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Patients with acute obstructive disease processes of the lung (asthma, COPD, bronchitis) may be identified 
using EtC02 monitoring. These patients, all of whom may experience bronchospasm in the lungs, can be 

identified by a unique characteristic change seen in the EtC02 waveform. Bronchospasm will produce a 11 shark 

fin11 capnography waveform due to difficulty emptying alveoli. 12 The characteristic shark fm appearance is a 
result of regional obstruction, which causes a turbulent mixing of dead space air with alveolar air. This mixing 
softens the rapid rise in C02 concentration of exhaled air. It is important to note that the shark fm appearance of 

the capnograph has a direct physiological cause and is characteristic of bronchospasm. In other words, shark­
firming cannot be 11faked 11 (see Figure 1). 

By analyzing the C02 waveform over time, the paramedic can monitor the severity of asthma or chronic 

obstructive pulmonary disease (COPD) and the effectiveness of therapy provided. Capnogram analysis may be 
used to indicate airway obstruction in these patients, but further work is required to correlate curve indices to 

the degree of airway obstruction. 11 

Carbon dioxide values in asthma will change depending on severity of the disease. Hyperventilation may 
occur early in an acute asthma attack, lowering EtC02 levels with a slightly abnormal waveform. As the attack 

progresses, the EtC02 may read in the normal range, with a more prominent looking shark fm waveform on the 

monitor. Finally, as the attack becomes severe, the EtC02 rises and the wave becomes indistinguishable in its 

shark fm form. Once treatment is decided upon and the bronchoconstriction decreases, the EtC02 number may 

increase initially as gas exchange improves. Recognize that the waveform will appear to be normalizing. The 
return of a normal waveform indicates resolution of the bronchoconstriction. The same concepts will apply with 

COPD patients; however, the initial numbers may be high due to retaining C02 in their disease process. 11 

Congestive heart failure (CHF) patients have circulatory compromise, which results in changes in carbon 
dioxide delivery. This means that as the disease worsens, or as the patient approaches decomposition, EtC02 
will continue to decline as alveolar perfusion decreases. Respiratory distress due to CHF does not typically 
result in bronchoconstriction, so the waveforms will not necessarily have a shark fm appearance unless the 
patient has a pulmonary comorbidity. Capnography can alert to early recognition in CHF, even before the onset 
of pulmonary edema is apparent. It is important to note that a patient with significant pulmonary edema may 
have a significant disparity (due to the relative solubility of 0 2 vs. C02) between oxygenation and ventilation. 

Medications 

Paramedics frequently are required to administer medications that have a depressant effect on the central 
nervous system (CNS). This may include narcotic analgesics (morphine sulfate, fentanyl), benzodiazepines 
(Valium, midazolam, lorazepam) or other sedative agents (etomidate, ketamine). With any medication that 
depresses the CNS, there is a risk of hypo ventilation. Capnography should be routinely used to monitor patients 

receiving pain management or sedation for evidence ofhypoventilation and/or apnea. 12•13 

At times, paramedics encounter patients who are 11self-medicated 11 with CNS depressants, including alcohol, 
GHB, OxyContin, Xanax and many of the prescription compounds listed above. Overdose of alcohol and/or 
CNS depressants puts the patient at risk for hypoventilation. Capnography is invaluable and proven to be the 

earliest indicator of respiratory compromise due to medications with pain or sedative association. 12• 13 The 
EtC02 waveform dampens prior to a change in pulse oximetry due to the oxygen reserve in human anatomy. 

Capnography can be utilized in any patient who has ingested a significant quantity of CNS depressant, 
particularly those who are somnolent. 
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Diseases Affecting Metabolism and Acid-Base Status 

Waveform capnography is a direct measure of the changes in elimination of C02 from the lung and indirectly 

indicates changes in the production of C02 at the cellular level. It reflects the delivery of C02 to the lungs by 

the circulatory system. 14 With no pulmonary or circulatory disorders, EtC02 may indicate patient anxiety or a 

metabolic disorder. In diabetic ketoacidosis (DKA), Kussmaul's respirations result in hyperventilation as a 

means for patients to lessen their ketone load and attempt to correct metabolic acidosis. 14 The increased rate of 
breathing causes EtC02 to decrease. End-tidal carbon dioxide is linearly related to bicarbonate (HC03) in 

healthy subjects, and has been found to be significantly and chronically lower in children with DKA. Although 
more research is needed, in conjunction with clinical assessment, capnography may help discriminate between 
patients with hyperosmolar, hyperglycemic, nonketotic conditions and DKA. 

Perfusion 

Monitoring EtC02 can provide an early warning sign of shock. A patient with a sudden drop in cardiac output 

will show a diminished C02 waveform and a drop in the EtC02 number that may occur regardless of any 

change in breathing rate. Capnography should be used on all trauma and cardiac patients and any patient at risk 
for shock. Cardiac output and end-tidal partial pressure of carbon dioxide (PEtC02) were highly related in 

diverse experimental models of circulatory shock in which cardiac output was reduced by more than 40% of 
baseline values. Measurement of EtC02 is a noninvasive alternative for continuous assessment of cardiac output 

during low-flow circulatory shock states. 16 A patient with low cardiac output from a shock state does not 
deliver as much C02 per minute back to the lungs to be exhaled, which results in decreased EtC02. It doesn't 

necessarily mean the patient is hyperventilating or has a reduced arterial C02 level. Reduced perfusion to the 

lungs and/or tissues alone can be the sole cause. 16 

It is important to note the effect on ventilation/perfusion (V/Q) mismatch while using EtC02. V/Q mismatch 

occurs when there is an injury or disease process that affects normal blood circulation and/or lung function. For 
example, V /Q mismatch is often seen in pulmonary embolism, in which the alveolar tissue is capable of gas 
exchange. However, a vascular blockage prevents blood flow to areas of the lungs, so the EtC02 decreases 

because there is essentially fresh air being exhaled from the non-perfused portion of the lung. This V /Q 
mismatch results in increased C02 in the systemic circulation, with decreased exhaled C02. 

Seizure Management 

For patients who breathe during a seizure, capnography is a powerful tool to determine the aggressiveness of 
seizure management. If capnography reveals ventilatory failure, this will require aggressive airway and 
pharmacologic intervention. If a seizure patient has moderate elevations in EtC02 with an unalarming 

respiratory rate, perhaps less aggressive ventilatory support with or without medications would be indicated 
until the seizure approaches the end of its "cycle." If capnography indicates that a patient's ventilatory status is 

sufficient, then only supportive measures are required. 15 

Patient Management Based on Capnography 

To properly assess ventilation, it is important to understand what determines respiration and ventilation in the 
human body. Factors such as metabolic rate, acid-base status, central C02 respiratory drive, physiologic dead 

space and lung mechanics all play a role. There are factors that increase ventilatory demand, such as arterial 
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hypoxemia, increased metabolic rate, increased physiologic dead space, metabolic acidosis, pulmonary edema, 
increased work of breathing, confusion and central nervous system stimulation. Changes in any of the latter 
factors affect EtC02. Waveform capnography provides further insight into caring for your patient in many 

clinical states and is a tool paramedics should not be without. Table 1 lists some of the causes of both increased 
and decreased C02. 

Conclusion 

Capnography has a clinical utility in EMS with many types of disease states. It assists the EMS provider in 
measuring and monitoring metabolism, circulation and ventilation. Used with pulse oximetry, it provides 
insight into the management of many emergencies involving the pulmonary and circulatory systems. This 
includes not only respiratory compromise but factors also affecting perfusion and metabolism. The capnography 
waveform is a key vital sign when determining treatment for patients in the field. Capnography sampling 
devices are useful in all types of airways, whether or not the patient is intubated. 

Causes of Elevated Causes of 
EtC02 Decreased EtC02 

Metabolism 
Metabolism 

Pain Hypothermia 
Hyperthermia 
Shivering 

Metabolic acidosis 

Respiratory System 
Respiratory Respiratory System 
insufficiency Alveolar 
Respiratory hyperventilation 
depression Bronchospasm 
COPD Mucus plugging 
Analgesia/sedation 

CircuJatory System 
Circulatory System Hypotension 
Increased cardiac Sudden hypovolemia 
output Cardiac arrest 

Pulmonary emboli 

Medications 

I I 
Bicarbonate 
administration 

References 

1. Silvestri S, et al. The effectiveness of out-of-hospital use of continuous end-tidal carbon dioxide monitoring 
on the rate of unrecognized misplaced intubation within a regional emergency medical services system. Ann 
Emerg Med 497-503, May 2005. 

2. The American Heart Association: Highlights of the 2010 AHA Guidelines for CPR and ECC, 
http://static.heart.org/eccguidelines/pdf/90-1 043 _ ECC _ 201 0_ Guidelines ~I:Iighlights _ noRecycle.pdf. 

3. Egly J, Custodio D, Bishop N, et al. Assessing the impact ofprehospital intubation on survival in out-of­
hospital cardiac arrest. Prehosp Emerg Care 15:44-49, 2011. 

http://www.emsworld.com/online/printer.j sp?id= 1 77 50 10/4/2011 



Capnography as a Clinical Tool Page 8 of9 

4. Kette F, Reffo I, Giordani G, et al. The use oflaryngeal tube by nurses in out-of-hospital emergencies: 
Preliminary experience. Resuscitation 66:21-25, 2005. 

5. Berg RA, Henry C, Otto CW, et al. Initial end-tidal C02 is markedly elevated during cardiopulmonary 

resuscitation after asphyxial cardiac arrest. Pediatr Emerg Care 12:245-248, 1996. 

6. Falk JL, Rackow EC, Weil MH. End-tidal carbon dioxide concentration during cardiopulmonary 
resuscitation. N Engl J Med 318:607-611, 1988. 

7. Omato JP, Garnett AR, Glauser FL. Relationship between cardiac output and the end-tidal carbon dioxide 
tension. Ann Emerg Med 19:1104-1106,1990. 

8. Ward K, Yealy D. End-tidal carbon dioxide monitoring in emergency medicine: Part 2: Clinical 
applications. Acad Emerg Med 5:637-646, 1998. 

9. Levine RL, Wayne MA, Miller CC. End-tidal carbon dioxide and outcome of out-of-hospital cardiac arrest. 
N Engl J Med 337:301-306, 1997. 

10. Seppelt I. Intracranial hypertension after traumatic brain injury. Indian J Crit Care Med 8:120-126, 2004. 

11. You B, Peslin R, Duvivier C, et al. Expiratory capnography in asthma. Eur Respir J 7:318-323, 1994. 

12. Burton JH, Harrah JD, Gremann CA, Dillion DC. Does end-tidal carbon dioxide monitoring detect 
respiratory events prior to current sedation monitoring practices. Acad Emerg Med 13:500-504, 2006. 

13. Swedlow DB. Capnometry and capnography: The anesthesia disaster early warning system. Seminars in 
Anesthesia 3:194-205, 1986. 

14. Fearon DM, Steele DW. End-tidal carbon dioxide predicts the presence and severity of acidosis in 
children with diabetes. Acad Emerg Med 9:1373-1378, 2002. 

15. Krauss B. Advances in the use of capnography for nonintubated patients. Israeli J Emerg Med 8:3-15, 
2008. 

16. Nagler J, Krauss B. Capnographic monitoring in respiratory emergencies. Clin Ped Emerg Med 10:82-89, 
2009. 

David Wampler, PhD, LP, is an assistant professor of Emergency Health Sciences, University of Texas Health 
Science Center, San Antonio, TX He is also a member of EMS World Magazine's editorial advisory board. 

EMSWMLD 
Printable version may be for personal use only. Content may not be duplicated, re-used or otherwise replicated 
without expressed, written consent from EMSWorld .com and/or the original author/source. 

Provided by EMSWorld.com- A Cygnus Business Media site 

http://www .emsworld.corn/ online/printer.j sp ?id= 1 77 50 10/4/2011 


