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Pre-Clinical Study
To support pediatric usage for the ZOLL Rectilinear Bi-Phasic Waveform, ZOLL submitted
pre-clinical data to the FDA as part of a 510(k) submission for its AED Plus device (cleared by the
FDA under K033474). The protocol for this pre-clinical study, along with a summary of the results,
have been submitted to FDA under AED Plus PMA application (P160015). A summary of this study
is presented below.

To demonstrate the safety and efficacy of our Rectilinear Bi-Phasic Waveform when used to treat
pediatric VF patients, ZOLL conducted a study using a porcine model of pediatric patients less than
8 years of age. This study included 18 piglets in three (3) size groups (two (2) animals weighing 4 kg,
eight (8) animals weighing 8 kg, and eight (8) animals weighing 16 kg) and compared the
defibrillation dose/response curves observed using proposed biphasic waveform with those observed
using a standard monophasic damped sine wave (DSW) defibrillator to treat short duration (~ 30
seconds) ventricular fibrillation. The study demonstrated that the biphasic waveform defibrillates
pediatric pigs with equal efficacy but lower energy (on a Joules/kg basis) than traditional monophasic
damped sine wave defibrillators. To confirm the safety of the proposed biphasic waveform in
pediatric patients, we studied and compared measures of cardiac function before and after both DSW
and Rectilinear Bi-Phasic Waveform defibrillation shocks over a range of relevant energies. The
study demonstrated that the biphasic defibrillation produced equivalent or milder disturbances of
cardiac function when compared to traditional DSW defibrillation at the same energies.

Another animal study compared the ZOLL rectilinear biphasic (RLB) waveform to a biphasic
truncated exponential (BTE) waveform. The study, using an immature porcine model (n=21), was a
prospective, randomized, controlled design to determine the dose response curves for the RLB and
BTE defibrillation waveforms. A weight range from 4 to 24 Kg for an animal represented a pediatric
patient. The weight ranging from 4 to 8 Kg represented a patient less than 1 year old (infant subgroup),
and the weight range from 16 to 24 Kg represented a pediatric patient between the ages of 2 and 8
years (young children subgroup).

The ZOLL RLB waveform demonstrated a superior capability to defibrillate a porcine pediatric model
with < 90% of the D50 energy required for a BTE waveform (D50 energy: RLB 25.6 + 15.7 J, BTE
28.6 £17.0J, P 2 0.0232; D90 energy: RLB 32.6 + 19.1 J, BTE 37.8 £ 23.2 J, P ? 0.0228).

The ECG ST segment changes (mV) and LV pressure changes (dP/dt) following a defibrillation shock
were compared between the RLB waveform to the BTE waveform. The RLB waveform had an
average ST segment increase above baseline of 0.138 £+ 0.136 mV (N=401 shocks) compared to the
BTE waveform's average increase of 0.146 + 0.148 mV (N=396 shocks). The RLB waveform had an
average dP/dt at the 40 mmHg threshold (the point in time when an animal's blood pressure exceeded
40 mmHg spontaneously) of 1987 + 411 mmHg/s (N=496 shocks) compared to the BTE waveform's
average dP/dt of 2034 + 425 mmHg/s (N=496 shocks).

Published Clinical Data

Additional clinical data was included with PMA application P160015 to support out-of-hospital use
of ZOLL’s Rectilinear Bi-Phasic defibrillation waveform. The data reported by Hess et al in
Resuscitation (82 (2011) 685-689) is considered sufficient to support ZOLL’s defibrillation waveform
in the out-of-hospital environment. The resulting clinical paper, “Performance of a rectilinear biphasic
waveform in defibrillation of presenting and recurrent ventricular fibrillation: A prospective
multicenter study,” was included with PMA application P160015. A summary of the study is
presented below:
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Objectives: The study tested the hypothesis that shock success differs with initial and recurrent
episodes of ventricular fibrillation (VF).

Methods: From September 2008 to March 2010 out-of-hospital cardiac arrest patients with VF as the
initial rhythm at 9 study sites were defibrillated by paramedics using a rectilinear biphasic waveform.
Shock success was defined as termination of VF within 5 s post-shock. The study used generalized
estimating equation (GEE) analysis to assess the association between shock type (initial versus
defibrillation) and shock success.

Results: Ninety-four patients presented in VF. Mean age was 65.4 years, 78.7% were male, and 80.9%
were bystander-witnessed. VF recurred in 75 (79.8%). There were 338 shocks delivered for initial (n =
90) or recurrent (n = 248) VVF available for analysis. Initial shocks terminated VF in 79/90 (87.8%) and
subsequent shocks in 209/248 (84.3%). GEE odds ratio (OR) for shock type was 1.37 (95% CI 0.68—
2.74). After adjusting for potential confounders, the OR for shock type remained insignificant (1.33,
95% CI 0.60-2.53). The study observed no significant difference in ROSC (54.7% versus 52.6%,
absolute difference 2.1%, p = 0.87) or neurologically intact survival to hospital discharge (21.9% versus
33.3%, absolute difference 11.4%, p = 0.31) between those with and without VVF recurrence.

Conclusions: Presenting VF was terminated with one shock in 87.8% of cases. The study observed no
significant difference in the frequency of shock success between initial versus recurrent VF. VF
recurred in the majority of patients and did not adversely affect shock success, ROSC, or survival.
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Rhythms Total Correctly | Incorrectly Observed 90% One-sided Low
Segments Analyzed |Analyzed Performance (%) | Confidence Limit (%)
Coarse VF 536 536 0 100 99.44
Rapid VT 80 79 1 98.75 99.21
NSR 2210 2209 1 99.95 99.79
AF, SB, SVT, 819 819 0 100 99.63
Heart block,
idioventricular,
PVCs
Asystole 115 115 0 100 97.43
Fine VF 69 85 4 94.20 87.22
Other VT 28 28 0 100 89.85
No Shock |Shock Advised
Advised
Overall Non 3171 1
Performance Shockable
Shockable |5 680
7 12 ik 1taE4a R (B ERA )
Rhythms Total Correctly | Incorrectly Observed 90% One-sided Low
Segments | Analyzed |Analyzed Performance (%) | Confidence Limit (%)
Coarse VF 49 42 0 100 93.12
Rapid VT 79 79 0 100 96.28
NSR 208 208 0 100 98.57
AF, SB, SVT, 348 346 2 99.43 98.20
Heart block,
idioventricular,
PVCs
Asystole 29 29 0 100 90.19
Fine VF 0 0 0 N/A N/A
Other VT 44 36 8 81.82 89.58
No Shock |Shock Advised
Advised
Overall Non 619 10
Performance Shockable
Shockable |0 121

Fully Automatic AED Plus &1 Ffft

43



1OV BRI AR A8 B DL T 8/ & - RE Kerber, LB Becker, JD Bourland, RO Cummins,
AP Hallstrom, MB Michos, G Nichol, JP Ornato, WH Thies, RD White, BD Zuckerman,
“Automated External Defibrillators for Public Access Defibrillation:Recommendations for
Specifying and Reporting Arrhythmia Analysis Algorithm Performance, Incorporation New
Waveforms, and Enhancing Safety”, Circulation 1997, Vol 95, No 6, 1677-1681

SEIR ¢

Young KD, Lewis RJ:“What is confidence?Part 2:Detailed definition and determination of confidence
intervals”.Annals of Emergency Medicine, September 1997; 30; 311-218

“CRC Standard Mathematical Tables 28" Edition”, William H. Beyer, Ph.D., CRC Press, Inc, Boca
Raton, FL., 1981, Percentage Points, F-Distribution Table, pg 573.

44

Fully Automatic AED Plus &1 F



