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Introduction: Capnometry is becoming a standard for monitoring of spontaneously breathing patients during procedural 
sedation, during PCA and in the PACU. Because of the variable nature of spontaneous breathing in these conditions, 
identification of the start and end of each breath within the CO2 
signal can be difficult. Extraction of an accurate breath rate 
measurement from the capnogram signal becomes more diffi-
cult as the breathing becomes less mechanically controlled and 
as the sampling site moves away from the airway. Identifying 
breaths from the capnogram for a patient that is intubated and 
mechanically ventilated is trivial. On the other hand, if a patient 
is a sedated and breathing spontaneously and CO2 is sampled 
via a split- lumen nasal cannula which is also being used to 
deliver oxygen, accurate detection of the start and end of each 
breath is much more difficult. Present performance standards 
for capnometers only require accurate measurement of the con-
centration of CO2. There are no performance standards for the 
algorithms used tocalculate breath rate or end- tidal CO2 from 
the CO2 waveform. We have developed a system that physically 
re- creates clinically recorded CO2 signals so that breath detection algorithms, as implemented in multiplecapnometers, 
can be compared using identical input data.

Methods: Our capnogram waveform generator consists of: 1) 100% CO2 and O2 gas sources, 2) a simulator enclosure, 
3) a reference capnometer, and 4) a computer with stored capnograms. The concept of the simulator is to continuously 
change the flow rate of CO2 being injected into a constant flow of O2, in order to create varying CO2 partial pressures 
over time that mimic capnograms. The CO2 flow rate is computer controlled through a variable orifice solenoid valve 
that outputs higher flow rates or higher solenoid currents. Its response is non- linear and requires calibration before use. 
Once the CO2 is injected into the O2 stream, the mixed gas is diverted to the reference capnometer, which is used to cali-
brate the CO2 valve and measure the performance of the simulator. The reference capnometer used in this study was the 
on- airway Capnostat analyzer (Phillips Respironics, Wallingford, CT). Five capnogram data files were used to simulate 
different CO2 levels, respiratory rates, and waveform shapes and trends. These files include waveforms from intensive 
care unit (ICU), operating room (OR), new born, pediatric, and 
sedated adult patients.

Results: The average statistics for five minute simulations were root 
mean squared error (RMSE) = 1.99 mmHg, normalized root mean 
squared error (NRMSE) = 3.77%, mean absolute error (MAE) = 
1.40 mmHg, and R2 = 0.989.

Discussion: Using a CO2 waveform generator, it is possible to 
directly evaluate the performance of capnometer algorithms using a 
library of clinical data. This waveform generator facilitates the stan-
dardization of capnometry algorithm performance so that clinicians 
can be assured that the parameters reported by their capnometers are 
consistent for a given type of CO2 waveform regardless of the make 
or manufacturer of monitor. Furthermore, use of a physical simula-
tion ensures that the capnometer algorithm accounts for the limita-
tions of the analyzer and sampling system.
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