the mandatory utilization of waveform capnography for all patients requiring invasive airway devices effective January 1, 2021 as continuous quantitative patient monitoring of end tidal CO2 is preferred.




Ohio EMS - Recommendations

 Effectively immediately, the State of Ohio 
Emergency Medical, Fire, and Transportation 
Services (EMFTS) Board highly recommends 
the utilization of digital capnometry or 
waveform capnography as an assessment 
tool for all patients who require oxygen via 
any route of administration 
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Presentation Notes
In the interest of patient safety, the State of Ohio Emergency Medical, Fire, and Transportation Services (EMFTS) Board highly recommends the utilization of digital capnometry or waveform capnography as an assessment tool for all patients who require oxygen via any route of administration 




Waveform Capnography

 Stabilization of the patient should always 
take priority before the application and 
initiation capnography monitoring 

 There are no absolute contraindications to 
using capnography

 Capnography can be used in pediatric and 
adult patients

Presenter
Presentation Notes
The stabilization of a patient or the initiation of resuscitation should never be delayed.  These actions should always take first priority before capnography monitoring is applied and initiated.  There are no absolute contraindications to the use of capnography, and it can and should be used in both the pediatric and adult patient populations.



Capnography Equipment

Presenter
Presentation Notes
Waveform capnography can be performed on patients requiring airway support with non-invasive devices, such as nasal cannulas and face masks, as well as invasive airway management devices, including endotracheal tubes and supraglottic airway devices.  There are multiple digital capnometry and waveform capnography devices on the market for hospital and out-of-hospital healthcare providers.  Lightweight, portable capnometers and capnographers are popular with the EMS community; however, newer cardiac monitors are frequently manufactured with pre-installed waveform capnography modules.  It is imperative that the EMS provider follows the manufacturer’s recommendations or those of the EMS medical director.   Equally imperative, the EMS provider should receive adequate instruction in the use of a capnometer or capnographer from their EMS medical director (or designee) prior to use of the device during patient care.



Waveform Capnography

 The data from a waveform capnograph that 
can be analyzed includes:

Respiratory rate
End tidal CO2 during the entire 

respiratory cycle (exhalation and 
inhalation)
Morphology of the capnograph tracing 

produced by continuous monitoring

Presenter
Presentation Notes
The waveform capnopgraph, the actual digital or printed image generated by the device, provides several elements of information.  First, the respiratory rate can be seen on the horizontal axis of the graph.  The vertical axis of the graph is the level of the end tidal CO2 during the entire respiratory cycle which is comprised of inhalation and expiration.  The exchange of oxygen and carbon dioxide during the respiratory cycle is dynamic and constantly changing.   The morphology, which is the shape, of the capnograph tracing obtained during continuous patient monitoring will display many of the changes that are occurring during respiration.



Waveform Capnography
End Tidal CO2 (ETCO2)

 The normal range of ETCO2 is 35-45 mm Hg
 ETCO2 readings within the normal range may 

indicate:
Normal cardiac or pulmonary function
Proper placement of an invasive airway device 

(endotracheal tube or supraglottic airway device)
Return of spontaneous circulation (ROSC) as 

indicated by a sudden rise of ETCO2 to a level greater 
than 30 mm Hg
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Presentation Notes
The normal range for partial pressure or measurement of end tidal CO2 is 35 to 45 millimeters of mercury.  While the normal range for a patient’s pulse rate or respiratory rate is age-dependent, the normal range of end tidal CO2 applies to all age groups.  An end tidal CO2 reading in the normal range, paired with the EMS provider’s clinical assessment, may indicate that the patient has normal cardiac or pulmonary function.  For those patients with an invasive airway device in place, an end tidal CO2 reading in the normal range is one of the indicators that the device is properly placed.  In patients who are in cardiac arrest, a sudden rise in the end tidal CO2 to a level greater than 30 millimeters of mercury may indicate the return of spontaneous circulation.



Waveform Capnography
Morphology of the Capnograph
In addition to continuous ETCO2 monitoring, 
benefits of waveform capnography compared to 
digital capnometry are:
 Information can be acquired from analysis of 

the morphology of the capnograph tracing 
 The capnograph captures dynamic changes 

that can occur in the status of the patient’s 
ventilation and perfusion

Presenter
Presentation Notes
Digital capnometry and waveform capnography are capable of providing continuous end tidal CO2 monitoring.  However, waveform capnography has the benefit of generating a capnograph tracing which is a graph of the respiratory cycle.  The morphology of the tracing can provide the data for the EMS provider to not only identify ventilation or perfusion abnormalities, but to identify the cause of the abnormality.



Waveform Capnography
Normal Capnograph Tracing

Presenter
Presentation Notes
The tracing at the top of the monitor screen is the patient’s cardiac rate and rhythm.  Although the cardiac rate corresponds to the pulse rate sensed by a pulse oximeter, it distinctly separate from the patient’s respiratory rate or pattern of ventilation as provided by waveform capnography.  The capnograph, which is the tracing at the bottom of the monitor screen, displays the measurement of the patient’s end tidal carbon dioxide in the unit of millimeters of mercury.  The shape of the waves is nearly rectangular where the frequent at which they occur is a measure of the patient’s respiratory rate.  The slope of the tracing has a sharp incline as the patient begins to exhale.  The gradient of the slope becomes more horizontal, yet continues to increase, as the patient completes the cycle of exhalation expelling the highest partial pressure or concentration of carbon dioxide from the lungs.  The maximum level of expelled carbon dioxide occurs at the end of exhalation.  When the patient begins to inhale, the slope of the tracing abruptly declines remaining fairly flat until another cycle of exhalation resumes.



Abnormal Capnograph Tracing
Sudden Loss of Waveform

45

0

• Invasive airway device disconnected, 
dislodged, kinked or obstructed

• Loss of circulatory function

Presenter
Presentation Notes
The beginning of this tracing demonstrates two normal respiratory cycles of exhalation and inhalation.  It is followed by a sudden and abrupt loss of the waveform.  Sudden loss of the waveform where the tracing is at or near zero millimeters of mercury of carbon dioxide can indicate loss of circulatory function or cardiac arrest.  If the clinical assessment does not demonstrate either one of these conditions, this pattern of the waveform can be caused by an airway device that has become disconnected, dislodged, kinked, or obstructed.



Abnormal Capnograph Tracing
Decreasing End Tidal CO2

45

0

• Endotracheal tube cuff leak

• Invasive airway device in hypopharynx

• Partial obstruction

Presenter
Presentation Notes
This tracing demonstrates one normal respiratory cycle followed by a morphology where the amplitude or height of the tracing is suddenly reduced, but does not persistently remain at or close to zero in the measurement of end tidal carbon dioxide.  In addition, the rectangular shape of the tracing is blunted or lost.  The morphology of this tracing can be seen when there is a partial airway obstruction or when an invasive airway device is misplaced or displaced in the patient’s hypopharynx.   This pattern can also been seen when an endotracheal tube has developed a leak in its cuff.



Abnormal Capnograph Tracing
CPR Assessment

45

0

• Attempt to maintain 
minimum of 10mmHg
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Presentation Notes
In this tracing, the rectangular shape of the morphology is fairly maintained; however, the amplitude or height is reduced compared to a normal tracing.  This pattern is seen when cardiopulmonary resuscitation is in process.  Quality CPR is being provided when the end tidal carbon dioxide level is at or above ten millimeters of mercury.  If CPR is in progress and the end tidal carbon dioxide level is less than ten, the person performing CPR should be informed to provide faster or deeper chest compressions or another responder should assume chest compressions to relieve a potentially fatigued rescuer.



Abnormal Capnograph Tracing
Sudden Increase in End Tidal CO2

45

0

• Return of spontaneous 
circulation (ROSC)
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Presentation Notes
The morphology in this tracing has a low amplitude that suddenly increases to a level within or above the normal range for end tidal carbon dioxide level that is thirty-five to forty-five millimeters of mercury.  This sudden increase demonstrates the return of spontaneous circulation or ROSC following the provision of quality CPR.



Abnormal Capnograph Tracing
Bronchospasm

45

0

• Asthma

• COPD
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The morphology seen in this tracing has the shape of a shark’s fin rather than the more rectangular shape that is seen during the exhalation portion of the respiratory cycle.  This pattern is seen in bronchospasm and the obstructive airway diseases of asthma and COPD.  When bronchospasm occurs, the smooth muscle in the tissues of the lungs constricts and causes air trapping in the alveoli.  This causes prolongation of the exhalation cycle and impedes the removal of carbon dioxide from the body.  As you can see in this tracing, the measurement of exhaled carbon dioxide is above normal indicating the development of hypercarbia.  These patients should be monitored closely as increasing hypercarbia is a sign of respiratory fatigue and potential respiratory failure or arrest.



Abnormal Capnograph Tracing
Hypoventilation

45

0
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This tracing shows a morphology with a wide rectangular shape.  Although the patient is inhaling and exhaling, the respiratory rate is abnormally slow and is resulting in the development of hypercarbia.  Without the appropriate intervention or respiratory support, hypoventilation with hypercarbia can lead to respiratory failure or arrest.



Abnormal Capnograph Tracing
Hyperventilation

45

0
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This tracing shows a morphology that is closer to a square shape than a rectangle.  Although this patient has an inhalation and exhalation cycle, the respiratory rate is above normal and is associated with a lower than normal end tidal carbon dioxide level.  This pattern is seen in hyperventilation where tachypnea and hypocarbia are common findings.  Although frequently associated with anxiety, hyperventilation can be a sign and symptom of serious illness or injury.   All of these patients will still require close monitoring for the development of respiratory fatigue or respiratory failure.



Abnormal Capnograph Tracing
Decreased End Tidal CO2

45

0

• Apnea
• Sedation

Presenter
Presentation Notes
This tracing demonstrates one fairly normal respiratory cycle with multiple morphologies without consistent uniformity.  There are segments of the tracing that transiently reach or approach a level of zero millimeters of mercury in the measurement of carbon dioxide before rising again.  There are also episodes where the end tidal carbon dioxide levels are transiently at or above normal.  The erratic pattern exhibited in this tracing is what is seen in patients with apnea or who are overly sedated.  In both of these cases, the patient should be provided with appropriate airway support or intervention.




Waveform Capnography
Monitoring Tips

 Monitor the capnography waveform
 Any change in waveform displayed on the 

capnograph could indicate a problem and should 
be investigated immediately

Presenter
Presentation Notes
The information provided by waveform capnography is only useful if the waveform is monitored.  There is no substitute for monitoring and reassessing your patient.  The monitoring of the patient’s blood pressure, pulse, and respirations is a standard practice, and the data from a waveform capnograph should be considered an additional vital sign.   Any change in the waveform displayed on the capnograph could indicate a problem.  The patient should be reassessed and the problem should be investigated immediately.



Waveform Capnography
Monitoring Tips

If no or low CO2 is detected by the waveform 
capnograph monitor, consider:
 Loss of airway function
 Apnea
Misplaced invasive airway device

 Loss of circulatory function
 Cardiac arrest
 Shock
Massive pulmonary embolism

 Equipment malfunction
 Obstruction
 Displaced invasive airway device

Presenter
Presentation Notes
If the capnograph detects no or low levels of CO2, there are a number of etiologies that should be considered.  There may be a loss of airway function that is caused by the patient becoming apneic or an invasive airway device, if present, could be misplaced.  Circulating CO2 can drop to zero or extremely low levels when a patient sustains a cardiac arrest, is in shock, or has circulatory collapse due to a massive pulmonary embolism.   Equipment malfunction can also cause this finding when there is an obstruction in the invasive airway device or if the device becomes displaced.



Waveform Capnography
Monitoring Tips

 The waveform capnography device should 
remain in place, along with the appropriate 
airway device, and monitored for the entirety of 
patient care and transport

 If the correct placement or function of an 
invasive airway device remains in question, it is 
always acceptable and preferable to ventilate 
the patient with oxygen delivered via a bag valve 
mask

Presenter
Presentation Notes
Continuous waveform capnography is an important element of continuous patient assessment.  Once the waveform capnography is initiated, it should ideally remain in place during all of the patient’s care and monitored during the entire patient transport.  Despite the best efforts, there may be situations when the correct placement or function of an invasive airway device remains in questions following patient assessment and analysis of the waveform capnograph.   In these scenarios, it is imperative for the EMS provider to know that it is both acceptable and preferable to remove the invasive airway device and to ventilate the patient with oxygen delivered with a bag valve mask.



Presenter
Presentation Notes
Thank you for completing the “Waveform Capnography for Ohio EMS” course.  Although this program is an informational tool, it is meant to supplement additional instruction, including psychomotor and clinical skill stations, testing, continuing education, and quality assurance review.  We look forward to improved patient safety and outcomes with the addition of waveform capnography to the EMS protocols and procedures in Ohio.


	Waveform Capnography�for Ohio EMS
	Patient Assessment Concerns
	Oxygenation
	Ventilation
	Perfusion
	Perfusion
	Pulse Oximetry
	Pulse Oximetry
	End Tidal Carbon Dioxide (ETCO2)
	Colorimetric ETCO2 Detectors
	Digital Capnometers
	Waveform Capnographs
	Assessment of Invasive �Airway Device Placement
	Why is End Tidal CO2 Important?
	Why is Waveform Capnography Important?
	Ohio EMS - Requirements
	Ohio EMS - Recommendations
	Waveform Capnography
	Capnography Equipment
	Waveform Capnography
	Waveform Capnography �End Tidal CO2 (ETCO2)
	Waveform Capnography�Morphology of the Capnograph
	Waveform Capnography�Normal Capnograph Tracing
	Abnormal Capnograph Tracing�Sudden Loss of Waveform
	Abnormal Capnograph Tracing�Decreasing End Tidal CO2
	Abnormal Capnograph Tracing�CPR Assessment
	Abnormal Capnograph Tracing�Sudden Increase in End Tidal CO2
	Abnormal Capnograph Tracing�Bronchospasm
	Abnormal Capnograph Tracing�Hypoventilation
	Abnormal Capnograph Tracing�Hyperventilation
	Abnormal Capnograph Tracing�Decreased End Tidal CO2
	Waveform Capnography�Monitoring Tips
	Waveform Capnography�Monitoring Tips
	Waveform Capnography�Monitoring Tips
	Slide Number 35

