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Abstract

Aim: The aim of this study was to describe patient characteristics, event characteristics, and outcomes for patients with in-hospital cardiac arrest in
Denmark.

Methods: Data was obtained from DANARREST. DANARREST is a nationwide registry that covers all in-hospital cardiac arrests in Denmark with a
clinical indication for cardiopulmonary resuscitation (i.e. without a prior “do-not-resuscitate” order).

Results: A total of 4069 adult in-hospital cardiac arrests were registered between January 1st, 2017 and December 31st, 2018. The median age
was 74 years (quartiles: 65, 81) and 37% were female. 71% had a non-shockable rhythm and the presumed etiology was primarily non-cardiac
(57%). A total of 2180 patients (53.8%) achieved ROSC, with an additional 36 patients (0.9%) receiving extracorporeal cardiopulmonary
resuscitation. At 30-days 1124 patients (27.8%) were alive. Of cardiac arrests from 2017, 404 patients (20.0%) survived to 1year after the
cardiac arrest. The incidence of adult in-hospital cardiac arrest in Denmark was estimated at 1.8 per 1000 admissions or 0.6 per 1000 in-patient
days.

Conclusion: In-hospital cardiac arrest occurs in at least 2000 patients each year in Denmark with a 30-day survival of approximately 28%. The
establishment of a national registry for in-hospital cardiac arrest in Denmark will allow for quality improvement and research projects.
Keywords: In-hospital cardiac arrest, Registry, Outcomes, Incidence, Denmark

studies on in-hospital cardiac arrest in Denmark and none of these
previous studies provide nationwide data on patient characteristics and
outcomes.®'2 Additional data on in-hospital cardiac arrest in Denmark

Introduction

In-hospital cardiac arrest is a relatively common condition with a high
mortality.*® In-hospital cardiac arrest has been a somewhat neglected
condition, however the establishment of national in-hospital cardiac
arrest registries and audits, and increasing survival rates may generate
increased awareness. Despite the societal burden of cardiac arrest, the
incidence and outcomes of in-hospital cardiac arrest are not well-
described globally. While the incidence and outcomes of out-of-hospital
cardiac arrest are well-described in Denmark,*® there are very limited

is crucial in order to increase clinical awareness, allow for international
comparisons, track and guide quality-improvement initiatives, and
facilitate future research projects. The Danish In-Hospital Cardiac
Arrest Registry (DANARREST) was therefore established.

The objective of this study was to describe patient characteristics,
event characteristics, and outcomes for patients with in-hospital
cardiac arrest in Denmark and provide an estimate of the incidence of
in-hospital cardiac arrest.
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Table 1 (continued)

All Non-shockable Shockable
(n=4049) (n=2891) (n=703)
Epinephrine 2928 (72) 2525 (87) 299 (43)
Amiodarone 407 (10) 147 (5) 241 (34)
Timeto ...
Chest compressions (min) 0 (0, 0) 0 (0, 0) 0 (0, 0)
First rhythm analysis (min) 2 (0, 4) 2(1,4) 1(0,2)
Arrival of the cardiac arrest team® (min) 3(2,4) 3(2,4) 2(1,4)

2 Patients who had cardiopulmonary resuscitation terminated or who had return of spontaneous circulation prior to any manual rhythm analysis.

® Only including those intubated during the cardiac arrest.
¢ Only including cardiac arrests where the cardiac arrest team was called.

Methods

Setting

In 2017, the adult population in Denmark constituted approximately
4,600,000 persons which is served by 43 public hospitals with a
dedicated cardiac arrest team. The composition of the cardiac arrest
team and the experience of individual members of the team vary
between hospitals and have been described previously.® '

Data source

Data was obtained from DANARREST. DANARREST is a clinical
quality database that has been nationwide since 2017. All in-hospital
cardiac arrests in Denmark with a clinical indication for cardiopulmo-
nary resuscitation (CPR) (i.e. without a prior “do-not-resuscitate”
order) should be included. Cardiac arrest is defined as unconscious-
ness, abnormal breathing, and pulselessness. “In-hospital” is defined
locally and generally includes all cardiac arrests on hospital grounds
(including in the emergency department). Cardiac arrests that start in
the pre-hospital setting are not included. All hospitals with a cardiac
arrest team should report data. The majority of Danish hospitals have
a cardiac arrest team. Those that do not are generally very small and/
orare rehabilitation or psychiatric facilities. If there is a cardiac arrestin
those facilities, the pre-hospital system is activated and the cardiac
arrest is included in the Danish cardiac arrest registry which includes
all out-of-hospital cardiac arrests.

The majority of data is collected immediately after the cardiac
arrest by a designated member of the cardiac arrest team. Reporting

of data to the registry is mandatory. Additional details are provided
elsewhere.'®

Additional data was obtained from the Danish National Patient
Register (comorbidities)'* and the Danish Civil Registration System
(survival).'® Data is linked using a unique personal identification
number. The Charlson comorbidity index was calculated based on
ICD10 codes within the 10 years prior to the cardiac arrest (see
Table 1).

Data on the number of admissions and in-patient days in
2017 throughout Denmark according to age and sex were obtained
from Statistics Denmark.'® The numbers reflect admissions at non-
psychiatric, public hospitals in Denmark and does not include
emergency department visits without admission. If a patient is moved
from one department to another, it counts as two admissions.
Admission data was only available for patients 20 years or older.

In Denmark, ethical approval for observational register-based
studies is not required.

Patients

We included adult (>18years) patients with an index in-hospital
cardiac arrest from January 1st, 2017 to December 31st, 2018. We
excluded patients with a missing or incorrect personal identification
number and with missing data on return of spontaneous circulation
(ROSC).

Data variables

Data is collected on a number of variables in DANARREST as
described previously."® All times are collected in whole minutes. As

Table 2 - Outcomes of in-hospital cardiac arrest patients in Denmark.

Al
(n=4049)
n (% [95%Cl])

Non-shockable
(n=2891)
n (% [95%CI])

Shockable
(n=703)
n (% [95%Cl])

Return of spontaneous circulation
Yes 2180 (53.8 [52.3, 55.4])
ECPR 36 (0.9 [0.6, 1.2])
30-day survival 1124 (27.8 [26.4, 29.2))
1-year survival® 404 (20.0 [18.2, 21.8])

1207 (41.8 [39.9, 43.6])
28 (1.0 [0.6, 1.4])

466 (16.1 [14.8, 17.5])
151 (10.6 [9.1, 12.4])

574 (81.7 [78.6, 84.4])
7 (1.0 [0.4, 2.0])

405 (57.6 [53.9, 61.3)
153 (42.7 [37.6, 48.0])

ECPR denotes extracorporeal cardiopulmonary resuscitation.

2 Only including the 2015 cardiac arrests from 2017 (358 shockable and 1420 non-shockable).
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such, a time to a given intervention of Omin indicates that the
intervention was performed within the same whole minute that pulses
were lost, a time of 1 min indicates that intervention was performed
within the next whole minute, etc.

Outcomes

Outcomes included ROSC, 30-day survival, and 1-year survival.
ROSC is defined as a palpable pulse (or other clear signs of
circulation) sustained for at least 20 min without the need for chest
compressions. One-year survival was only evaluated for patients with
an in-hospital cardiac arrest in 2017.

Statistical analysis plan

Continuous data are presented as medians (with first and third
quartiles). Categorical data are presented as counts with percen-
tages. Survival until 1year for patients with a cardiac arrest in 2017
was illustrated with Kaplan-Meier curves. Characteristics are
presented for all patients and according to the first recorded rhythm
(shockable vs. non-shockable).

Results
Overview

A total of 4269 adult in-hospital cardiac arrests were registered
between January 1st, 2017 and December 31st, 2018. We excluded
151 (4%) recurrent cardiac arrests, 51 patients (1%) based on a
missing or incorrect personal identification number, and 18 patients
(<1%) based on missing data on ROSC. The final cohort therefore
included 4049 patients. There were 2025 patients (50%) registered in
2017 and 2024 patients (50%) in 2018.

Characteristics

Missing data were rare with no included variable having more than 3%
missing data (see Table 2). Characteristics for all patients and
according to initial rhythm (shockable vs. non-shockable) are provided
in Table 1. A histogram of age is provided in Fig. 1.
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Fig. 1 - Histogram of age of the cardiac arrest patients.

Age were categorized in bins of 5 years. The median age
was 74 (quartiles: 65, 81) years.

Outcomes

Atotal of 2180 patients (53.8%) achieved ROSC, with an additional 36
(0.9%) patients receiving extracorporeal cardiopulmonary resuscita-
tion (ECPR). At 30-days, 1124 patients (27.8%) were alive. Of cardiac
arrests from 2017, 404 patients (20.0%) survived to 1year after the
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Fig. 2 - 1-year survival.

Kaplan-Meier curves illustrating 1-year survival for all in-
hospital cardiac arrests (upper figure, n=2025), only
those with ROSC or ECPR (middie figure, n=1100), and
only those surviving until 30 days (lower figure, n =564).
Only including patients from 2017. No patients were lost
to follow-up.
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Table 3 - Incidence of in-hospital cardiac arrest in Denmark according to age and sex.

Overall Male

Female

IHCA per 1000 IHCA per 1000

IHCA per 1000

IHCA per 1000 in- IHCA per 1000 IHCA per 1000

admissions in-patient days admissions patient days admissions in-patient days
Overall 1.8 0.6 2.4 0.7 1.2 0.4
Age (years):
20-607 0.7 0.3 1.2 0.5 0.4 0.2
60-69 2.3 0.7 2.9 0.9 1.5 0.5
70-79 25 0.7 2.8 0.8 2.1 0.6
>80 25 0.7 3.2 0.9 2.0 0.5

IHCA denotes in-hospital cardiac arrest.

& Only six patients were younger than 20 years. These were not included in the calculation of the incidence.

cardiac arrest. Survival curves are presented in Fig. 2. Outcome data
overall and according to the initial rhythm is presented in Table 2.

Incidence of cardiac arrest

In 2017, there were a total of 1,147,729 admissions and 3,500,714 in-
patient days in Denmark. This corresponds to an incidence of 1.8 in-
hospital cardiac arrests per 1000 admissions or 0.6 in-hospital cardiac
arrests per 1000 in-patient days. Incidences according to age and sex
are provided in Table 3.

Discussion

This is the first comprehensive description of the Danish national
registry of in-hospital cardiac arrest, DANARREST. We found that the
incidence of in-hospital cardiac arrest is approximately 1.8 per
1000 admission or 0.6 per 1000 in-patient days and that 30-day and
1-year survival were 28% and 20%, respectively.

The establishment of a national in-hospital cardiac arrest registry
in Denmark has widespread implications for future research projects.
In Denmark, residents are assigned a personal and permanent
personal identification number'” that can be used to link information
from the Danish population-based registries on an individual level. As
described in the current study, the Danish Civil Registration System
contains information on migration and vital status which can be used to
describe long terms outcomes such as 1-year survival. The Danish
National Patient Registry, contains information on all hospitalizations
in Denmark since 1977 and all outpatient visits and emergency
department contacts since 1995'® while the National Prescription
Register can be used to obtain information on prescriptions dispensed
at all Danish pharmacies.'® The potential usefulness of linking
information from different registries has already been demonstrated in
a number of projects on out-of-hospital cardiac arrest in Denmark.*#°
As such, the establishment of the registry also have implications for
cardiac arrest science outside of Denmark.

In the current study, we report an incidence of 1.8 in-hospital
cardiac arrests per 1000 admissions. Data from the National Cardiac
Arrest Audit (NCAA) in the United Kingdom demonstrated a lower
incidence of 1.2 in-hospital cardiac arrests per 1000 admissions
between 2017 and 2018.%" In contrast, data from the Get With The
Guidelines-Resuscitation (GWTG-R) registry showed an annual
incidence of 292,000 cardiac arrests annually, or 3-10 cardiac arrests
per 1000 admissions, in the period from 2008 to 2017.%? The varying
incidence likely depends on the underlying population, healthcare

system, and data source.® For example, only about 400 out of
6300 adult US hospitals reported in-hospital cardiac arrest data to the
GWTG-R registry from 2008 to 2017 and accurate estimation is
challenging in the absence of a national surveillance system. Similar
variations in incidence estimates has also been shown for the out-of-
hospital cardiac arrest population with a 10-fold difference inincidence
globally.?®

We report a 28% survival to 30 days after in-hospital cardiac arrest
in Denmark. For comparison, survival to hospital discharge was
reported at 22% for the NCAA registry in the United Kingdom,?' 25%
for the GWTG-R registry in the United States,® and 30-day survival
was 32% in the Swedish Registry of Cardiopulmonary Resuscita-
tion.2* The international variation in the reported outcome may be
explained by differences in patient, cardiac arrest, and treatment
characteristics, as well as cultural expectations surrounding resusci-
tation and withdrawal of care.®> On average, Danish patients were
older (74 vs 66years), less likely to present with an initial non-
shockable rhythm (71% vs 81%), and less likely to arrest in intensive
care units, emergency departments, and operating rooms (27% vs
54%) compared to patients in the United States.®’

Our findings should be interpreted in the context of some
limitations. Although reporting to DANARREST is mandatory for all
hospitals in Denmark, capture is not 100%. Based on estimates from
the participating hospitals, it is estimated that the coverage is
approximately 80%.'% Anecdotally, those not captured are primarily
in-hospital cardiac arrests where the cardiac arrest team is not called
e.g. cardiac arrest in the catheterization laboratory or the intensive
care unit. Ongoing efforts are aimed at improving capture. We were
limited by the available data on hospital admissions in Denmark. If a
patient is moved from one department to another, it counts as two
admissions. This could artificially inflate the number of admissions and
therefore lower the incidence of in-hospital cardiac arrest per
1000 admissions. However, based on extrapolations from other data
sources,”® we estimate that this only inflate the number of admission
by 20-25% thereby limiting its influence on the overall incidence.
Similarly, underreporting of cardiac arrests will underestimate the
incidence. Since outcome data was obtained from national registries,
we were unable to ascertain neurological/functional status at 30 days
or 1year.

Conclusion

In-hospital cardiac arrest occurs in at least 2000 patients each yearin
Denmark with a 30-day survival of approximately 28%. The
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establishment of a national registry for in-hospital cardiac arrest in
Denmark will allow for quality improvement and research projects.
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