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Abstract

Introduction: Automated external defibrillators (AEDs) increase survival after out-of-hospital cardiac arrest. However, the effect of AEDs for in-
hospital cardiac arrest (IHCA) remains uncertain. This study aims to describe the distribution and use of AEDs in Danish hospitals and investigate
whether early rhythm analysis is associated with return of spontaneous circulation (ROSC).

Methods: All Danish public hospitals with a cardiac arrest team were included and sent a questionnaire on the in-hospital distribution of AEDs and
manual defibrillators. Further, we collected data on IHCAs including rhythm analysis, device type, cardiac arrest team arrival, and ROSC from the
national database on IHCA (DANARREST).

Results: Of 46 hospitals, 93% had AEDs and 93% had manual defibrillators. AEDs were often placed in wards or non-clinical areas, whereas man-
ual defibrillators were often placed in areas with high-risk patients. We identified 3,204 IHCAs. AEDs were used in 13% of IHCAs. After adjustment
for confounders, chance of ROSC was higher if the first rhythm analysis was performed before the arrival of the cardiac arrest team (RR: 1.28 (95%
Cl: 1.12—-1.46)). The relative risk of ROSC was 1.09 (0.84—1.41) when analyzing with an AED before cardiac arrest team arrival and 1.19 (1.00-1.41)
when using a manual defibrillator. However, there was no significant effect modification for AED vs manual defibrillator (p = 0.26).

Conclusion: AEDs are widely distributed in Danish hospitals but less commonly used for IHCAs compared to manual defibrillators. Rhythm analysis
before arrival of the cardiac arrest team was associated with ROSC without significant effect modification of device type.
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are therefore widely distributed in the prehospital setting.’"® During
IHCA, several minutes may pass before arrival of the cardiac arrest
team and a manual defibrillator.>®'* Thus, deployment of AEDs is
The chance of survival after in-hospital cardiac arrest (IHCA) is low  recommended in areas of a hospital with a risk of delayed defibrilla-

Introduction

and reported to be 20-30%.'° Early defibrillation within minutes  tjon despite sparse evidence of benefit for AED use in hospitals.”

after cardiac arrest increases the chance of survival and is recom- Studies on the benefit of AEDs for IHCA are limited and conflict-
mended as a key element in the Chain of Survival.”® Automated  ing. Some studies report an increase in survival when using AEDs for
external defibrillators (AEDs) make earlier defibrillation possible IHCA."®® In contrast, others report no benefit or a decreased risk of

and improve survival after out-of-hospital cardiac arrest.””'" AEDs
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survival when using AEDs.'”'® The reason for these findings is
unknown but may be related to, e.g. the distribution of AEDs within
the hospitals and the situations where AEDs are used.

Accordingly, this study aims to describe the distribution and use
of AEDs in Danish hospitals and investigate whether rhythm analysis
before the cardiac arrest team arrival is associated with return of
spontaneous circulation.

Methods

Study design

We used data from a nationwide cross-sectional questionnaire on
the in-hospital distribution of AEDs and the Danish national database
of in-hospital cardiac arrests, DANARREST. The study was
approved by the Danish Data Protection Agency (j.no. 2012-58-
006, case no. 1-16-02-202-18). According to Danish law, no Ethical
Committee approval was required.

Questionnaire

We included all public hospitals in Denmark with a cardiac arrest
team. A cardiac arrest team was defined as a team consisting of
at least two hospital staff members allocated to respond to cardiac
arrest. To be included in the study, hospitals must have such a team
present at least part of the day. Hospitals treating outpatients only
were excluded. A list of all public hospitals in Denmark was obtained
from the Danish Regions which is the administrating body for Danish
public hospitals. Each hospital was contacted and inquired about the
inclusion criteria and contact information of the hospital’s medico-
technical department.

A questionnaire (Appendix A) was sent by email to a medical tech-
nician responsible for each hospital’s defibrillators. The questionnaire
included information on 1) if AEDs were available in the hospital, 2) the
number of AEDs, 3) the model of AEDs, 4) the location of AEDs, 5)
how often the AEDs were used, 6) if the hospital had manual defibril-
lators, 7) the model of the manual defibrillators, 8) the location of man-
ual defibrillators, and 9) how often the manual defibrillators were used.
The questionnaire was developed by the researchers behind this
study and created using SurveyMonkey (SurveyMonkey Inc., San
Mateo, CA, USA). Another resuscitation researcher reviewed the
questionnaire before distribution to ensure face validity.

Hospitals not responding were sent reminders by email at week
2, 4, and 8, and by telephone at week 6 and 10 after the initial distri-
bution of the questionnaire.

DANARREST
DANARREST is the Danish national database on IHCAs." All
IHCAs with a clinical indication for cardiopulmonary resuscitation
(CPR) are included in the database. The database contains descrip-
tive data as well as quality indicators related to the process of care
and clinical outcome. We included data on initial rhythm, type of
defibrillator (i.e., AED or manual), time to first rhythm analysis, time
to first defibrillation, time to arrival of the cardiac arrest team, and
return of spontaneous circulation (ROSC) from 2016 and 2017.
Data from DANARREST were reviewed to ensure the data qual-
ity; Obvious typing errors were corrected, whereas erroneous time
registration (e.g., negative time registration, time of resuscitation ter-
mination days after arrest etc.) were excluded. Conflicting data (e.g.,
no defibrillation/yes defibrillation, first shock by AED/first shock by
manual defibrillator) were excluded.

Statistics

Data were analyzed for normality using histograms and QQ plots.
Categorical data are presented as percentages (n), and continuous
data are reported as median (1st quartile; 3rd quartile). Data were
analyzed using R-statistics (version 3.4.0, R Core Team 2017, R
Foundation for Statistical Computing, Vienna, Austria) and Stata Sta-
tistical Software (version 16, StataCorp. 2019, College Station, TX,
USA).

Associations between rhythm analysis before the cardiac arrest
team arrival and ROSC was calculated using modified Poisson
regression (Poisson distribution and log-link function). We accounted
for clustering within hospitals using generalized estimating equations
and adjusted for cardiac arrest team response time, witnessed car-
diac arrest, and hospital department. Covariates for adjustment
was chosen based on directed acyclic graphs (i.e., causal diagrams).
We assessed for effect modification of device type (AED or manual
defibrillator) and initial rhythm (shockable or non-shockable) by intro-
ducing interaction terms in the models. We did not include cases with
missing data on rhythm analysis and/or ROSC. As missing data for
other covariates were very limited, we did not use imputation analy-
sis. Data are reported as relative risks (RR) with 95% confidence
intervals (95% ClI).

Results

Questionnaire

In total, 46 hospitals were eligible for inclusion, and all hospitals
replied (response rate: 100%) between February 7th and April
20th, 2017. Both AEDs and manual defibrillators were available at
87% (n = 40) of hospitals, 7% (n = 3) of hospitals only had AEDs,
and 7% (n = 3) of hospitals only had manual defibrillators. Each hos-
pital had a median of 10 (5; 24) AEDs and 11 (7; 20) manual defib-
rillators. The location of AEDs and manual defibrillators are shown in
Table 1. During the previous year, hospitals reported that AEDs were
used 2 (0; 10) times per hospital, equal to each AED being used 0.7
times. Manual defibrillators were reported to be used 15 (2; 50) times
per year, equal to each manual defibrillator used 2.7 times within the
previous year. Overall, 33% (n = 14) of hospitals had compatible
AEDs and manual defibrillators, i.e., AED electrodes could be
directly connected to the manual defibrillator, 55% (n = 24) of hospi-
tals would require an adaptor to connect electrodes, 10% (n = 4) of
hospitals did not have compatible AEDs and manual defibrillators,
i.e., the electrodes were to be changed when switching from the
AED to a manual defibrillator, while this was unknown at 2%
(n = 1) of hospitals.

DANARREST database
In 2016 and 2017, 4,496 data entries were registered in DANARR-
EST. Of these, 1,292 data entries were excluded due to not being
a cardiac arrest (n = 883) or having no indication to resuscitate
(n = 409). In total, data were analyzed for 3,204 IHCAs. Time vari-
ables were excluded for 70 data entries and corrected for 86 data
entries. Variables regarding defibrillation/no defibrillation (n = 31)
and defibrillation device used for first rhythm analysis/defibrillation
(AED/manual defibrillator) (n = 9) were excluded due to conflicting
data.

Overall, 79% (n = 2,519) of arrests were witnessed (data missing
for 3 IHCAs), 17% (n = 538) had shockable rhythm (data missing for
27 IHCAs), 49% (n = 1,582) had non-shockable rhythm, and 33%
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Table 1 - Location of AED/manual defibrillators and IHCAs in Danish hospitals.

AED

Manual defibrillator

Device locations®
(n = 43 hospitals)

Device use™®
(n = 797 IHCASs)

Device locations®
(n = 43 hospitals)

Device use®®
(n = 414 IHCAs)

Wards® 63% (27)
Emergency department 42% (18)
Out-patient clinics 12% (5)
Surgery 19% (8)
Department of Anesthesiology and ICU 19% (8)
Other location® 84% (36)

Missing -

83% (343) 63% (27) 51% (407)
6% (23) 79% (34) 17% (139)
2% (10) 14% (8) <1% (3)
1% (3) 58% (25) 2% (13)
3% (11) 74% (32) 16% (129)
6% (23) 23% (10) 13% (106)

1 - -

2 Data from the questionnaire.
® Data from DANARREST.

¢ ECG-monitoring used for rhythm analysis in 505 IHCAs, unknown device used in 427 IHCAs, no initial rhythm analysis registered in 1034 IHCAs, and data

regarding device missing for 27 IHCAs.
9 Device placed at one or more wards within a hospital.

¢ For example radiology, cafeteria, waiting areas, hallways, remote buildings, non-patient areas e.g., administration, outdoors.

(n = 1,057) had no rhythm analysis. Median cardiac arrest team
response time was 3 (2; 4) min, median time to rhythm check was
2 (1; 4) min, and 54% (n = 1,726) achieved ROSC (data missing
for 24 IHCAs). An AED was used for at least rhythm analysis in
13% (n = 414) of resuscitation attempts. The locations of the IHCAs
are shown in Table 1. Of these, 15% (n = 63) had initial shockable
rhythm, and 83% (n = 345) had initial non-shockable rhythm (data
missing for 6 IHCA). ROSC was achieved in 59% (n = 37) of patients
with shockable rhythms and 46% (n = 158) with non-shockable
rhythms. For IHCAs with a shockable rhythm and usage of an
AED, rhythm analysis was performed before the arrival of the cardiac
arrest team in 52% (n = 32) of cases, and subsequent defibrillation

with an AED was performed in 78% (n = 25) of these cases (Table 2).
After adjustment for known confounders (clustering within hospitals,
cardiac arrest team response time, witnessed cardiac arrest, and
hospital department), first rhythm analysis before the arrival of the
cardiac arrest team was associated with a higher chance of ROSC
when compared to rhythm analysis after the arrival of the cardiac
arrest team, RR: 1.28 (95% Cl: 1.12—1.46) (Table 3). We found no
significant effect modification of AED vs manual defibrillator
(p = 0.26) or shockable vs non-shockable rhythms (p = 0.79). Anal-
ysis of smaller subgroups of patients having rhythm analysis with
AED only and shockable rhythms only were also non-significant
(Table 3).

Table 2 - Time registration.

All IHCA with AED use

13% (n = 414)

Before CAT arrival

At CAT arrival

After CAT arrival

Rhythm analysis with AED (n = 398)"

42% (166)

Shockable IHCA with

AED use
15% (n = 63)

32% (126)

27% (106)

Before CAT arrival

At CAT arrival

After CAT arrival

Rhythm analysis with AED (n = 61)°

Subsequent defibrillation with AED (n = 49)°
Subsequent defibrillation with manual defibrillator (n = 4)
No defibrillation (n = 5)

Unknown device (n = 0)

ROSC (if defibrillated) (n = 30)¢

Time to first shock (median)

52% (32)
51% (25)
50% (2)
60% (3)

0

67% (20)

2 (2; 3) min

25% (15)
20% (10)
25% (1)
20% (1)
0
20% (6)
2 (1; 2.5) min

23% (14)
29% (14)
25% (1)
20% (1)

0

13% (4)

5 (4; 8) min

Data presented as percentages (n) or median (Q1, Q3). CAT = cardiac arrest team, ROSC = return of spontaneous circulation.

@ Data missing for 16 IHCA.
® Data missing for 2 IHCA.
¢ Data missing for 3 IHCA.
¢ Data missing for 3 IHCA.
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Table 3 - Adjusted relative risk of ROSC if rhythm
analysis before cardiac arrest team arrival compared
to rhythm analysis after arrival of the cardiac arrest
team.

Adjusted RR
(95% ClI)

Use of AED

All rhythms 1.09 (0.84-1.41)

Shockable rhythms
Non-shockable rhythms
Use of manual defibrillator
All rhythms

Shockable rhythms
Non-shockable rhythms
Use of any device

All rhythms

1.59 (0.87—2.92)
0.96 (0.68-1.35)

1.19 (1.00-1.41)
0.90 (0.61-1.32)
1.18 (1.00-1.41)

1.28 (1.12—1.46)
Shockable rhythms 1.15 (0.86-1.53)
Non-shockable rhythms 1.22 (1.05-1.40)

RR = relative risk, Cl = confidence interval, AED = automated external

defibrillator, ROSC = return of spontaneous circulation.

Discussion

We found that AEDs and manual defibrillators are widely distributed
in Danish hospitals. AEDs are less commonly used for IHCA than
manual defibrillators, and rhythm analysis before the arrival of the
cardiac arrest team is associated with a higher chance of ROSC.

Despite the limited evidence, AEDs are widely distributed in Dan-
ish hospitals but only used in one of ten resuscitation attempts. We
found AEDs to be located in wards and non-clinical areas of the hos-
pital (e.g., cafeteria, hallways etc.) where the first responders may be
hospital staff or laypersons only trained in basic life support. The car-
diac arrest team response time may be long in such areas. In con-
trast, manual defibrillators were often placed in locations with more
high-risk patients, e.g., emergency departments and intensive care
units where the hospital staff is more likely to be trained in advanced
life support, including the use of manual defibrillators. Placement of
AEDs in these areas may not be either cost-effective or affect the
outcome after IHCA.

The finding that rhythm analysis before cardiac arrest team arri-
val was associated with a higher chance of ROSC for non-
shockable rhythms could potentially be due to higher CPR quality
by providers performing early rhythm analysis (i.e., early rhythm
analysis indicating better overall CPR skills). However, we adjusted
for hospital department and hospital site to account for location-
specific confounding in terms of CPR quality and AED use, although
we were unable to account for CPR quality specifically. Moreover, we
found a difference between AEDs and manual defibrillators, suggest-
ing a higher chance of ROSC for non-shockable rhythms when using
a manual defibrillator but not when using an AED. This may be due to
the staff administering early adrenaline when finding a non-
shockable rhythm on the manual defibrillator, which is associated
with improved survival outcomes.?®?? In contrast, responders using
an AED are most likely only trained in basic life support, thus without
competency to administer adrenaline. Unfortunately, the DANARR-
EST database does not include time to first adrenaline dosing, limit-
ing our knowledge on this issue.

We found no significant effect modification of AEDs vs manual
defibrillators suggesting a beneficial effect of early rhythm analysis
irrespective of device type. Thus, our finding supports that hospitals
should ensure access to swift rhythm analysis/defibrillation in all
areas of the hospital. Notably, our subgroup analysis on the use of
AEDs did not show a significant benefit on ROSC. This finding is
in accordance with previous studies.'”"'® However, our finding may
owe to type 2 error due to the limited sample size. Furthermore, it
is unknown if high-quality CPR before cardiac arrest team arrival will
attenuate the beneficial effect of AEDs for shockable rhythms.

It may be difficult to demonstrate a survival benefit of AEDs for
IHCAs in contrast to out-of-hospital cardiac arrests.®~'"*®> Many fac-
tors may influence the in-hospital use of AEDs. A study found no
increase in the chance of ROSC if an AED were used compared to
cases with no AED use.?* However, if the AED was used adequately
(defined as application within 3 minutes, shock delivered if shockable
rhythm and with no delay, and no shock delivered if non-shockable
rhythm), there was a higher chance of achieving ROSC. Another
study found an AED-user dependent time loss when the user awaits
the entire “chain of advice” instead of placing the defibrillation elec-
trodes immediately, suggesting that lacking user-skills attenuates the
benefit of AEDs.?® Further, a study indicated that suboptimal use of
AEDs are common, which may be due to long retraining intervals
combined with low exposure to IHCA among ward nurses."* Finally,
the interruption in chest compressions during rhythm analysis and
shock delivery is generally prolonged when using an AED compared
to a manual defibrillator which decreases survival.®.

Future studies should seek to identify in which in-hospital loca-
tions AEDs could have a beneficial effect on survival as it seems unli-
kely that AEDs will improve hospital-wide survival. Importantly,
factors such as training of staff members, rates of shockable
rhythms, and the arrival of the cardiac arrest team may affect the
location-specific effect of having AEDs in the hospital. In addition
to location, studies exploring hospital staff’s use of AEDs to optimize
the use seems likewise warranted.

Limitations

Our study was based on data from a questionnaire and a database.
Even though the questionnaire was answered by a person responsi-
ble for maintaining the hospital’s AEDs (and/or manual defibrillators),
the answers provided may differ from the actual use of the devices.
Further, manual defibrillators may also be used in AED-mode. How-
ever, we assume hospitals based their answers regarding device
type on the common use of the device i.e., in AED- or manual mode.

Database data are prone to inaccuracies in time stamps.?”2°
The data reported to the DANARREST-database are reported after
the occurrence of an IHCA by a member of the cardiac arrest team.
There may therefore be some recall bias as well as missing knowl-
edge to actions performed. Further, some IHCAs may not have been
reported as the cardiac arrest registration was recently initiated in
several hospitals in 2016-2017. In addition, DANARREST does
not contain data on patient demographics and which specific ward
(e.g., surgical, cardiology, other internal medical) the IHCA occurred.
Thus, we cannot infer the relative use of AEDs and manual defibril-
lators, respectively. Finally, our sample size is limited and not pow-
ered for subgroup analyses.
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Conclusion

AEDs are widely distributed in Danish hospitals but less commonly
used for IHCAs compared to manual defibrillators. Rhythm analysis
before arrival of the cardiac arrest team was associated with ROSC
without significant effect modification of device type.
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