Can a return of spontaneous circulation be achieved faster In a resuscitation algorithm that directs the
duration of post-shock chest compressions according to the pre-shock value of the amplitude-spectral area?
A study of VF cardiac arrest in normal swine

ABSTRACT

Background: We have previously demonstrated in a swine model of
cardiac arrest due to ventricular fibrillation (VF) that a return of
spontaneous circulation (ROSC) following a shock is predicted by the
amplitude spectral area (AMSA), a quantitative measure of the VF
waveform. These prior studies were a retrospective analysis of the VF
waveform prior to shocks. \We now have devised a resuscitation algorithm
that uses the value of AMSA In real time to direct the duration of post-
shock chest compressions. We hypothesized that such an algorithm would
shorten the time needed to achieve ROSC in normal swine.

Methods: VF was induced electrically in normal swine and untreated for
10 minutes. Resuscitation was commenced with 1 minute of chest
compressions, resumption of mechanical ventilation, followed by the first
shock and administration of epinephrine. Subsequently, animals were
randomized to a traditional or waveform guided group. In the traditional
group, all shocks were followed by 2 minutes of post-shock chest
compressions. In the waveform guided group, AMSA was measured prior
to each shock and if AMSA>20 mV-Hz then post shock chest compression
duration was shortened to 1 minute. ROSC was defined as a systolic aortic
pressure greater than 50 mm Hg and pulse pressure > 20 mm Hg lasting at
least one minute. Time to ROSC was compared with a Kruskal-Wallis rank
test. AMSA was compared between groups using regression analysis with
random effects to account for multiple shocks within the same animal.

Results: A total of N=8 animals were assigned to the traditional group with
22 shocks delivered, and N=8 animals to the waveform guided group with
21 shocks delivered. Time to ROSC (from induction of VF) was 14.5 £1.2
minutes in the traditional group and 13.5+ 1.2 minutes in the waveform
guided group, but was not statistically significant (P=0.2). There was a
trend for higher AMSA values in the waveform guided group: 48 £ 15
versus 39 £ 16 mV-Hz (P=0.1).

Conclusions: A resuscitation algorithm that tailors the duration of post-

shock chest compressions to the value of AMSA is feasible. In this small
study of normal swine we found small, but non-significant, reductions in
the times to achieve ROSC and higher values of AMSA In swine treated
with a waveform guided approach.

Backaround

Out of hospital cardiac arrest is estimated at 295,000 cases per year in the
United States, with 23% due to an initially shockable rhythm, ventricular
fibrillation (VF) or pulseless ventricular tachycardia. Survival to hospital
discharge for out of hospital cardiac arrest with an initial rhythm of
ventricular fibrillation (VF) has improved over the past two decades, with
survival of order 40% when continuous chest compressions are
emphasized, and including advances in post-resuscitation care including
therapeutic hypothermia. Nonetheless, the resuscitation of cardiac arrest
victims with ventricular fibrillation can be markedly prolonged and require
multiple shocks to ultimately attain a sustained return of spontaneous
circulation (ROSC).

Analysis of the electrical waveform of ventricular fibrillation, with for
example the amplitude spectrum area (AMSA), has shown promise to
predict a return of spontaneous circulation (ROSC) in retrospective
analyses of swine and human data.

We now have devised a resuscitation algorithm that uses the value of
AMSA In real time to direct the duration of post-shock chest compressions.
We hypothesized that such an algorithm would shorten the time needed to
achieve ROSC in normal swine.
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METHODS

Ventricular fibrillation was induced with a 100Hz alternating current
delivered through a pacing catheter in the right ventricle in normal swine
and left untreated for 10 minutes. Resuscitation was commenced with 1
minute of chest compressions, resumption of mechanical ventilation,
followed by the first shock and administration of epinephrine. Epinephrine
was administered every 3 minutes after the first dose. Animals were then
randomized to a traditional or waveform guided group. The traditional
group followed the ACLS guidelines for resuscitation of all shocks
followed by 2 minutes of post-shock chest compressions until ROSC is
achieved or resuscitation efforts are stopped. In the waveform guided
group, AMSA was measured prior to each shock and if AMSA>20 mV-Hz
then post shock chest compression duration was shortened to 1 minute.
ROSC was defined as a systolic aortic pressure greater than 50 mm Hg and
pulse pressure > 20 mm Hg lasting at least one minute.

Untreated VF
(10 minute duration)
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STEP 1: Continuous chest compressions at 100 per
minute (CCC) with mechanical ventilations at 10
per minute for 60 seconds

STEP 2: Rhythm analysis, AMSA calculation,
ETCO2 recording

STEP 3:
First Shock — 150J defibrillation followed by resumption
of CCC and mechanical ventilation for ONE minute.
First dose of epinephrine — 1 mg administered 1V, repeat
dose every 3 minutes.
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CCC and Rhythm: CCC and Rhythm: Single 150 J
mechanical mechanical defibrillation, followed
ventilations for IF AMSA>20 - Single ventilations for by resuming CCC and
TWO minutes 150J defibrillation followed TWO minutes mechanical
by resuming CCC and ventilations for TWO
mechanical ventilations for minutes

ONE minute

IF AMSA< 20 - Single
150J defibrillation followed
by resuming CCC and
mechanical ventilations for
TWO minutes
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Return to rhythm analysis (STEP 4)
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Return to rhythm analysis (STEP 4)
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Perfusing rhythm: Continued lack of
1 hour observation, perfusing rhythm:
24 hour convalescence, Resuscitation attempts
neurological evaluation, to continue until 30
and then euthanization minutes have elapsed

RESULTS

A total of 8 animals (N=8) were assigned to the traditional group with 22
shocks delivered overall. A total of 8 animals (N=8) were assigned to the
waveform guided group with 21 shocks delivered overall.

Time to ROSC was measured from the induction of VF. The traditional
group had an average of 14.5 £1.2 minutes to ROSC, while the waveform
guided group had an average of 13.5+ 1.2 minutes to ROSC. Time to
ROSC was compared with a Kruskal-Wallis rank test. The difference was
found to be not statistically significant with a p-value of 0.2 (p=0.2).
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AMSA was compared between groups using regression analysis with
random effects to account for multiple shocks within the same animal.

There was a trend for higher AMSA values In the waveform guided group:

48 + 15 versus 39 + 16 mV-Hz (p=0.1).
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DISCUSSION

The results from this small scale pilot study are promising and show that a
realtime assessment of AMSA to guide the duration of chest compressions
IS feasible. We found a small, but non-significant, reduction in the time to
achieve ROSC in normal swine who were treated with the waveform
guided approach over the traditional approach. e also found small, but
non-significant, increases in the values of AMSA in swine treated with the
waveform guided approach.

CONCLUSION

This small scale study showed a trend toward significance in both time to
ROSC and AMSA values for the waveform guided approach over the
traditional approach of defibrillation.

REFERENCES

Lloyd-Jones D, et al. Heart disease and stroke statistics--2010 update: A
report from the american heart association. Circulation. 2010;121:e46-e215

Nichol G, et al. Regional variation in out-of-hospital cardiac arrest
Incidence and outcome. JAMA. 2008;300:1423-1431

Garza AG, Gratton MC, Salomone JA, Lindholm D, McElroy J, Archer R.
Improved patient survival using a modified resuscitation protocol for out-
of-hospital cardiac arrest. Circulation. 2009;119:2597-2605

Bobrow BJ, Ewy GA, Clark L, Chikani V, Berg RA, Sanders AB,
Vadeboncoeur TF, Hilwig RW, Kern KB. Passive oxygen insufflation is

superior to bag-valve-mask ventilation for witnessed ventricular fibrillation
out-of-hospital cardiac arrest. Ann Emerg Med. 2009;54:656-662 €651

Kellum MJ, Kennedy KW, Barney R, Keilhauer FA, Bellino M, Zuercher
M, Ewy GA. Cardiocerebral resuscitation improves neurologically intact

survival of patients with out-of-hospital cardiac arrest. Ann Emerg Med.
2008:52:244-252

Rea TD, Pearce RM, Raghunathan TE, Lemaitre RN, Sotoodehnia N,
Jouven X, Siscovick DS. Incidence of out-of-hospital cardiac arrest. Am J
Cardiol. 2004;93:1455-1460

Neumar RW, et al. Part 8: Adult advanced cardiovascular life support: 2010
american heart association guidelines for cardiopulmonary resuscitation
and emergency cardiovascular care. Circulation. 2010;122:5729-767

Nowak CN, Fischer G, Neurauter A, Wieser L, Stronmenger HU.
Prediction of countershock success: A comparison of autoregressive and

fast fourier transformed spectral estimators. Methods Inf Med.
2009;48:486-492

Indik JH, Allen D, Shanmugasundaram M, Zuercher M, Hilwig RW, Berg
RA, Kern KB. Predictors of resuscitation in a swine model of ischemic and
nonischemic ventricular fibrillation cardiac arrest. Superiority of amplitude
spectral area and slope to predict a return of spontaneous circulation when
resuscitation efforts are prolonged. Crit Care Med. 2010;38:2352-2357

SARVER
HEART

Arizona | CENTER




	�Can a return of spontaneous circulation be achieved faster in a resuscitation algorithm that directs the �duration of post-shock chest compressions according to the pre-shock value of the amplitude-spectral area? �A study of VF cardiac arrest in normal swine�Meghan McGovern, Daniel Allen, Fahd Chaudhry, Ronald Hilwig, Karl Kern and Julia Indik�Sarver Heart Center, University of Arizona, Tucson, Arizona�

