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Editorial comment

Background: We aimed to investigate the effect of automated
external defibrillator (AED) feedback mechanisms on survival in
out-of-hospital cardiac arrest (OHCA) victims. In addition, we
investigated converting rates in patients with shockable rhythms
according to AED shock waveforms and energy levels.

Methods: We collected data on OHCA occurring between 2011
and 2014 in the Capital Region of Denmark where an AED was
applied prior to ambulance arrival. Patient data were obtained
from the Danish Cardiac Arrest Registry and medical records.
AED data were retrieved from the Emergency Medical Dispatch
Centre (EMDC) and information on feedback mechanisms, energy
waveform and energy level was downloaded from the applied
AEDs.

Results: A total of 196 OHCAs had an AED applied prior to
ambulance arrival; 62 of these (32%) provided audio visual (AV)
feedback while no feedback was provided in 134 (68%). We
found no difference in return of spontaneous circulation (ROSC)
at hospital arrival according to AV-feedback; 34 (55%, 95% confi-
dence interval (CI) [13-67]) vs. 72 (54%, 95% CI [45-62]), P =1
(odds ratio (OR) 1.1, 95% CI [0.6-1.9]) or 30-day survival; 24
(39%, 95% CI [28-51]) vs. 53 (40%, 95% CI [32-49]), P = 0.88
(OR 1.1 (95% CI [0.6-2.0])). Moreover, we found no difference in
converting rates among patients with initial shockable rhythm
receiving one or more shocks according to AED energy waveform
and energy level.

Conclusions: No difference in survival after OHCA according to
AED feedback mechanisms, nor any difference in converting rates
according to AED waveform or energy levels was detected.

In out of hospital cardiac arrest situations, automated external defibrillators in current use may
have different functions. In this study, results from defibrillation were compared in a major city
cohort, some with audio-visual feedback from the defibrillator, and different biphasic waveforms
and energies. No improvement in recovery or survival was noted in association with feedback or

specific shock waveform.
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Each year, around 275,000 suffers an OHCA in
Europe and aggregated survival rates at hospital
discharge is below 8%."* Many initiatives have
been taken to improve survival, including efforts
to strengthen and increase bystander cardiopul-
monary resuscitation (CPR). The most recent
European Resuscitation Council (ERC) guideli-
nes emphasise the importance of the interaction
between the emergency medical dispatcher, the
bystander providing CPR, and early deployment
of an AED.” Early defibrillation with use of pub-
licly accessible AEDs is associated with high sur-
vival rates,®'® and registration of these AEDs
into networks linked to EMDC may help to opti-
mise timely deployment, thereby enhancing
early defibrillation before arrival of the emer-
gency medical services (EMS).'" 13

Furthermore, ERC highlights the importance
of CPR quality, including compression depth
and frequency which is often found to be inade-
quate.'*'” The use of AEDs providing feedback
on CPR, either in the form of AV-feedback with
verbal prompts and visual indication of com-
pression depth and frequency or a metronome,
could be a useful strategy to improve CPR qual-
ity,'*!'” and is recommended by the Danish
Health Authority and ERC.>*°

While AED models alternate in electrical fea-
tures encompassing shock waveform and shock
energy levels, clinical effects of AED feedback
mechanisms and electrical features are yet to be
investigated.

In this study, we investigated the effect of
AED feedback mechanisms on survival in
OHCA victims, where an AED was applied
prior to ambulance arrival. We primarily exam-
ined ROSC rates at hospital arrival according to
AED feedback mechanism, as we hypothesised
that the use of AEDs providing AV-feedback on
CPR quality would result in higher proportion
of patients achieving ROSC. In addition, we
sought to investigate converting rates in patients
with shockable rhythms according to different
shock waveforms and energy levels.

Methods

Study setting

The Capital Region of Denmark is one of five
administrative regions in Denmark comprising

approximately 2500 km?, including both urban
and rural areas, with a population of 1.7 mil-
lion. The region is covered by approximately
4000 AED'’s registered within The Danish AED
online network (http://www.hjertestarter.dk/Ser
vice-Pages/InEnglish). The Network was estab-
lished by the private foundation Trygfonden
(trygfonden.dk) in 2007, and all AEDs are vol-
untarily registered with exact address, specific
location and hours of accessibility. This infor-
mation is available online and linked to the
EMDC across the country, with the possibility
of referring a bystander to the nearest available
AED in the event of OHCA. The system is
described in detail elsewhere.'!

The EMS in the Capital Region of Denmark is
a two-tiered system comprising ambulances pro-
viding basic life support including defibrilla-
tion, and physician-staffed mobile critical care
units providing additional advanced life sup-
port. In the event of a cardiac arrest, both tiers
of response are activated simultaneously. Data
on each OHCA are systematically and prospec-
tively recorded by the physician at scene in the
prehospital medical record and maintained in a
database at the EMDC in Copenhagen. In addi-
tion, EMS-personnel are required to complete a
short case-report form for the Danish Cardiac
Arrest Registry for every resuscitation-attempted
OHCA.

To conduct systematic follow-up, all applied
AEDs are brought to the EMDC in Copenhagen
where  electrocardiogram  (ECG)-data  are
retrieved. ECG data are sent to the receiving
hospital and the AED is returned to the

owner.21

AED models, electrical waveforms and
energy levels

Reflecting the voluntariness of AED registration,
The AED network covering the Capital Region
of Denmark consists of approximately 27 differ-
ent AED models with different designs and
electrical features. Some AEDs provide AV-feed-
back while others use a metronome to guide
CPR or provide no feedback or guidance at all.
Devices using AV-feedback are designed differ-
ently according to type, but all AV-feedback
devices in this study included visual feedback
on the display of the AED, indicating current
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SURVIVAL ACCORDING TO AED FEEDBACK

compression depth and frequency whilst mark-
ing the ideal interval, and verbal prompts,
encouraging and correcting the CPR provider
while giving CPR. Moreover, some devices with
AV-feedback also provide a metronome.

Regarding AED shock waveforms, all models
operate with biphasic waveforms, either Recti-
linear Biphasic Waveform (RBW) or Biphasic
Truncated Exponential (BTE) waveform that
operate at different energy levels (Joule) accord-
ing to recommendations and manufacturers.

Study population and data collection

In this observational study, we included
patients in whom an AED was applied prior to
ambulance arrival from 27 October 2011
through 26 October 2014.

All OHCA cases were included regardless of
cause. Baseline data on OHCA were obtained
from the prehospital medical records maintained
by the EMDC, and from the Danish Cardiac
Arrest Registry. These data included age, sex,
public location, response time, bystander wit-
ness, bystander CPR, and if a shockable rhythm
was present.

Data on ROSC outcome were acquired from
The Danish Cardiac Arrest Registry; in case of
missing information, medical records from the
admitting hospital were reviewed to extract the
information. Information on 30-day survival was
acquired from the Danish Civil Registration Sys-
tem??, which contains information on patients’
survival status. The reporting of OHCA cases
was in accordance with the Utstein template.>*

Information on first recorded heart rhythm,
shocks and potential conversion was obtained
by evaluation of ECG downloads from applied
AEDs. Each ECG was analysed independently
by two of the authors and subsequently com-
pared. A third assessor reviewed the ECG in
case of disagreement. Information on AED mod-
els was retrieved from the online AED network.
A questionnaire was sent to AED manufactures
acquiring data on feedback mechanisms, wave-
forms and energy levels according to model.

Ethics

According to Danish law, ethical approval is not
required for registry-based studies.

Acta Anaesthesiologica Scandinavica 61 (2017) 1345-1353

The study, and the processing of personal
data, was approved by the Danish Health
Authority (J. no. 7-604-04-2/319/KWH) and
the Danish Data Protection Agency (J. no. 30-
0616).

Statistics

Continuous variables are reported as medians
with their associated inter quartile range
[IQR] and a Mann-Whitney U test was used
for comparisons between groups. For categori-
cal data, we report absolute numbers and pro-
portions. Comparisons were done using
Fisher’'s exact test. For all analyses, a two-
sided value of P < 0.05 was considered statisti-
cally significant.

Power calculation: we calculated that a sample
of 190 OHCAs, assuming equal distribution of
AV-feedback mechanisms, would allow us to
detect a difference in the proportion of ROSC
upon hospital arrival between 40% and 60%
with a statistical power of at least 80% at the
5% significance level. With unequal group sizes
according to AV-feedback in the ratio 1:2, a
sample of 214 OHCAs was appropriate.

Statistical analyses were performed using the
SAS Enterprise Guide statistical software pack-
age, version 6.1 (SAS Institute Inc., Cary, NC,
USA).

Results

During the 3-year study period, a total of 5821
OHCA patients in The Capital Region of Den-
mark, were registered in The Danish Cardiac
Arrest Registry. Of these, 218 (3.7%) cases had
an AED applied prior to ambulance arrival; 22
cases were excluded because no civil registra-
tion number was recorded. Hence, we included
196 OHCA cases for further analyses (Fig. 1).
Overall, 3580 AEDs were registered within the
Danish AED online network at the end of
2014. AED characteristics are shown in
Table S1.

Feedback mechanisms and outcome

In 62 (32%) cases, the applied AED provided
AV-feedback while no feedback was provided
in 134 (68%) cases. In the latter group, an AED

© 2017 The Authors. Acta Anaesthesiologica Scandinavica published by John Wiley & Sons Ltd on behalf of Acta Anaesthesiologica Scandinavica Foundation 1347
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1.7 million served by EMS
(Capital Region of Denmark)

l

5821 Patients with OHCA
Registered in the Danish Cardiac Arrest Registry

v

218 OHCAs
with AED applied prior to ambulance arrival

196 OHCAs
with AED applied prior to ambulance arrival
Included in analysis

S 5603 excluded
No AED applied prior to ambulance arrival
22 excluded
> Missing civil registration number

Fig. 1. Patient flow, 27 October 2011 to 26 October 2014. EMS, Emergency Medical Services; OHCA, Out-Of-Hospital Cardiac Arrest; AED,

Automated External Defibrillator.

with a metronome was used in 77 cases. There
was no difference in Utstein core elements
between groups (Table 1).

Overall, ROSC upon hospital arrival was
achieved in 106 (54%, 95% CI [47-61]) and
30-day survival in 77 (40%, 95% CI [33-
47)).

When the AED provided AV-feedback, ROSC
upon hospital arrival was achieved in 34 (55%,
95% CI [13-67]) cases and if no feedback was
provided, ROSC was achieved in 72 (54%, 95%
CI [45-62]) cases, P=1 (OR 1.1, 95% CI [0.6—
1.9]). Moreover, we found no difference in 30-
day survival according to AV-feedback. Accord-
ingly, 30-day survival rates were 24 (39%, 95%
CI [28-51]) with AV-feedback and 53 (40%,
95% CI [32-49]) without AV-feedback, P = 0.88
(OR 1.1 (95% CI [0.6-2.0])) (Table 2).

Also, when comparing AEDs providing
metronome with AEDs without any feedback or
metronome, we found no significant difference
in ROSC or 30-day survival; 43 (56%, 95% CI

[44-67]) vs. 29 (51%, 95% CI [37-64]), P = 0.6
and 31 (41%, 95% CI [30-53]) vs. 22 (39%,
95% CI [27-53]), P = 1.

Shock waveforms, energy levels and
converting rates

Initial shockable rhythm was detected in 94
(49%) OHCA cases and one or more shocks
were delivered by the applied AED in 85 cases.
In these cases, 54 (64%) AEDs used biphasic
truncated exponential waveform and 31 (36%)
used rectilinear biphasic waveform.

In patients where a biphasic truncated expo-
nential waveform was used, 37 (69%, 95% CI
[54-80]) obtained sinus rhythm compared with
22 (71%, 95% CI [52-86]) cases where a recti-
linear biphasic waveform was used, (OR 0.9,
95% CI [0.3-2.3], P = 1) (Table 3).

Before conversion to a rhythm resembling
sinus rhythm, 42 (71%) OHCA patients with an
initial shockable rhythm were shocked one

Acta Anaesthesiologica Scandinavica 61 (2017) 1345-1353
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Table 1 Out-of-hospital cardiac arrest patients with an AED applied prior to ambulance arrival.

AEDs with AV-feedback (n = 62)* AEDs without AV-feedback (n = 134)* P value
Age, median (IQR), years 6 (49-76) 9 (58-81) 0.10
Men, n (%) 1 (66.1) 7 (64.9) 1
Public Location, n (%)t 7 (80.4) 0 (86.9) 0.32
Response Time, median (IQR), mint 6 (5-8) 7 (5-9) 0.39
Bystander Witnessed, n (%) 9 (73.6) 3 (72.3) 1
Bystander CPR, n (%) 3 (100) 5 (94.1) 0.09
Shockable Rhythm, n (%)§ 0 (48.4) 4 (47.8) 1

*Number of patients with missing value for the cardiac arrest-related variables: ‘Bystander Witnessed’, ‘Bystander CPR’ and ‘Public Location’:
n=9,n=9, and n =33, respectively. tPublic Location defined as all areas accessible to the general public all hours all day. finterval
between call to the EMS and ambulance arrival. §First recorded rhythm. AED, Automated External Defibrillator; AV, Audio Visual; IQR, Inter
Quartile Range; CPR, Cardiopulmonary Resuscitation.

Table 2 Outcome in out-of-hospital cardiac arrest patients with an AED applied prior to ambulance.

AEDs with Audio-Visual feedback AEDs without Audio-Visual feedback P value

ROSC at Hospital Admission, n (%)

All Rhythm (n = 62 vs. n = 134)*

Shockable Rhythm (n = 30 vs. n = 64)t

Non-Shockable Rhythm (n =31 vs. n = 71)%
30-day Survival, n (%)

All Rhythm (n = 62 vs. n = 132)*'§

Shockable Rhythm (n = 30 vs. n = 62)+'§

Non-Shockable Rhythm (n = 31 vs. n = 71)%

34 (55%, 95% CI [43-67])
4 (80%, 95% CI [62-91])
10 (31%, 95% Cl [18-49])

24 (39%, 95% Cl [28-51])
20 (67%, 95% CI [49-81))
4 (13%, 95% CI [12-58])

72 (54%, 95% CI [45-62])
50 (78%, 95% Cl [67-87])
22 (31%, 95% CI [22-43])

53 (40%, 95% Cl [32—49]) 0.88
41 (66%, 95% CI [54-77]) 1
12 (17%, 95% CI [10-30]) 0.77

*All Rhythm: ventricular fibrillation, pulseless ventricular tachycardia, asystole or pulseless electrical activity. tShockable Rhythm: ventricular
fibrillation or pulseless ventricular tachycardia. $Non-Shockable Rhythm: asystole or pulseless electrical activity. §Two patients with missing

Table 3 Conversion rate in out-of-hospital cardiac arrest
patients with initial shockable rhythm, receiving one or more
shocks, according to AED shock waveforms.

Biphasic truncated Rectiliniear
exponential (n = 54)  biphasic (n =31) P value

Converted, 37 (69%, 95%
n (%) Cl [54-80])

22 (71%, 95% 1
Cl [52-86))

time, 11 (18.6%) patients two times, two (3.4%)
patients three times, one (1.7%) patient four
times and two (3.4%) patients were shocked
five times respectively. In 57 (67%) cases, first
shock was delivered with an energy level of
150 J or less, 19 (22%) used energy level above
150 J, and nine (11%) used impedance specific
energy level. We found no significant difference

Acta Anaesthesiologica Scandinavica 61 (2017) 1345-1353

Civil Registration Number. AED, Automated External Defibrillator; AV, Audio Visual; ROSC, Return Of Spontaneous Circulation.

in converting rates according to AED energy
level, (Table 4).

Discussion

The main finding of this study was that there
was no difference in ROSC upon hospital arri-
val for OHCA patients in whom an AED with
AV-feedback was used compared with patients
in whom an AED without AV-feedback was
used. Moreover, we found no difference in
ROSC or 30-day survival rates when comparing
AEDs providing metronome with AEDs without
any feedback mechanisms, and there were no
differences in converting rates according to AED
shock waveforms or energy levels.

A strength of this study is the study design,
which allowed us to study OHCA in real-life
settings with evaluation of survival outcome
measures (ROSC and 30-day survival) according

© 2017 The Authors. Acta Anaesthesiologica Scandinavica published by John Wiley & Sons Ltd on behalf of Acta Anaesthesiologica Scandinavica Foundation 1349
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AED shock energy level.

Table 4 Conversion-rate in out-of-hospital cardiac arrest patients with initial shockable rhythm, receiving one or more shocks, according to

Energy level <150 J (n = 57)

Energy level > 150 J (n = 19)

Energy level impedance specific (n = 9) P value

Converted, n (%) 38 (67%, 95% Cl [53-79])

14 (74%, 95% CI [49-91])

7 (78%, 95% CI [40-97)) 0.8

to bystanders use of AEDs with or without AV-
feedback. Most other investigations on AED
AV-feedback are mannequin studies focusing on
surrogate measures, such as compression depth
and frequency.**?®

However, several limitations should be con-
sidered when interpreting our results. First, we
assessed outcomes according to AED feedback
mechanisms in The Capital Region of Denmark,
a rather densely populated region with a
relatively high number of OHCAs occurring in
public locations, which might not be generalis-
able to either the rest of Denmark nor other
countries or communities with other geographic
characteristics, Public Access Defibrillation
(PAD)-programme structures and legislation.

We describe AED use in cardiac arrests occur-
ring primarily in public places which might not
be generalisable, as 70% of cardiac arrest occur
in residential areas.’®?” Cardiac arrests occur-
ring in public might be more likely to be wit-
nessed by persons who are trained in CPR and
use of AED.

Second, our data do not provide any informa-
tion on whether the bystander using the AED
was trained in CPR or not. This aspect would
have been interesting as it has been demon-
strated in a systematic review conducted by
Yeung et al.'® that AV-feedback might improve
CPR skill acquisition during training. Moreover,
Sainio et al.?®, demonstrated a significantly
higher rate of ROSC at hospital admission when
an AED providing AV-feedback was used, but
AEDs were applied by physicians who could
decide to activate the feedback mechanism or
not. One possible drawback of AV-feedback
could be that voice prompts and visual indica-
tors add noise and may distract the CPR provi-
der, thereby prolonging time to defibrillation.
Capucci et al.?’ recently reported a beneficial
effect on survival when laymen applied an AED
in OHCA without performing any other CPR,

thereby shortening time to first shock. Consider-
ing our results, it can be discussed whether the
AV-feedback can be omitted to avoid disturbing
elements for CPR providers who are not profes-
sionals as the key issues are rapid CPR and
defibrillation if the rhythm is shockable. In our
study, we find no measurable impact on sur-
vival in favour of AV-feedback, but further stud-
ies are needed to determine if these devices
improve patient outcomes when applied in
patients with cardiac arrest. Thirdly, we were
only able to include OHCA patients where the
AED data were downloaded and an AED is only
applied in approximately 2-4% of all
OHCAs.'*?%3% AEDs may have been applied
without ECG data being retrieved if the AED
was not brought to the EMDC after OHCA.
Importantly, we did not find any difference in
ROSC according to AV-feedback, but we might
have overlooked a clinically relevant difference
as seen by the somewhat wide 95% CIs.

Overall ROSC and 30-day survival was 54%
and 40%, respectively, which is in accordance
with previous studies reporting on bystander
CPR and patients with shockable rhythm.'??'3°
Unfortunately, an AED was only applied in
3.7% of all OHCAs. The survival benefit from
use of AEDs by laymen prior to ambulance arri-
val in the context of low application rates
enhances the importance of developing, imple-
menting and optimising PAD programs.

In terms of AED models providing different
shock waveforms, only few studies have been
conducted with no evidence supporting on
type of biphasic waveform instead of the
other,>*>° which is also supported by this
study. Concerning AED energy levels ERC rec-
ommendations state that the initial biphasic
shock energy should be at least 150 J for all
waveforms. We found no difference in convert-
ing rates according to initial shock energy
below or above 150 J, but our study was not

Acta Anaesthesiologica Scandinavica 61 (2017) 1345-1353
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powered to detect such a difference and fur-
ther studies are needed.

Conclusion

In OHCA patients with an AED applied prior to
ambulance arrival, we found no difference in
survival according to AV-feedback. In addition,
we found no difference in converting rate in
patients with initial shockable rhythm according
to waveform and energy level.
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