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Abstract

Introduction: Guidelines recommend constant or escalating energy levels for shocks after the initial defibrillation attempt. Studies comparing survival
to hospital discharge with escalating vs fixed high energy level shocks are lacking. We compared survival to hospital discharge for 200 J escalating to
360J vs fixed 360J in patients with initial ventricular fibrillation/pulseless ventricular tachycardia in a post-hoc analysis of the Circulation Improving
Resuscitation Care trial database.

Methods and Results: Pre-shock rhythm, rhythm 5s after shock, shock energy levels, termination of ventricular fibrillation/pulseless ventricular
tachycardia (TOF), and survival to hospital discharge were recorded. Association between defibrillation strategy and survival to hospital discharge was
investigated with multivariable logistic regression. The escalating energy group included 260 patients and 883 shocks vs 478 patients and 1736 shocks
in the fixed-high energy group. There was no difference in survival to hospital discharge between escalating (70/255 patients, 28%) and fixed energy
group (132/478 patients, 28%) (unadjusted OR 1.00, 95% Cl 0.72-1.42 and adjusted OR 0.81, 95% Cl 0.54-1.22, p =0.32). First shock TOF was 86% in
the escalating group compared to 83% in the fixed-high group, p=0.27.
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Conclusion: There was no difference in survival to hospital discharge or the frequency of TOF between escalating energy and fixed-high energy group.

ClinicalTrials.gov Identifier: NCT00597207.
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Introduction

In patients requiring defibrillation the BIPHASIC trial' compared
termination of ventricular fibrillation (VF) and restoration of organized
rhythm for fixed lower-energy (150J) vs escalating higher energy
(200-300-360 J) using defibrillators with biphasic truncated exponen-
tial waveform (BTE) technology. They concluded that patients
requiring multiple shocks could benefit from higher energy levels
using the escalating energy strategy.

The 2015 European Resuscitation Council (ERC) guidelines state
that “both strategies are acceptable; however, if the first shock is not
successful and the defibrillator is capable of delivering shocks of
higher energy, it is reasonable to increase the energy for subsequent
shocks.”” and “If a shockable rhythm recurs after successful
defibrillation with ROSC, and the defibrillator is capable of delivering
shocks of higher energy, it is reasonable to increase the energy for
subsequent shocks.”

The 2015 American Heart Association (AHA) guidelines” state that
“selection of fixed vs escalating energy for subsequent shocks be
based on the specific manufacturer’s instructions” (Class lla, level of
evidence (LOE)) C-limited data (LD) and “If using a manual
defibrillator capable of escalating energies, higher energy for second
and subsequent shocks may be considered (Class llb, LOE C-LD)”.
These statements indicate that the optimal energy level (fixed low-,
escalating-, or fixed high-energy) of the first and subsequent biphasic
defibrillation attempts are not firmly established.

To add to the knowledge base, we have investigated how biphasic
defibrillation technology with escalating energy levels compared with
fixed high-energy levels (360 J) influenced rates of termination of VF/
ventricular tachycardia (VT) (TOF) and survival to hospital discharge
in a post-hoc cohort study based on the Circulation Improving
Resuscitation Care trial (CIRC) database.

Methods
Study population

CIRC® was a multicenter, randomized, controlled trial of manual
cardiopulmonary resuscitation (CPR) vs manual CPR integrated with
amechanical load-distributing band (LDB) device (AutoPulse” (ZOLL
Medical, Chelmsford, MA) in emergency medical services (EMS)
treated adult patients with cardiac arrest of presumed cardiac etiology.
Patients treated by both basic and advanced life support units
between March 5, 2009 and January 11, 2011 were eligible for
analysis if they had initial VF/VT and received at least one appropriate
shock with interpretable electronic defibrillator data from a LifePak
defibrillator. All study sites used sternal-apical pads position. Three
sites used an escalating energy strategy (first shock 200J, second
shock 200, 300 or 360J, and third shock and subsequent shocks
360 J). One site which was the biggest site used a fixed high-energy
strategy (360 J for all shocks, data from one site). This latter site had
implemented a policy of fixed 360 J defibrillation reasoning that some

individuals may benefit from more energy while no negative effect due
to increased myocardial damage had been demonstrated in human
studies."®

The CIRC-trial was approved for an exemption from informed
consent for emergency research as described in laws and regulations
in the US, Austria and the Netherlands.” AHA 2005 guidelines® were
followed at the United States (US) sites and the 2005 ERC guidelines®
at the European sites, with the exception that three minutes CPR
cycles were used.'°

Data collection and processing

Case report forms were reviewed regarding patient, pre-hospital,
hospital and outcome data between escalating group and fixed high-
energy group. Electrocardiogram (ECG) and transthoracic imped-
ance (TTI) were recorded by the defibrillators LifePak (LP) 500,
12 and/or 15 (Physio-Control, Redmond, WA, USA) and uploaded to a
central server. Physio-Control EDGE System™ Electrodes with
QUIK-COMBO" Connector were used with all defibrillators. We
excluded inappropriate shocks, shocks without analyzable pre-shock
or post-shock rhythm from TOF analysis, and patients not meeting
either escalating or a fixed energy group. Patients who received
shocks from AED Pro and/or E-Series (ZOLL Medical, Chelmsford,
MA, USA) were excluded due to those devices employing a different
defibrillation waveform technology.

Electronic files were reviewed using CODE-STAT™ 9.0 (Physio-
Control, Redmond, WA). Chest compressions and calculation of chest
compression fraction (defined as the percentage of time when the
patient received compressions during resuscitation) were annotated
based on the TTI graph.'" The value of TTI ({)) immediately before
each shock delivery was recorded. JAO and MS annotated all initial
rhythms independently. Cases where their initial rhythm annotations
differed were revisited, and consensus reached. All rhythms were
classified as asystole, pulseless electrical activity (PEA,
>10 organized complexes per minute), VF, VT, or restoration of
spontaneous circulation (ROSC). ROSC was defined as having QRS-
complexes without any TTI signal of chest compressions for more than
one minute combined with information of a palpable pulse from the
case report forms.

For each shock the following variables were recorded: pre-shock
rhythm, rhythm five seconds post-shock, impedance value immedi-
ately before each shock (£2), joules (J), and currentin ampere (A) were
recorded. Peak current was calculated based on recorded impedance
values, J as documented per shock in software used to analyze
shocks, and information on defibrillator energy delivery.*

Pre-shock rhythms were annotated in periods without detected
compressions. JAO and LW annotated together the first 200 post-
shock rhythms, which had to be evaluated during either manual or LDB
compressions. Thereafter, we annotated rhythms independently.
Post-shock rhythms were annotated during continuous chest
compressions and for continuous LDB-CPR there is an automatic
one-second compression pause after each 9th compression that was
used for a second rhythm evaluation and verification of the rhythm
analyzed during chest compressions. If this differed from the
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annotation during compressions, JAO and LW tried to reach
consensus. If consensus could not be reached, the rhythm was
classified as unknown. During M-CPR with compressions during
rhythm evaluation, the annotated rhythm was compared to the rhythm
in the pause closest to the primary annotation. Inter-rater reliability of
post-shock rhythms was determined by Kappa statistic. Cases for this
evaluation were selected using the random number generator in
SPSS.

Outcome

Primary outcome was survival to hospital discharge. Secondary
outcomes were TOF (defined as termination of VF/VT 5s after
shock®), survival to emergency department (ED) with spontaneous
circulation, and 24-h survival.

Statistical analysis

For statistical analyses SPSS version 22.0 (IBM SPSS Inc., Chicago,
IL) and R'? using the MGCV package'® were used. Normally
distributed data are presented as means with standard deviation (SD),
and skewed data as medians with 25 and 75 percentiles. The Chi-
square test for contingency tables with different degrees of freedom
was used to detect associations between categorical variables and
escalating vs fixed group. Between groups differences in continuous
variables were tested with Student t-test for normally distributed data
and Mann-Whitney U test for skewed data. Impedance change
between subsequent shocks for each patient within the escalating
group and the fixed group were calculated with a paired samples t-test.
Post-shock rhythm inter-agreement reliability with 95% confidence
interval was calculated using unweighted Kappa statistic. Logistic
regression analysis was performed to study the association between
the groups and survival to ED, 24 h, and hospital discharge. We
adjusted for confounding effects of age, witnessed arrest, cardiac
arrest location and response interval as those were identified to be
covariates in a backward elimination procedure. To account for
different study sites we included the study site as a random effectin a
mixed model. Multivariable analyses were preceded by estimation of
correlations between variables. The associations were quantified by
OR with its 95% confidence interval (OR [(95% CI), p-value]). Two
tailed p-values of less than 5% were considered significant.

Results

In CIRC 1657 (39%) of 4231 patients received shocks with analyzable
defibrillator data. A total of 912 patients had initial VF/VT, and we were
able to categorize 752 of theminto an escalating or a fixed high-energy
group. One site had no LP500/12/15 and were excluded from analysis
(n=14). In the escalating energy group 260 patients received
913 shocks and in the fixed high-energy group 478 patients received
1765 shocks (Fig. 1). Consensus on post-shock rhythm was not
reached for 59 shocks (30 escalating group, 29 fixed high-energy
group), and they were excluded from analysis. Thus 883 shocks were
included in the escalating group, and 1736 shocks in the fixed high-
energy group.

Patient characteristics and pre-hospital treatment data are
described in Table 1. Compared to the fixed-high energy group the
escalating group had higher mean age and rate of bystander CPR.
Their mean response interval was also higher, but with shorter time to

4,231 included in CIRC

2,574 patients received no shocks

L 857 patients received shack || exclusions
—_——— ]— —_———— 741 patients initial PEA/asystole or unknown initial rhythm
| jents b of no valid f shacks

160 patients uncategorizable

14 patients no LPS00/12/15 <

[ 260 patients escatating group | [ 478 patients high-enery fixed grove |

Fig. 1 - Flowchart of patients included in the analysis.

first shock after the defibrillator was turned on. Mean time from 911 call
to first shock was not different between the two groups (Table 1).
Escalating group patients received less drugs and fewer needed
multiple shocks [174/260 (67%) vs 378/478 (79%) (p < 0.001)], thus
median number of shocks was lower [2 (1-5) vs 3 (2-5), p < 0.001],
compared to fixed high-energy patients. Chest compression fraction
was not statistically different, but with lower compression rates, the
mean number of compressions per minute was lower in the escalating
than in the fixed high-energy group.

There was no difference between the groups in adjusted or
unadjusted survival to hospital discharge, 24-h survival, adjusted
survival to ED or TOF rate (Tables 2 and 3). Only unadjusted survival
to ED was significantly higher for the fixed high-energy group
(Table 2). The site which had implemented a fixed high-energy group
did not have significant different survival to hospital discharge than the
escalating energy sites for all patients included in CIRC (fixed high-
energy 273/2672 (10.2%) vs escalating energy sites 144/1420
(10.1%), (p=0.94).

Pre-shock pauses were longer in the escalating than the fixed
high-energy group both for shocks 1, 2, 3 and rest of shocks (14, 13,
9.5,7svs 4, 3, 3, 3s, p<0.001), respectively (Table 4). Post-shock
pauses were not different (Table 4).

Mean TTI measured during charging was higher and calculated
average current lower in the escalating group compared to the fixed
high-energy group for the first and second shock (p < 0.05), not for
third shock, but for the required shocks thereafter (Table 4).
Impedance changed significantly from first to second shock [mean
difference —3.0 (95% CI —4.8 to —1.1), p=0.002 and —4.2 (95% ClI
—5.6 to —2.8), p<0.001) for the escalating and the fixed group,
respectively, with no further change between second and third shock.

For the whole dataset there was no difference in TTl or mean
current for shocks that did vs those that did not terminate VF (mean TTI
84.8 +28.2 () vs 84.6 +28.3 () respectively (mean difference 0.3 ()
(95% Cl —2.6 to 3.1), p=0.86) and mean current 24.5+9.6 A vs
24.5+10.4 A, respectively (mean difference 0.0A (—1.0 to 1.0),
p=0.99)). The same was true for first shock in each group studied
separately as shown in Table 5.

Discussion

This is the first clinical study of escalating vs fixed high-energy level
biphasic defibrillation strategies. There was no difference in survival to
hospital discharge, 24-h survival, or rate of termination of VF/VT with
shocks. The secondary outcome, survival to ED, was lower in the
escalating compared with the fixed high-energy group only in the
unadjusted analysis.
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Table 1 - Prehospital and patient characteristics of treatment group.

Escalating group (n=260) Fixed high-energy group (n=478) p-Value

Mean age 64 SD 15 62 SD 14 0.02
Male gender 203 (78%) 342 (72%) 0.05
Number of iA-CPR in each group 125 (48%) 215 (45%) 0.42
Public location 86 (33%) 126 (26%) 0.06
Witnessed arrests 186 (75%) 338 (72%) 0.33
Bystander CPR 167 (68%) 216 (46%) <0.001
Median number of shocks per patient 2(1,5) 3(2,5) <0.001
Mean time from 911 call to first shock (minutes) 17 SD 15 158D 6 0.25
Mean response interval (minutes) 8SD 3 6 SD 2 <0.001
Mean time from defibrillator on to first shock® (minutes) 38D 3 48D 5 <0.001
Prehospital drug administration
Amiodarone 134 (52%) 318 (67%) <0.001
Lidocaine 2 (1%) 137 (29%) <0.001
Atropine 111 (43%) 336 (70%) <0.001
Adrenaline 210 (81%) 433 (91%) <0.001
Vasopressin 1 (1%) 375 (79%) <0.001
CPR fraction
at 5min 75.0 (67.0, 82.3) 76.0 (68.3, 82.8) 0.29
at 10min 77.0 (69.6, 82.8) 77.2 (70.8, 82.2) 0.94
at 20 min 78.5 (72.8, 84.2) 77.8 (72.1, 83.1) 0.27
Median compressions in a minute (first 10 min)° 69.2 (60.8, 82.5) 73.3 (64.7, 90.6) <0.001
Median compression rate (first 10 min)® 92.6 (80.0, 107.6) 102.4 (82.3, 118.2) <0.001
Median ventilations in a minute (first 10 min) 7.7 (5.7, 11.0) 7.5(5.7,9.8) 0.35
Median is described with 25% and 75% percentile.
Mean described with standard deviation (SD).
2 For time analyses negative time and time above 1 h excluded.
© A mixture of cases with LDB-device which delivers 80 compressions/min and manual CPR which should deliver 100/min.
Table 2 - Comparison of clinical outcome by treatment group.
Outcomes Escalating group Fixed high-energy group Unadjusted odds ratio Adjusted® odds ratio

n=260 (%) n=478 (%) (95% Cl) (95% Cl)
Survival to hospital discharge 70/255 (28%)? 132/478 (28%) 1.00 (0.72-1.42), p=0.96 0.81 (0.54-1.22), p=0.32
Survival to 24 h 112/255 (44%)? 235/477 (49%)° 1.24 (0.91-1.68), p=0.17 1.06 (0.74-1.52), p=0.76
Survival to emergency 104/260 (40%)" 258/478 (54%) 1.76 (1.30-2.39), p < 0.001 1.55 (0.93-2.61), p=0.10
Department

& Missing outcome data for 5 patients.

b Missing outcome data for 1 patient.

¢ Adjusted for age, witnessed, location and response interval.

d Patients with no ROSC who were taken to ED achieved ROSC and consequently contribute to the number of survivals to 24 h.

Table 3 - Shock success by treatment group.

Escalating group, n=883 (%) Fixed high-energy group, n=1736 (%) p-Value
Termination of VF/VT
First shock 221/257 (86%) 392/473 (83%) 0.27
Second shock 143/173 (83%) 286/371 (77%) 0.15
Third shock 87/107 (81%) 240/303 (79%) 0.64
Rest of shocks 280/346 (81%) 498/589 (85%) 0.15
All shocks 731/883 (83%) 1416/1736 (82%) 0.44

A higher rate of ED admittance with ROSC is beneficial if it of ED admittance in the fixed high-energy group was unfortunately not
increases the number of patients discharged from hospital with good followed by a higher rate of survival to hospital discharge.
neurologic outcome. If not, it places an extra burden on the healthcare The fixed high-energy group more frequently received drugs, which
system without long-term benefit. In the current study, the higher rate in randomized studies has increased the rate of hospital admission with
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Table 4 - Current, impedance, pre- and post-shock values by treatment group.

Shock Escalating group Fixed high-energy group
number
Number Current Impedance Median pre- Median post- Number Current Impedance Median pre- Median post-
of (A) (SD)  (2) (SD) shock pause shock pause of (A) (SD) (L) (SD) shock pause shock pause
shocks (seconds) (seconds) shocks (seconds) (seconds)
(IQR) (IQR) (IQR) (IQR)
First 257 18.5(6.7)  85.7 (26.4)" 14 (3-19)" 5 (4-8) 473 27.4(11.1) 79.2 (27.0) 4 (2-8) 5 (4-8)
shock
Second 173 21.6(9.5) 89.3(28.6)  13(+19)" 4 (3-7) 371 25.6 (9.6)  83.4 (29.1) 3 (1-5) 4 (3-7)
shock
Third 107  24.2(12.0) 90.0 (30.7) 9.5 (1-20)" 4 (3-8) 303  25.5(10.1) 83.6 (28.6) 3 (+5) 4.5 (3-7)
shock
Rest of 346  23.6(11.5) 91.0(30.3) 7 (+19)" 4 (3-7) 589  25.1(9.2) 83.7 (26.5) 3 (0-5) 4 (3-7)
shocks

Mean described with standard deviation (SD).
" p<0.05.
7p<0.01.

" p <0.001 between escalating group and fixed group.

Table 5 - Transthoracic impedance and current for first shocks with successful vs unsuccessful termination of VT/

VF in the escalating and fixed high-energy groups.

Termination of VF/VT (TOF) Escalating group

Fixed high-energy group

TOF+ TOF— Mean difference p Value TOF+ TOF— Mean difference p Value
Mean impedance ({2) 90.3 (36.2) 84.9 (24.5) 5.3(-7.3t0 18.0) 0.4 79.0 (27.8) 80.5(22.4) 1.6 (—5.0t08.1) 0.64
Mean current (A) 18.8(8.5) 18.5(6.4)  0.25(-2.1102.6) 0.84 27.7 (11.7) 257 (7.4) 2.0 (—4.0t00.1) 0.05

TOF — termination of fibrillation.
Mean described with standard deviation (SD).

spontaneous circulation without increasing the rate of hospital
discharge alive."*'® Meta-analysis of randomized studies analyzing
both adrenaline and vasopressin found no different outcome for these
drugs,'” and a recent randomized controlled trial found no benefit of
either lidocaine or amiodarone compared to placebo.'®

More shocks were administered to the fixed high-energy group than
the escalating group. This result could be coincidental, but we cannot rule
out more drugs delivered to the fixed-high group could influenced the
result. Both amiodarone and adrenaline have shown to increase survival
to ED in patients with shock resistant VF.'*'92° A higher number of
shocks may imply a lower rate of shock success (or higher rate of
recurring VF) and a larger drug dose may be most likely due to more
cycles of CPR (more shocks). Therefore, there may be hidden
confounders, like comorbidities and socio-economic status that explains
the difference. There is a difference in trends between survival to
discharge vs survival to ED. We may speculate that higher energy causes
more myocardial stunning. If some areas in the myocardium remain
stunned for longer than others, this might promote re-entry circuits similar
to those caused by scars. This may cause a higher percentage of
recurrent VF (vs refractory) in the high energy cases.

Termination of VF/VT (TOF)

The present TOF values (77-86%), irrespective of group or number of
shocks, are comparable with previous reported TOF of 79%-98% with

150-360J biphasic truncated exponential defibrillators.’2*2° Stiell
etal." reported higher rate of TOF in patients requiring multiple shocks
with escalating energy compared to fixed energy of 150 J, 83% vs 71%
(p=0.027), respectively. In the present study the fixed high-energy
was 360 J, and the difference in results may be due to the difference in
fixed energy levels.

TOF, transthoracic impedance (TTI) and calculated peak
current

Chen et al found in retrospective analysis that current-based
impedance compensated defibrillation resulted in equivalent TOF
rate for patients with high and low TTI.>* Biphasic defibrillators
compensate for variations in TTI by adjusting the waveform to deliver
the optimal amount of current.®> TTI was higher in the escalating
group, which cannot readily be explained. All sites used the same
defibrillator pads. Kerber et al described that TTI was related to chest
size, paddle size, and firmness of paddle application to the chest.?®
Earlier studies have indicated decreased TTI with subsequent shocks
both for monophasic®® and biphasic defibrillators, but the biphasic
study by Deakin et al. was with elective cardioversion starting at 70 J
for atrial fibrillation/flutter.?” Chen et al. found decreased TTI from
shock 1 to 2 and from 2 to 3, but not after the third.>* In the present
study TTl decreased in both groups from first to second shock, but not
thereafter. Studying OHCA patients Walker et al concluded that TTI
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change between consecutive shocks was minimal and inconsistent.?®

Average calculated transthoracic peak current were significantly
higher in the fixed group for first, second, and rest of shocks, but this
did not yield significantly higher TOF in the fixed group. First shock TTI
and calculated mean current within the escalating and the fixed group
that did not terminate VF were not significantly different from shocks
that did terminate VF. This was also true when analyzing all shocks.

Some have advocated the development of current-based biphasic
defibrillators.?® The Physio-Control defibrillators used in this study
measure impedance, before starting to charge, with a high-frequency
carrier signal passed through the thorax to calculate correct charge
voltage for the capacitor. For carrier frequency impedance (CFl)
above 60 ohms, the voltage increases slightly linearly (at 200 ohms it
is only up by 10-15%). Small variations in CFI will make very little
difference in charge voltage. If the shock is at the 360 J setting, the
defibrillator uses its maximum charge voltage for all transthoracic
impedances.

Since in CIRC mechanical chest compression was not stopped for
defibrillation we cannot rule out that this may have influenced our
results. Olsen et al recently reported that TOF was lower with
defibrillation during continuous LDB compressions for the first shock
based on retrospective data from the CIRC trial.>° During ongoing
compressions, there is zero pre-shock pause and zero post-shock
pause. One study published in 2010 found that chest compressions
could case recurrence of VF after the first successful conversion by
defibrillation.®' This was questioned by a more recent study from 2014,
which found no relationship between chest compression resumption
and VF recurrence after analyzing all shocks.? Current CPR guidelines
currently emphasizes early resumption of chest compressions.?

Pre- and post-shock pauses

Pre-shock pause was significantly longer in the escalating compared
to the fixed high-energy group (median 13s, IQR 119, vs median 3s,
IQR 0-7, p < 0.001, respectively). Shorter pre-shock chest compres-
sion pause duration has been reported to be associated with higher
rate of TOF,?® and survival to hospital discharge.®*>* This was not the
case in the present study where neither rate of TOF nor survival to
hospital discharge were higher in the fixed high-energy group.
Brouwer et al. also failed to show an association between pre-shock
pause and TOF,*® while a previous report from CIRC found such an
association for LDB-CPR, but not for manual CPR.*° It is difficult to
explain this variability. It may be related to a threshold in the chest
compression pause duration before it has a negative influence, or the
association may be site related.

Limitations

The original CIRC study was not randomized for escalating vs fixed
high-energy defibrillation, but for two chest compression strategies.’
The present study is post-hoc analysis of data from one study site,
which had implemented a fixed high-energy strategy vs three other
sites in CIRC with escalating energy strategies.® Post-resuscitation
care with a documented effect on survival was not standard-
ized.'®337 The high energy site’s survival to hospital discharge
did not show a significant difference from the escalating energy sites
for patients all patients included in CIRC-trial. Baseline data in the two
groups are skewed, but there was no significant difference in results
after adjusting for confounding effects of age, witnessed arrest,

cardiac arrest location and response interval as those were identified
to be covariates in a backward elimination procedure. Other factors
such as frequency of witnessed arrests, public location, time from
911 call to first shock, and CPR fraction were not different between the
groups. It still cannot be ruled out that other between-sites differences
such as administration of drugs not accounted for may have
influenced outcome in this non-randomized comparison.®*°

Conclusion

There was no difference in survival to hospital discharge or the
secondary outcomes rates of TOF and 24-h survival when adjusted for
covariates between the fixed high-energy and the escalating energy
groups. This post-hoc hon-randomized analysis should be interpreted
with caution.
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