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Prediction of successful defibrillation in human victims of
out-of-hospital cardiac arrest: a retrospective
electrocardiographic analysis
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Weil Institute of Critical Care Medicine, Rancho Mirage, California, United States of America

SUMMARY

In the present study we sought to examine the efficacy of an electrocardiographic parameter, ‘amplitude spectrum
area’ (AMSA), to predict the likelihood that any one electrical shock would restore a perfusing rhythm during
cardiopulmonary resuscitation in human victims of out-of-hospital cardiac arrest. AMSA analysis is not
invalidated by artefacts produced by chest compression and thus it can be performed during CPR, avoiding
detrimental interruptions of chest compression and ventilation. We hypothesised that a threshold value of
AMSA could be identified as an indicator of successful defibrillation in human victims of cardiac arrest.

Analysis was performed on a database of electrocardiographic records, representing lead 2 equivalent
recordings from automated external defibrillators including 210 defibrillation attempts from 90 victims of
out-of-hospital cardiac arrest. A 4.1 second interval of ventricular fibrillation or ventricular tachycardia, recorded
immediately preceding the delivery of the shock, was analysed using the AMSA algorithm. AMSA represents a
numerical value based on the sum of the magnitude of the weighted frequency spectrum between two and 48 Hz.

AMSA values were significantly greater in successful defibrillation (restoration of a perfusing rhythm), compared
to unsuccessful defibrillation (P <0.0001). An AMSA value of 12 mV-Hz was able to predict the success of
each defibrillation attempt with a sensitivity of 0.91 and a specificity of 0.97.

In conclusion, AMSA analysis represents a clinically applicable method, which provides a real-time prediction
of the success of defibrillation attempts. AMSA may minimise the delivery of futile and detrimental electrical

shocks, reducing thereby post-resuscitation myocardial injury.
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More than 50% of all patients initially resuscitated
from cardiac arrest subsequently die before leaving
hospital*® and the majority of these deaths are due to
impaired myocardial function®.

Electrical defibrillation is the unique treatment
for ventricular fibrillation (VF) cardiac arrest.
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However, we have recognised that the severity of
post-resuscitation myocardial dysfunction is also
related to the magnitude of the electrical energy
delivered with defibrillation*. Increases in the
energy of defibrillation are associated with
decreased post-resuscitation myocardial function®’.

Current guidelines suggest consideration of a
“one- to three-minute period of CPR before
attempting defibrillation in adults with out-of-
hospital VF or pulseless VI and EMS response
(call to arrival) intervals greater than four to
five minutes”™. The guidelines cite evidence that
this period of CPR may increase the likelihood of
successful defibrillation, though this appears to be
time-dependent*''. Early CPR, such as to restore
coronary perfusion pressure and myocardial blood
flow, delays onset of ischaemic myocardial injury and
facilitates defibrillation®.

Chest compressions, however, create artefacts on
the electrocardiographic (ECG) signal such that
pauses in CPR are mandatory for rhythm analysis
prior to attempting defibrillation*. Substantial
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interruptions  of chest compressions have
detrimental effects on the success of cardio-
pulmonary resuscitation'“*, reducing the likelihood
of success of defibrillation due to immediate
declines of coronary perfusion'>',

In the present study, we therefore sought to
examine the efficacy of an electrocardiographic
parameter, ‘amplitude spectrum area’ (AMSA),
to predict the likelihood that any one electrical
shock would restore a perfusing rhythm, during
cardiopulmonary resuscitation, in human victims
of out-of-hospital cardiac arrest. The AMSA
analysis was conducted on electrocardiographic
recordings of frontal plane lead 2 equivalent
recorded during cardiac resuscitation. We
hypothesised that a threshold value of AMSA
could be identified that would be applicable as
an indicator of successful defibrillation in human
victims of cardiac arrest.

MATERIALS AND METHODS

A database of 369 episodes of ventricular
fibrillation or ventricular tachycardia  with
defibrillation attempts, obtained from 139 human
victims of out-of-hospital cardiac arrest, was
available through the courtesy of ZOLL Medical
Corporation,  Massachusetts, U.S.A.  Electro-
cardiograms were recorded from ZOLL AED
PLUS and ZOLL AED PRO automated external
defibrillators at a sample rate of 250 Hz. These
defibrillators provided escalating biphasic shocks in
the sequence, 120-150-200 joules; subsequent shocks
were delivered with energy of 200 joules. Events prior
to and after delivery of each electrical shock were
recorded.

AMSA analysis algorithm has been previously
described”?. In brief review, the ECG signal is
filtered between two and 48 Hz to minimise low
frequency artefacts produced by chest compression
and to exclude the electrical interference of
ambient noise at frequencies greater than 48 Hz.
Analog ECG signals are digitalised and converted
from a time to a frequency domain by fast
Fourier transformation. The resulting amplitude
spectrum relationship is the so-called AMSA. The
sum of individual amplitudes and frequencies,
i.e. AMSA = > Ai - Fi, where Ai represents the
amplitude at i" frequency Fi.

Our analysis was performed on a 4.1 second
interval  of  electrocardiographic  recordings
immediately preceding the delivery of the
defibrillatory shock. For purpose of this study,
the outcome of the shock was defined according to
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the following criteria: return of a perfusing rhythm
(PR), if defibrillation restored an organised
rhythm with heart rate =40 /min commencing
within the one-minute post-shock period and
persisting for a minimum of 30 seconds; or
failure of return of a perfusing rhythm (NR), if
ventricular fibrillation, ventricular tachycardia (heart
rate >150 /min), asystole or pulseless electrical
activity, with pauses >five seconds, occurred. Only
ECG recordings with adequate pre- and post-shock
durations, for the purpose of analysis, and in
which the defibrillation outcomes could be
confirmed, were included in the study.

AMSA was computed with the aid of Matlab 7.2
computing software (Natick, MA). Two independent
readers  reviewed  the  electrocardiographic
recordings to confirm defibrillation outcomes.
Normal distribution of the data was confirmed
using Kolmogorov-Smirnov Z test. Differences in
AMSA values between successful and unsuccessful
defibrillation attempts were analysed by the
Student’s t-test for independent samples. Data are
presented as mean = SD.

RESULTS

A total of 210 defibrillation attempts on ECG
recordings from 90 human victims of out-of-hospital
cardiac arrest were included for analysis. There was
a significant difference in the AMSA values between
successful defibrillation (restoration of a perfusing
rhythm) and unsuccessful defibrillation (failure to
restore a perfusing rhythm), as shown in Table 1
(P <0.0001).

TABLE 1
Amplitude spectrum area and success of defibrillation attempts
(mean = SD)
PR NR P value

16£3.4 7.1+2.6 <0.0001
16£3.7 7.8+2.6 <0.0001

AMSA mV-Hz (all DF attempts)
AMSA mV-Hz (first DF attempt)

PR=return of a perfusing rhythm, NR=failure of return of a
perfusing rhythm, DF=defibrillation.

Using the intersection of sensitivity and specificity
curve for different AMSA values, we selected a
threshold that provided a balance of sensitivity
and specificity (Figure 1). An AMSA value of
12 mV-Hz predicted successful defibrillation with
return of perfusing rhythm, with a sensitivity of
091 and a specificity of 0.97. The positive
predictive value, which refers to the proportion
of the shocks that were correctly predicted to
restore a perfusing rhythm, was 0.95. The negative
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predictive value, which instead refers to the
proportion of the shocks that were predicted to fail
and actually failed to restore a perfusing rhythm,
was 0.97 (Table 2). We further confirmed the
predictive ability for successful defibrillation by use
of the area under the ROC curve, relative to the
AMSA value of 12 mV-Hz. The area under the ROC
curve was 0.991 (Figure 2).

Subsequently we analysed the AMSA values that
preceded the delivery of the first electrical shock.
A total of 83 defibrillation attempts were included.
We again confirmed a significant difference in
AMSA values between successful and unsuccessful
defibrillation (P < 0.0001, Table 1). An AMSA value
of 12 mV-Hz was able to predict the success of the
first defibrillation attempt with a sensitivity of 0.95
and a specificity of 1. High positive and negative
predictive values were also confirmed (Table 2).
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FIGURE 1: Intersection of sensitivity and specificity curves for
different AMSA values. From the intersection we could select the
threshold with the highest sensitivity and specificity, 12 mV-Hz.
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FIGURE 2: Return of a perfusing rhythm: predictive ability. ROC
curve for AMSA value of 12 mV-Hz. The area under the ROC
curve is 0.991.

DISCUSSION

The ability to predict defibrillation success may
minimise the damaging effects of repetitive and
unnecessary electrical shocks. In the present study,
AMSA analysis was applied to the ECG signals of
human victims of out-of-hospital cardiac arrest, and
was able to discriminate with high sensitivity and
specificity those shocks that effectively terminated
ventricular fibrillation and those that failed.

Existing predictors of successful resuscitation
include coronary perfusion pressure?* and
end-tidal CO,**. Coronary perfusion pressure is
highly correlated to the myocardial blood flow,
but is generally inapplicable in preclinical settings.
End-tidal CO, may serve as a surrogate measurement
for cardiac output, but has not been evaluated in
the setting of prediction of shock success in humans.
Other investigators focused their attention on the
morphology of the ventricular fibrillation waveform
in order to predict the success of resuscitation.
Greater VF amplitude together with dominant and
median frequency were associated with improved
outcomes®?*. However, the challenge is to ensure
high sensitivity and specificity, especially during
precordial compression, in order to identify the
ideal moment to deliver the defibrillatory shock.

The ASMA approach represents an accurate
predictor for successful defibrillation. Under
experimental conditions, in porcine models of
cardiac arrest and resuscitation, AMSA"? has
already been shown to uniformly predict the success
of electrical shocks, yielding sensitivity and specificity
of about 90%. AMSA predicted (with a negative
predictive value of more then 95%) when an
electrical shock failed to restore spontaneous
circulation.

AMSA analysis is a simple parameter that
can be easily obtained by a conventional surface
electrocardiogram that is part of the routine
current practice of advanced cardiac life support.
Moreover, this method has the potential advantage
that it is not invalidated by artefacts produced by
chest compression and thereby it can be utilised
during CPR, without detrimental interruptions of
chest compression and ventilation®?. However,

TABLE 2
Prediction of successful defibrillation attempts

Sensitivity Specificity Positive predictive value Negative predictive value
AMSA: 12 mV-HZ (all DF attempts) 54/59=0.91 148/151=0.97 54/57=0.95 148/153=0.97
AMSA: 12 mV-HZ (first DF attempt) 22/23=0.95 60/60=1 22/22=1 60/61=0.98

DF=defibrillation.
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this study did not assess AMSA during chest
compressions.

The results of the present study are consistent
with a previous retrospective analysis of
electrocardiograms of human victims of cardiac
arrest. In that study, different defibrillators with
different energies and waveform of electrical shocks
were employed. An AMSA value of 13 mV-Hz
predicted successful defibrillation, with a sensitivity
of 91% and a specificity of 94%*. These results
confirm that AMSA represents an excellent
predictor of success of an electrical shock attempt,
independently from the defibrillatory energies and
waveforms utilised.

We recognise important limitations in the present
findings. Our analysis was conduced in a variable
number of 210 episodes on 90 victims of cardiac
arrest and the outcome data reflect only initial
restoration of a perfusing rhythm rather than
hospitalsurvival. Inaddition, the potential confounding
variable of ‘hands off time before defibrillation” was
not controlled for in this study. Finally, the 2005
guidelines® introduced the single shock protocol in
order to minimise interruptions in chest compressions
and previous investigations have already reported
better outcomes with adoption of this algorithm®.
The database employed for our study presented the
sequence of ‘up to three’ escalating electrical shocks.
We did notfocus our attention on the comparison of the
effects on outcome of the first and subsequent
electrical shocks. However, when we analysed the
AMSA values that preceded the delivery of the first
shock, we confirmed the possibility to discriminate
between successful and unsuccessful defibrillation.
Moreover, sensitivity and specificity of this approach
increased. These results suggest that AMSA
approach may be useful to predict the defibrillation
outcome independently from the number of
electrical shocks and energy delivered. However,
such hypotheses require additional studies to be
proven. Nevertheless, the present study provided
consistent evidence that amplitude spectrum area
analysis represents a clinically applicable method,
derived from the electrocardiographic tracing, which
may provide a real-time indicator for prediction of
the success of defibrillation. We therefore anticipate
that the AMSA algorithm, incorporated into
conventional AEDs, will allow for a more optimal
timing of defibrillation, minimising interruption
in CPR and minimising the delivery of futile and
detrimental electrical shocks, with possible reduction
in post resuscitation myocardial injury.
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CONCLUSIONS

AMSA analysis represents a clinically applicable
method which may provide a real-time prediction
of the success of defibrillation attempts. The use
of AMSA may minimise interruptions in CPR
and reduce the delivery of futile and detrimental
electrical shocks.
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