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KEYWORDS Summary Providing cardiopulmonary resuscitation (CPR) to a patient in cardiac
Out-of-hospital CPR; arrest introduces artefacts into the electrocardiogram (ECG), corrupting the diagno-
Automated external sis of the underlying heart rhythm. CPR must therefore be discontinued for reliable
defibrillator (AED); shock advice analysis by an automated external defibrillator (AED). Detection of

ventricular fibrillation (VF) during CPR would enable CPR to continue during AED
rhythm analysis, thereby increasing the likelihood of resuscitation success.

This study presents a new adaptive filtering method to clean the ECG. The
approach consists of a filter that adapts its characteristics to the spectral content of
the signal exclusively using the surface ECG that commercial AEDs capture through
standard patches. A set of 200 VF and 25 CPR artefact samples collected from real
out-of-hospital interventions were used to test the method. The performance of a
shock advice algorithm was evaluated before and after artefact removal. CPR arte-
facts were added to the ECG signals and four degrees of corruption were tested.
Mean sensitivities of 97.83%, 98.27%, 98.32% and 98.02% were achieved, producing
sensitivity increases of 28.44%, 49.75%, 59.10% and 64.25%, respectively, sufficient
for ECG analysis during CPR.

Although satisfactory and encouraging sensitivity values have been obtained, fur-
ther clinical and experimental investigation is required in order to integrate this
type of artefact suppressing algorithm in current AEDs.
© 2006 Elsevier Ireland Ltd. All rights reserved.
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arrest (SCA) for several reasons: (1) at the time of
the first cardiac rhythm analysis, about 40% of SCA
victims have ventricular fibrillation (VF); (2) the
optimum treatment for VF cardiac arrest is imme-
diate bystander CPR (combined chest compression
and rescue breathing) plus electrical defibrillation;
(3) each minute delay in defibrillation reduces the
probability of survival to discharge by 10—15%2%3
and (4) successful resuscitation is unlikely once the
rhythm has deteriorated to asystole.* Early defibril-
lation is thus central to the success of resuscitative
attempts during VF cardiac arrest,” and is advo-
cated in the above-mentioned guidelines.

The application of CPR, although unlikely to con-
vert VF to a normal rhythm, does maintain VF
until defibrillation is available. Moreover, increas-
ing evidence supports a critical interaction between
CPR and defibrillation, as delaying defibrillation to
provide CPR may improve the outcome of resus-
citation,®’ while longer compression periods dur-
ing CPR may increase the survival rate.? In fact, the
most significant changes in the new guidelines are
made to simplify CPR instruction, increase the num-
ber of chest compressions per minute and reduce
interruptions in chest compressions during CPR."

The mechanical activity from thoracic compres-
sions and ventilation during CPR introduces artefact
components into the ECG signal. These artefacts
can condition the shock/no-shock decision of an
automated external defibrillator (AED). The current
application procedure requires chest compressions
and ventilations to be interrupted during automatic
rhythm analysis. The duration of these hands-off
intervals affects the rate of restoration of sponta-
neous circulation (ROSC).% 10 AEDs are thus likely to
be most effective if they are programmed to secure
minimal hands-off periods before the delivery of
the electric shock.

The feasibility of VF detection during CPR is
a highly challenging issue that, if solved, would
enable CPR to continue during AED rhythm anal-
ysis, thereby increasing the likelihood of resus-
citation success. Furthermore, it would permit
time-selective shock therapy in which predictors
of defibrillation success are used to maximise the
ROSC.!1-13

CPR artefacts have been successfully removed
from a porcine ECG by means of fixed coefficient
high-pass digital filters.'3:'# This is possible due to
the clear spectral separation of the artefact and
the ECG signal. The human VF signal and the CPR
artefact show an important spectral overlap which
makes a simple approach based on a fixed coeffi-
cient filter inadequate.'®'® The rhythm assessment
that some commercial AEDs offer during CPR is not
even recommended by the manufacturers.'”

Recent studies have proposed the use of adaptive
filters to remove the CPR artefact from VF signals in
humans. 18 These methods require several addi-
tional signals strongly correlated to the artefact
(e.g., compression acceleration and compression
depth) besides the surface ECG. These signals are
not available from current commercial AEDs, and
are not easy to obtain, as they require profound AED
hardware alterations. In this study, we investigated
an adaptive method that uses only the surface ECG
signal to provide a reliable VF signal. This technique
would require minimal software modifications of
the current AED algorithms.

Materials and methods

Data collection

The VF database used in this research was col-
lected during the 2001—2003 period in a study
involving the Basurto Hospital in Bilbao (Spain)
and the emergency services of the Community of
the Basque Country (Spain). The aim was to col-
lect a VF database adequate to test the sensi-
tivity of an AED. The VF samples correspond to
200 patients having in-hospital (35.5%) and out-of-
hospital cardiac arrests (64.5%). There were two
sources of in-hospital samples: the Cardiolab sys-
tem (Prucka Engineering) and the digitalisation of
printed ECGs extracted from portable ECG record-
ing systems. Out-of-hospital samples were obtained
during emergency interventions, using either man-
ual or automated external defibrillators. Table 1
details the source and number of the ECG records
collected.

A total of 200 segments of coarse VF were
obtained with an average duration of 15s. The
ECG database fulfils the American Heart Associa-
tion (AHA) requirements for the evaluation of the
arrhythmia analysis algorithm of an AED."? Follow-
ing the criteria defined to test VF sensitivity, the

Table 1
VF database

Description of the ECG database

Source No.
Basurto Hospital Cardiolab 27
Paper 44

Emergency services
AED Digital 83
MED" Paper 46
Total 200

* Manual external defibrillator.
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