17. Basic Principles of Gas Exchange (William Stringer MD)
Cardiopulmonary Exercise Testing (CPET) relies on fundamental physiological principles established historically. Core to this is the Fick Equation (VO2 = CO x (a-v)O2diff ) Key physiological modulators include the Bohr Effect (O2  unloading from hemoglobin) and the Haldane Effect.
The non-invasive revolution in CPET originated with Karlman Wasserman, who introduced the Anaerobic Threshold (AT or VT1). Wasserman theorized that the excess CO2 produced by bicarbonate buffering of lactic acid non-invasively signals the onset of ischemia. This is reflected by an increase in the Respiratory Exchange Ratio above the muscular RER (0.85-0.90). In the 9-panel plot, VT is identified where Ve/VO2 starts to rise while Ve/VCO2 remains stable. The subsequent inflection point is the Respiratory Compensation Point (RCP or VT).
Important diagnostic and prognostic concepts derived from the ramp test include the O2pulse,VO2/HR and Ve/VCO2 slope. The Ve/VCO2slope is a powerful prognostic tool, used for grading heart failure severity and assessing pulmonary hypertension. Limitations in gas exchange, reflecting V/Q-mismatch, are quantified by an increased dead space to tidal volume ratio (VD to VT). While VD/VT traditionally requires arterial blood gas, PaCO2 the ratio can be approximated non-invasively using Transcutaneous PCO2. TcPCO2.measured via a heated Severinghaus-sensor.

