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Diseases Affecting Metabolism and Acid-Base Status

Waveform capnography is a direct measure of the changes in elimination of CO, from the lung and indirectly
indicates changes in the production of CO, at the cellular level. It reflects the delivery of CO, to the lungs by

the circulatory system. 14 With no pulmonary or circulatory disorders, EtCO, 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.!* The increased rate of
breathing causes EtCO, to decrease. End-tidal carbon dioxide is linearly related to bicarbonate (HCO,) 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 EtCO, can provide an early warning sign of shock. A patient with a sudden drop in cardiac output
will show a diminished CO, waveform and a drop in the EtCO, 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 (PEtCO,) 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 EtCO, is a noninvasive alternative for continuous assessment of cardiac output
during low-flow circulatory shock states. 16 & patient with low cardiac output from a shock state does not
deliver as much CO, per minute back to the lungs to be exhaled, which results in decreased EtCO,. It doesn't

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

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

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

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

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 EtCO, 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. s
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 CO, 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 EtCO,. 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 CO,.

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.
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