
S1 Appendix: Adaptive filtering

Variability of chest compression and ventilation rates during cardiopulmonary resuscitation (CPR) may affect
the efficacy of the fixed-coefficient filter [1–4]. Adaptive techniques in which the filter parameters are adjusted
in time according to the varying characteristics of the artifact could be a suitable solution. In the literature,
adaptive filtering has been extensively used for the suppression of the artifact induced by chest compressions
in the electrocardiogram recorded by defibrillators during CPR [5–9].

For the capnogram artifact issue, we designed two different adaptive filtering configurations, an open-loop
and a closed-loop adaptive filter [10].

Open-loop (OL) adaptive filter:

The OL adaptation is illustrated in Figure 1A. This technique is based on the adaptive adjustment of the
filter to the information extracted from the compression depth (CD) signal, used as a reference in this case.

The filter was a stop-band Butterworth filter whose central frequency is adaptively adjusted according
to the chest compression rate. We estimated the average chest compression rate in 2-s intervals, using the
annotated compression instances in the CD signal. Thus, the coefficients of the filter were updated every
2 s [10].
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Figure 1: (A) Open-loop adaptive filter. The adaptation algorithm uses the capnogram and the CD signal
to adjust the filter coefficients every 2-s. (B) Closed-loop adaptive filter. Configuration for adaptive
cancellation of the chest compression artifact.

Closed-loop (CL) adaptive filter:

Figure 1B shows the scheme of the CL adaptive filter applied to canceling sinusoidal interference [10]. This
system requires an additional reference input signal. In our approach, this reference signal is modeled as a
pure cosine wave of time-varying amplitude and phase, with a fundamental frequency matching the chest
compression rate. The chest compression instants detected in the CD signal were used to estimate the
instantaneous chest compression rate, which may vary between compressions.
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In this configuration, the artifact is adaptively estimated and subtracted from the input capnogram
to obtain a clean capnogram. The filter coefficients are updated sample by sample by applying the
Least-Mean-Square algorithm (LMS). The resulting system is equivalent to a notch filter at the frequency of
chest compressions, capable of adaptively tracking the exact frequency of the artifact [10].
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