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Introduction


The term capnography refers to the non-invasive measurement of the partial pressure of carbon
dioxide (CO2) in exhaled breath expressed as the CO2 concentration gradient over time



The relationship of CO2 concentration to time is graphically represente d by the waveform, or
capnogram



Oxygen and ventilation are distinct physiologic functions that must be assessed in both intubated and
spontaneously breathing patients. Pulse oximetry provides instantaneous feedback about oxygenation



Capnography provides instantaneous information about ventilation (how effectively CO2 is being
transported through the vascular system) and metabolism (how effectively CO2 is being produced by
cellular metabolism)



Capnography is considered the gold standard monitor for intubation and allows quick distinction
between an endotracheal and an oesophageal intubation. It is the most reliable indicator that an
endotracheal tube is placed in the trachea after intubation.

Principles of operation
CO2 monitors measure gas concentration or partial pressure, using one of two configurations either
mainstream or sidestream. Both configurations use an infra-red sensor – the location of the sensor is different
for each
1. Mainstream devices measure respiratory gas directly from the airway with the sensor located on the
airway adapter at the hub of the tracheal tube. Mainstream has a faster response as there is no time
lag getting the gas sample to the sensor but does mean having the sensor and cabling attached to the
patient tubing. The sensor requires calibration before use. Sensors are also expensive to replace .
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2. Sidestream devices measure respiratory gas which travels through a sample line and passes through
the sensor inside the monitor/box i.e. Philips X3 module or Oridian handheld unit. Sidestream devices
are configured for both intubated and nonintubated patients. The Sidestream method allows for less
clutter and weight on the patient tubing. It is also less likely to get damaged. The sample line can
become blocked with moisture. Sample lines are time-limited so usually need replaced especially if
they become blocked with moisture or tracheal secretions.

CO2 waveform
The capnogram consists of 4 phases

-

Phase 1 (dead space ventilation A-B) represents the beginning of exhalation where the dead space is
cleared from the upper airway and the CO2 concentration approaches zero

-

Phase 2 (ascending phase B-C) represents the rapid rise in carbon dioxide concentration in the breath
stream as the CO2 from the alveoli reaches the upper airway

-

Phase 3 (alveolar plateau C-D) represents the CO2 concentration reaching a uniform level in the entire
breath stream from alveolus to nose. Point D occurring at the end of the alveolar plateau, represents
the maximum CO2 concentration at the end of the tidal breath and is appropriately named the endtidal CO2 (EtCO2). This is the number that appears on the monitor display

-

Phase 4 (D-E) represents the inspiratory cycle where the CO2 falls back to zero
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-

Patient with normal lung function have characteristic trapezoidal capnograms and narrow gradients
between their alveolar CO2 i.e. EtCO2 and arterial CO2 concentration (PaCO2) of 0 to 5 mmHg. Gas in
the physiologic dead space accounts for this normal gradient

-

Patients with obstructive lung disease have impaired expiratory flow and uneven emptying of alveoli
due to ventilation-perfusion mismatch, and demonstrate a more rounded ascending phase and an
upward slope in the alveolar plateau. In patients with abnormal lung function and ventilationperfusion mismatch, the EtCO2-PaCO2 gradient widens depending on the severity of the lung disease.
The EtCO2 in patients with lung disease is only useful for assessing trends in ventilator status over
time; isolated EtCO2 values may or may not correlate with the PaCO2
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Assessment of the capnography trace

Waveform shape and normal EtCO2 values


The shape and trends of the CO2 waveform contains valuable information that is not available from
any other source



Subtle changes in the waveform can reflect actual or impending problems with endotracheal tubes,
ventilators, breathing circuits, soda lime absorbers, airway mechanics, respiratory drive, cardiovascular
systems, level of neuromuscular blockade, and other important conditions



The shape of the CO2 waveform should normally be a rectangle with rounded corners. However
different waveforms can indicate different conditions



The EtCO2 target value should also be 4.5 to 6.0 kPa

Analyse the waveform
1. Look for presence of exhaled CO2 → is a waveform present?
2. Inspiratory baseline → is there rebreathing?
3. Expiratory upstroke → what is the shape? steep, sloping or prolonged?
4. Expiratory/alveolar plateau → is it sloping, steep or prolonged?
5. Inspiratory downstroke → is it sloping, steep or prolonged?

Clinical applications for capnography


Verification of endotracheal tube placement



Continuous monitoring of tube location during transport



Gauging effectiveness of resuscitation and prognosis during cardiac arrest



Indicator of return of spontaneous circulation during chest compressions



Titrating end-tidal carbon dioxide levels in patients with suspected increase in intracranial pressure



Determining prognosis in trauma



Determining adequacy of ventilation
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Verification of ET tube placement


Unrecognised misplaced intubation (UMI) is defined as the placement of an ETT in a location other
than the trachea that is unrecognised by the clinician



UMI has disastrous consequences and has been extensively documented in the emergency medical
services literature, with reported rates ranging from 7 to 25 percent



UMI is unacceptable and widespread use of CO2 monitoring along with other verification techn iques
has helped to prevent it



Correct ETT placement must be verified immediately following every tracheal intubation

Following intubation


The presence of a waveform with all four phases indicates the ETT is through the vocal cords



However, a normal waveform can occur when the tube has been placed in the right mainstem
bronchus



Furthermore, a waveform resembling tracheal placement may be present for a few breaths with an
ETT placed in the hypopharynx just above the vocal cords, but over time these waveforms are likely to
become erratic due to movement of the ETT, suggesting that the ETT is not properly placed

A flat line waveform generally indicates oesophageal placement but can occur in several other situations


Prolonged cardiac arrest with diffuse cellular death, in which, no CO2 is produced because of an
absence of cellular respiration and CO2 exchange in the pulmonary bed is severely compromised



ETT obstruction



Complete airway obstruction distal to the ETT e.g. foreign body



Technical malfunction of the monitor or tubing

When the ET tube is placed in the oesophagus,
either no CO2 is sensed or only small transient
waveforms are present.

Continuous monitoring of tube location during transport


UMI has catastrophic consequences and can occur when a tracheal tube is disl odged during patient
transport



Continuous monitoring of tracheal tube location during transport prevents UMI



ETT placement and continous capnographic monitoring of ETT location is an accepted standard of care
and is recommended as the most reliable method and this type of monitoring can be use d for both
pre-hospital and in-hospital intubated patients
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Capnography in cardiac arrest


When capnography provides a waveform for an intubated patient in cardiac arrest, the ETT can be
assumed to be within the trachea. An absent (flatline) waveform may indicate oesophageal or
placement above the trachea



Early in cardiac arrest, and when the patient is receiving effective CPR, complete failure of CO2
exchange is unlikely, and the clinician should assume oesophageal intubation exists if a waveform is
absent



In patients with prolonged cardiac arrest and an absent waveform, the clinician should also assume an
oesophageal intubation exists



Physical examination criteria, such as repeat laryngoscopy and auscultation of the lungs and
epigastrium, may be used, but the clinician must be aware of their limitations in discriminating
between oesophageal and tracheal intubation

Effectiveness of CPR
Adequacy of CPR is also easily assessed using capnography. Measuring EtCO2 during a CPR arrest is beneficial for two
reasons: the measurement helps in assessing the effectiveness of CPR and can also help predict survival.



During cardiac arrest, when alveolar ventilation and metabolism are essentially constant, EtCO2 levels
reflect pulmonary blood flow. EtCO2 can be a gauge of the effectiveness of cardiac compressions. As
effective CPR leads to a higher cardiac output, EtCO2 will rise, reflecting the increase in perfusion



The measurement of EtCO2 varies directly with the cardiac output produced by chest compression.
Studies have demonstrated an EtCO2 level ˂ 3mmHg immediately after cardiac arrest, with a higher
level generated during cardiac compressions and a mean peak ˃ 7.5mmHg just before return of
spontaneous circulation



This peak in EtCO2 level is the earliest sign of ROSC and may occur beyond return of a palpable pulse
or blood pressure. Studies have also found that higher EtCO2 values during CPR correlate w ith
increased ROSC and survival



Furthermore, specific EtCO2 levels have been shown to correlate with ROSC. In a systematic review,
EtCO2 ≥ 10 to 20 mmHg during CPR was strongly associated with ROSC while persistent EtCO2 below
10 to 20 mmHg after 20 minutes of CPR had a 0.5% likelihood of ROSC
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High quality CPR – consistent waveform and end-tidal CO2 > 2.0 kPa

Chest compression provider tiring – end-tidal CO2 value diminishes over time

Sudden increase in end-tidal CO2 – return of spontaneous circulation. Capnogram monitoring virtually
eliminates the need to stop chest compressions to check for pulses. Once this rise in EtCO2 is noted, chest
compressions can safely be stopped while cardiac rhythm and blood pressure are assessed.

Persistently low end-tidal CO2 – check quality of compressions, check ventilation volume, if persistent may
be a guide to prognosis
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Confounding factors in resuscitation


Drugs used in resuscitation may affect EtCO2 values. EtCO2 often decreases rapidly moments after
administration of adrenaline



Sodium bicarbonate may produce a transient increase in EtCO2 but the rise in EtCO2 levels after ROSC
is greater and longer lasting than a sodium bicarbonate bolus

Increased ICP and trauma prognosis


EtCO2 monitoring can help clinicians avoid inadvertent hyperventilation of patients with head injury
and suspected intracranial pressure (ICP). It may also help determine the prognosis of trauma victims



Arterial CO2 tension affects blood flow to the brain. High CO2 levels result in cerebral vasodilation,
while low CO2 levels result in cerebral vasoconstriction



Sustained hypoventilation – defined as PaCO2 levels ≥ 6.6 kPa results in increased cerebral blood flow
and increased ICP, which can harm head-injured patients



Sustained hyperventilation – defined as PaCO2 levels ≤ 4.0 kPa is also detrimental and is associated
with worse neurologic outcome in severely brain-injured patients. Consequently, ventilation rates to
achieve eucapnia is recommended

Prognosis in sepsis


There is an inverse relationship between EtCO2 and lactate levels in sepsis, severe sepsis and septic
shock. EtCO2 performs similarly to lactate as a predictor for mortality in patients with suspected
sepsis



In a prospective study of 183 patients performed in the pre -hospital setting, patients with suspected
sepsis and an EtCO2 value ≤ 3.3 were more frequently diagnosed with sepsis and severe sepsis and had
higher mortality



The use of EtCO2 to predict mortality, sepsis and severe sepsis in pre-hospital patients outperformed
another well-accepted screening tool, the quick sequential organ failure assessment score (qSOFA)

Increasing ETCO2 level - an increase in the level of ETCO2 from previous levels

Possible causes
-

Decrease in respiratory rate, decrease in tidal volume, increase in metabolic rate or rapid rise in body
temperature
9

Decreasing ETCO2 level - a decrease in the level of ETCO2 from previous levels

Possible causes
-

Increase in respiratory rate, increase in tidal volume, decrease in metabolic rate

Rebreathing - elevation of the baseline indicates rebreathing (may show increase in ETCO2)

Possible causes
-

Insufficient expiratory time, faulty expiratory valve on ventilator, inadequate inspiratory flow

Obstruction in breathing circuit or airway
Obstructed expiratory gas flow is noted as a change in the slope of the ascending limb of the capnogram (expiratory
plateau may be present)

Possible causes
-

Obstruction in the expiratory limb of the breathing circuit, presence of a foreign body in the upper airway,
partially kinked or occluded artificial airway, bronchospasm
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Endotracheal tube in oesophagus
A normal capnogram is the best available evidence that the ET tube is correctly positioned and that proper ventilation is
occurring. When the ET tube is placed in the oesophagus, either no CO2 is sensed or only small transient waveforms are
present.

Muscle relaxants
Curare clefts are seen in the plateau portion of the capnogram. They appear when the action of the muscle relaxants
begin to subside and spontaneous ventilation returns.

Characteristics: depth of the cleft is inversely proportional to the degree of drug activity, position is fairly constant on
the same patient but not necessarily present with every breath

Loss of alveolar plateau
This capnogram displays an abnormal loss of alveolar plateau meaning incomplete or obstructed exhalation. Note the
“Shark’s fin” pattern. Evaluation in asthma treatment is another use for EtCO2. Analyzing the EtCO2 waveform after
aerosolised bronchodilator therapy has been administered helps to evaluate treatment effectiveness.
Shark’s fin pattern (below) can be seen in the following broncho-constrictive conditions
-

Asthma, COPD, incomplete airway obstruction, tube kinked or obstructed by mucous.
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