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Abstract
Background: Incidence of in-hospital cardiac arrest is reported to be 0.8 to 4.6 per 1,000 patient
admissions. Patient survival to hospital discharge with favourable functional and neurological status is
around 21%. The Bern University Hospital is a tertiary medical centre in Switzerland with a cardiac arrest
team from the Department of Anaesthesiology and Pain Medicine that is available 24 h per day, 7 days
per week. Due to lack of central documentation of cardiac arrest team interventions, the incidence,
outcomes and survival rates of cardiac arrests are unknown. The aim was thus to record all cardiac arrest
team interventions over 1 year, and to analyse the outcome and survival rates of adult patients after in-
hospital cardiac arrests.

Methods: We conducted a prospective single-centre observational study that recorded all adult in-hospital
cardiac arrest team interventions over 1 year, using an Utstein-style case report form. The primary
outcome was 30-day survival after in-hospital cardiac arrest. Secondary outcomes were return of
spontaneous circulation, neurological status (after return of spontaneous circulation, after 24 h, after 30
days and 1 year), according to the Glasgow Outcomes Scale, and functional status at 30 days and 1 year,
according to the Short-form-12 Health Survey.

Results: The cardiac arrest team had 146 interventions over the study year, which included 60 non-life-
threatening alarms (41.1%). The remaining 86 (58.9%) acute life-threatening situations included 68
(79.1%) as patients with cardiac arrest. The mean age of these cardiac arrest patients was 68 ±13 years,
with a male predominance (51/68; 75.0%). Return of spontaneous circulation was recorded in 49 patients
(72.1%). Over one-third of the cardiac arrest patients (27/68) were alive after 30 days with favourable
neurological outcome. The patients who survived to 1 year after the event showed favourable
neurological and functional status.

Conclusions: The in-hospital cardiac arrest incidence on a large tertiary Swiss university hospital was
1.56 per 1,000 patient admissions. After a cardiac arrest, about a third of the patients survived to 1 year
with favourable neurological and functional status. Early recognition and high-quality cardiopulmonary
resuscitation provided by a well-organised team is crucial for patient survival.

Trial Registration: The trial was registered in clinicaltrials.gov (NCT02746640). 

Introduction
The incidence of in-hospital cardiac arrests (IHCAs) has been reported to be from 0.78 to 4.60 per 1,000
patient admissions [1–8]. Despite immediate treatment of IHCAs with high-quality cardiopulmonary
resuscitation (CPR) [9, 10], mortality remains high [11]. Patient survival to hospital discharge after an
IHCA has improved over recent years, and has been reported as 26% of patients, although only 21% had
good functional and neurological status [12]. Long-term survival of these patients has also improved over
the past 20 years, although good functional outcomes after 1 year remain at around 12% for these IHCA
survivors [13].
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Fast and competent interventions based on current resuscitation guidelines are essential for increased
survival with good neuropsychological outcome after cardiac arrest [14, 15]. As well as local
implementation of international resuscitation recommendations [16] and guidelines [14, 15], potential key
factors that in�uence successful in-hospital resuscitation include: (1) a focus on prevention and early
recognition of cardiac arrest, with immediate start of basic life support [17]; (2) immediate activation of
emergency responses to IHCAs, to provide early high-quality advanced life support [18]; (3) a high-
performing hospital-wide rapid response system consisting of a cardiac arrest team and/or medical
emergency team that are organised, well trained, and available 24 hours per day, 7 days a week [19–23];
(4) state-of-the-art post-resuscitation care [24]; (5) performance-driven debrie�ngs [25, 26]; and (6)
recording of the institution resuscitation success, with reporting of the results. These measures contribute
to further optimisation of local procedures and maintain adherence to current guidelines [5, 23].

The Bern University Hospital is one of the largest tertiary acute care hospitals in Switzerland, and it treats
about 47,000 inpatients and over 520,000 outpatients annually [27]. It is also a certi�ed referral cardiac
arrest centre [28, 29]. Until recently, there was no central documentation of the cardiac arrest team
interventions, and no indication of their e�ciency within the hospital. This therefore allowed no analysis
of the annual number of IHCAs, and the resuscitations, outcomes and survival rates of these patients.

Therefore, this prospective single-centre observational study aimed to systematically record and analyse
all of the cardiac arrest team interventions at the Bern University Hospital over 1 year.

Methods

Ethics Commission approval and registration
The study protocol was approved by the Ethics Commission of the Canton of Bern (KEK Nr: 108/15), and
was prospectively registered with ClinicalTrials.gov (NCT02746640). The need for informed consent was
waived by the Ethics Committee.

Setting
For the Bern University Hospital, in cases of cardiac arrest or acute life-threatening events the cardiac
arrest teams are activated, for adults from the Department of Anaesthesia and Pain Medicine, and for
children under 16 years from the Paediatric Intensive Care Unit. Both teams are available 24 h per day, 7
days a week.

The cardiac arrest team for adults is composed of a board-certi�ed anaesthesiologist and a certi�ed
anaesthesia nurse, to provide guideline-conforming high-quality advanced life support for all persons
within the hospital campus. The cardiac arrest team is summoned via a centralised hospital-wide phone
number, and they bring with them a resuscitation cart that is equipped with all that is necessary for
advanced life support monitoring and treatment at the scene. All of the hospital staff are trained to
deliver high-quality basic life support and are instructed on how to use an automated external de�brillator
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(AED). These AEDs are placed at various locations within the hospital campus, and can be used until the
cardiac arrest team arrives on the scene to take over.

Cardiac arrests that occur in adult and paediatric Intensive Care Units, or the Cardiac Catheterisation
Laboratory, Emergency Rooms or Operating Rooms are treated primarily by the professionals working in
these settings. However, the cardiac arrest team can be summoned to these areas as well. Ward patients
with non-life-threatening, rapidly deteriorating clinical situations are primarily referred to the medical
emergency team activated from the Adult Intensive Care Unit, which is also available 24 h per day, 7 days
a week [21].

Participants
We included all adult IHCA team interventions from 1 March, 2015, to 28 February, 2016. We excluded
paediatric patients (< 16 years), patients with out-of-hospital cardiac arrests (OHCAs) admitted to the
Emergency Room under ongoing CPR, and cardiac arrests in the paediatric and adult Intensive Care Units.

Procedures and measures
During the day, the data were collected by an observer who accompanied the cardiac arrest team, but who
was not involved in the treatment. This member of the research team prospectively recorded all of the
research-related data on an Utstein-style case report form [30, 31], as adapted for IHCAs (Digital
Supplemental Content 1). The observer could report more than on reason per case for an alarm. For
IHCAs during the night, the case report form was �lled in by the cardiac arrest team, and the medical team
leader was interviewed about the event the following day. The observer recorded the ‘Return Of
Spontaneous Circulation’ (ROSC) during resuscitation when it occurred for at least 1 min, and ‘sustained
ROSC’ was de�ned as no further chest compressions needed for at least 20 minutes [32]. All of the
patients with IHCA who were treated by the cardiac arrest team were assessed neurologically immediately
after resuscitation on scene or at the arrival on Intensive Care Unit, and 24 h after the cardiac arrest,
according to the Glasgow Outcome Scale (GOS) [33–35]. At 30 days and 1 year from the cardiac arrest,
the patients were contacted by telephone for a 30-min interview to assess their neurologic status,
according to the GOS, and their functional status, according to the Short-form-12 Health Survey (SF-12)
[36, 37]. All of the patient data were recorded separate from the hospital information system, and stored
coded in a password-protected departmental electronic research database, according to the Swiss Act on
Human Research.

Instruments
The GOS was used to categorise the neurological outcomes. In brief, the GOS has �ve categories, where
the higher values de�ne better neurological outcomes, as: ‘Death’ (score 1), ‘persistent vegetative state’
(score 2), ‘severe disability’ (score 3), ‘moderate disability’ (score 4) and ‘low disability’ (score 5). For the
purpose of this study, GOS 2 and 3 were considered as ‘poor neurological outcome’, while GOS 4 and 5
were considered as ‘favourable neurological outcome’. Sedated patients during post-resuscitation care
were not assessed with GOS.



Page 6/21

Health-related quality of life was assessed with the SF-12, which comprises 12 questions that de�ne two
core dimensions, as the ‘Mental component summary’, and the ‘Physical component summary’, with each
calculated on a scale of 0 to 100. These scores are age dependent, and they describe better health-related
quality of life as the values increase [32, 36, 37]

Statistical analysis
Statistical analysis was performed using Stata version 14 (StrataCorp, Texas, USA) and SPSS 27 (IBM
Corp., New York, USA). Categorical variables were described as absolute numbers, and relative
frequencies as percentages. Continuous variables were described as means ± standard deviation (SD), or
median and interquartile range (IQR) for non-normally distributed data. Student’s t-tests were used to
compare continuous parametric data, and Mann–Whitney or Kruskal–Wallis tests for non-parametric
data. Categorical variables were compared with chi-squared tests or Fisher’s exact tests. The signi�cance
level of probability was de�ned as ≤ 0.05.

Results
In all, 146 cardiac arrest team alarms were recorded for the 1-year study period (Table 1, Fig. 1). Of these,
86 (58.9%) were considered acute life-threatening alarms. For 23 patients (15.8%), the alarms were
triggered before they went into cardiac arrest. A total of 100 reasons for the alarms were recorded on the
Utstein-style case-report forms (Table 1).
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Table 1
Indications, locations and reasons for the 146 cardiac arrest team alarms.

Indication/ location/ reason Patients [n (%)]

With life threatening conditions 86 (58.9)

Cardiac arrest 68 (46.6)

Acute airway problem 6 (4.1)

Other life-threatening conditions 12 (8.2)

With non-life-threatening conditions 60 (41.1)

Syncope 25 (17.1)

Unspeci�c deterioration of clinical status 14 (9.6)

Suspected seizure 8 (5.5)

Do not attempt resuscitation order 2 (1.4)

Unintentional activation 11 (7.5)

Locations  

Central campus building 107 (73.3)

Wards 66 (45.2)

Cardiac Catheterisation Laboratory 28 (19.2)

Emergency Room 11 (7.5)

Operating Room 2 (1.4)

Peripheral campus pavilions 31 (21.2)

Not documented 8 (5.5)

Reason for cardiac arrest team alarmsa 100 (100)

Ongoing cardiopulmonary resuscitation 49 (49.0)

Heart rate < 40 bpm or > 140 bpm 16 (16.0)

Glasgow Coma Scale decrease ≥ 2 points 8 (8.0)

Blood pressure < 90 mmHg or rise from baseline > 40 mmHg 8 (8.0)

Respiration rate < 6 bpm or > 35 bpm 8 (8.0)

Peripheral oxygen saturation (SpO2) < 90% 4 (4.0)

acases can accumulate multiple reasons, ‡only if no objective reason could be de�ned
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Indication/ location/ reason Patients [n (%)]

Seizure 1 (1.0)

Seriously worried about patient‡ 3 (3.0)

acases can accumulate multiple reasons, ‡only if no objective reason could be de�ned

 

Sixty of the resuscitation alarms (41.1%) were not related to life-threatening conditions. Eleven of the
alarms (7.5%) were triggered unintentionally (by children, facility personnel, or during construction work).
Ten of the alarms (6.9%) were considered as miscommunication, as the medical emergency team should
have been called.

Most of the alarms came from the central campus building (n = 107; 73.3%), while 31 (21.2%) came from
peripheral campus pavilions. The locations of eight alarms (5.5%) were not recorded. In the central
campus building, the alarms came from wards (n = 66; 45.2%), the Cardiac Catheterisation Laboratory (n 
= 28; 19.2%), the Emergency Room (n = 11; 7.5%), and the Operating Room (n = 2; 1.4%).

Of the 60 alarms that were not related to life-threatening situations, signi�cantly more came from
peripheral campus pavilions (n = 20/31; 64.5%) compared to the central campus building (n = 40/107;
37.4%; p = 0.002). Overall, for all of the alarms, the mean time between an alarm and the arrival of the
cardiac arrest team was 3.0 ± 1.6 min.

In-hospital cardiac arrests
With 68 IHCAs recorded, this corresponded to an incidence of 1.56 in 1,000 admissions (admissions
during the study year: 43,697). The descriptive characteristics of the patients who experienced these 68
IHCAs are summarised in Table 2.
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Table 2
Demographic features and characteristics of the 68 patients with in-hospital cardiac arrests.

Demographic Location p

  Wards Cardiac Catheterisation Laboratory/ Emergency
Room/ Operating Room

 

Total patients(n) 40 28  

Male [n (%)] 25
(62.5)

24 (85.7) NS

Mean age (years) 63.0 ± 
15.8

71.9 ± 12.3 0.014

Arrest witnessed [n (%)] 26
(65.0)

28 (100)  

Time to cardiac arrest team
arrival (min)

3.4 ± 
2.0

2.2 ± 0.8 0.005

Initial rhythm [n (%)]      

Shockable 24
(60.0)

19 (67.9) NS

Non-shockable 6
(15.0)

8 (28.6) NS

Reason for cardiac arrest [n
(%)]

     

Cardiac 21
(52.5)

23 (82.1) 0.012

Pulmonary 5
(12.5)

1 (3.6) NS

Neurological/stroke 1 (2.5) 0 NS

Bleeding 2 (5.0) 2 (7.1) NS

Unknown 11
(27.5)

2 (7.1) NS

STEMI diagnosed [n (%)] 2 (5.0) 8 (28.6) NS

Time to ROSC (min) 7.2 ± 
8.4

9.6 ± 7.0 NS

Survival [n (%)]      

Immediate 20
(50.0)

23 (82.1) 0.04

STEMI, ST elevation myocardial infarction; ROSC, return of spontaneous circulation
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Demographic Location p

At 24 h 17
(42.5)

15 (53.6) NS

At 30 days 12
(30.0)

15 (53.6) NS

At 1 year 9
(22.5)

13 (46.4) 0.037

STEMI, ST elevation myocardial infarction; ROSC, return of spontaneous circulation

 

For 55 of these IHCA alarms (80.9%), the cardiac arrest was directly witnessed by a bystander. In 46 of all
IHCA alarms (67.6%), chest compressions and bag-mask ventilation were already being performed on
arrival of the cardiac arrest team, and in 24 of these 46 patients (52.2%), the self-adhesive pads of an
AED had already been attached, and in 13 of these 24 patients (54.2%) a shock has been delivered by the
basic life support team prior the arrival of the cardiac arrest team. For 5 of all IHCAs (7.4%), only chest
compressions were being delivered, and in another 5 (7.4%), no CPR had been attempted.

For the 40 patients (58.8%) where IHCAs occurred on wards, the cardiac arrest team took 3.4 ± 2.0 min to
reach them, which was signi�cantly longer than for the 28 patients (41.2%) who were in the Cardiac
Catheterisation Laboratory, Emergency Room or Operating Room (2.2 ± 0.8 min; p = 0.005). Comparing
these two patient groups further, although those with IHCAs on wards were signi�cantly younger (63.0 ± 
15.8 years vs. 71.9 ± 12.3 years; p = 0.014), it was the patients where the IHCAs occurred in the Cardiac
Catheterisation Laboratory, Emergency Room or Operating Room who had sustained ROSC more
frequently (20/40 vs. 23/28; 50.0% vs. 82.1%; p = 0.040) and who showed greater survival after 1 year
(9/40 vs. 13/28; 22.5% vs. 46.4%; p = 0.037), although this was not accompanied by better neurologic or
functional outcomes.

The patient neurological outcomes for the various recorded periods after resuscitation are summarised in
Table 3. Overall, almost three quarters of these patients (n = 49/68; 72.1%) had return of spontaneous
circulation during CPR, and overall, 43 patients (63.2%) initially survived (GOS > 1). Twenty-three patients
(33.8%) treated by the onsite basic life support team before the cardiac arrest team arrived, showed
already sustained ROSC with favourable neurological status (moderate to low disability: GOS 4, 4/68
[5.9%]; GOS 5, 19/68 [27.9%]). The remaining immediate surviving patients (n = 20/68; 29.4%) treated by
the cardiac arrest team with sustained ROSC showed on arrival at the Intensive Care Unit neurological
outcomes of persistent vegetative state (GOS 2: n = 3/68 [4.4%]), severe neurological status (GOS 3: n = 
6/68 [8.8%]) or were sedated (n = 11/68 [16.2%]).
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Table 3
Outcomes for the 68 patients following their in-hospital cardiac arrests.

Outcome Time from post cardiac arrest

  Immediate 24 h 30 days 1 year

ROSC at least 1 min during CPR [n (%)] 49 (72.1) - - -

Sustained ROSC/ overall survival [n (%)] 43 (63.2) 32 (47.1) 27 (39.7) 22 (32.4)

Glasgow Outcome Scale Scores [n (%)]        

1 (dead) 25 (36.8) 11 (16.2) 5 (7.4) 5 (7.4)

2–3 (poor outcome) 9 (13.2) 5 (7.4) 2 (2.9) 0

4–5 (favourable outcome) 23 (33.8) 24 (35.3) 23 (33.8) 20 (29.4)

Not assessable (sedated) 11 (16.2) 3 (4.4)    

Not assessable (language barriers)     2 (2.9) 2 (2.9)

Short-form-12 Health Survey (mean ± SD)        

Physical Component Summary - - 42.8 ± 7.7 47.0 ± 8.6

Mental Component Summary - - 47.0 ± 13.1 53.4 ± 7.4

ROSC, return of spontaneous circulation; CPR, cardiopulmonary resuscitation

 

Data on follow-up
Twenty-four hours after the IHCAs, nearly half of these 68 patients were still alive (n = 32; 47.1%).
Favourable neurological outcomes (i.e., GOS 4, 5) were recorded for the majority of these patients (n = 
24/32; 75.0%), although some had severe disability (GOS 3: n = 4/32; 12.5%) or were sedated (n = 3/32;
9.4%), and one patient was in a vegetative state (GOS 2: 3.1%). Eleven of the patients (16.2%) who
showed immediate post-IHCA survival then died within the �rst 24 h.

At 30 days, over one-third of the patients were still alive (n = 27/68; 39.7%). Excluding two patients who
were alive at follow up (at both 30 days and 1 year) where their neurological and functional status could
not be evaluated due to language barriers (n = 2/68; 2.9%), almost all of the patients who remained alive
(n = 23/27; 85.2%) showed favourable neurological status (GOS 4: n = 3/27, 11.1%; GOS 5: n = 20/27,
74.1%), with only two of these 27 (7.4%) in a severe state (GOS 3). Five of the patients who had survived
to 24 hours died within the �rst 30 days (n = 5/68; 7.4%).

At 1-year from these IHCAs, again with two patients with GOS unknown due to language barriers (2.9%),
there were 20 patients (29.4%) still alive, who also showed favourable neurological outcomes (GOS 4, n = 
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3, 4%, GOS 5, n = 17, 25%); none of these alive patients were recorded with GOS 2 or 3. Five patients
(7.4%) had died from 30 days to the end of the �rst year from these IHCAs.

For the SF-12 assessments of the alive and assessable patients after 30 days (n = 23/27), comparison
with the Physical Component Summary score of a healthy sample of the Swiss population (49.8 ± 8.6)
[38] showed a lower mean value (42.8 ± 7.7) (Table 3). However, this difference was not seen 1 year after
their IHCAs (47.0 ± 8.6). For the Mental Component Summary score after 30 days, comparing here to
healthy volunteers (46.3 ± 10.1), no signi�cant difference was seen for these surviving patients (47.0 ± 
13.1). These patients also showed a small, but not signi�cant, increase in their Mental Component
Summary score after 1 year (53.4 ± 7.4).

Discussion
This study analysed all of the adult cardiac arrest team interventions at a large Swiss university hospital
over 1 year. Perhaps surprising, 41.1% of all of these cardiac arrest team alarms were unrelated to life-
threatening events, with only about half of all of the alarms actually activated for a cardiac arrest. The
incidence and neurologic outcomes of this trial have provided data that are in agreement with similar
reports from other countries [1–7, 39]. Additionally, the 30-day and 1-year survivals, and their neurological
and functional outcomes, were a little higher than reported in other studies [2–4, 6, 7, 39, 40].

A 2018 systematic review that analysed more than one million IHCAs from 1992 to 2016 reported an
overall pooled 1-year survival of 13%, with a range of 6–28%, and large between-study variability [13]. In
contrast to the Swiss national data [41] and data from international registries [42] on incidence and
outcomes of OHCAs, data for IHCAs still remain underreported, with a general paucity of national Swiss
and European data registries.

Life-threatening situations like cardiac arrest or respiratory failure due to acute airway obstruction need
immediate and competent help for better survival. Therefore, the use of a low-threshold alarm system [43]
that can be activated by any healthcare worker in a hospital, or even by a visitor to the hospital, allows for
rapid rescue interventions. The downside of such a low-threshold alarm system is that alarms unrelated
to life-threatening events (i.e., ‘false alarms’) can also be triggered. Dukes et al. [20] underlined that such a
low-threshold alarm system is important for top performing hospitals in terms of IHCAs. Indeed, the low-
threshold alarm system in this large Swiss university hospital might explain the high proportion of
purported cardiac arrest alarms that were unrelated to life-threatening events.

Unsurprisingly, when larger distances need to be covered by the cardiac arrest team, this results in longer
times to reach the patients, although here this did not have any signi�cant in�uence on patient survival.
For hospitals that cover large areas of land or are spread over several �oors, reaching patients can pose a
problem. One way to overcome this is the constant teaching and training of the resuscitation competence
of ward personnel, with the aim being to provide early high-quality basic life support. Although in most
cases, the ward staff correctly applied the basic life support algorithm – which resulted in sustained
ROSC by the time the cardiac arrest team arrived for about one-third of these patients – some reports of
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incomplete or absent basic life support prior to arrival of the cardiac arrest team are of concern. Our
�ndings imply that hospitals should promote continuous efforts to educate the ward staff, focusing
speci�cally on overcoming the barriers to performing basic life support. Basic life support skills decrease
over time from 3 to 12 months after training, and therefore brief and frequent re-training is recommended
[44]. While the best timing for re-training is still under debate, a recent study showed that monthly training
of CPR skills is a highly effective method to improve performance [45], although this can be di�cult to
implement due to time constraints. Therefore, mandatory yearly short competence refresher courses
might be an easy way to better ensure the delivery of this early high-quality basic life support [25, 44].

For telephone alarm systems, the contact person might also be instructed to give advice to the person
calling, on how best to deliver basic life support until the cardiac arrest team arrives. In the OHCA setting,
CPR instructions delivered by telecommunicating dispatchers have been show to be independently
associated with improved survival and improved functional outcome [46], and these are highly
recommended by international resuscitation guidelines [14–16]. This might also be a suitable option to
ensure correct and effective IHCA treatment. Speci�c and adapted education [47] will be needed for these
in-hospital telephone dispatchers to be able to con�rm a cardiac arrest situation [48, 49], to provide
instructions for basic life support via the telephone, and to encourage the �rst arrivals to consider early
use of an AED [50, 51] while the cardiac arrest team is on its way. The potential in�uence of such
telephone dispatcher of CPR instructions on IHCA survival and favourable neurological long-term
outcomes should be investigated in future studies.

Limitations
The major study limitations here were the overall low reported numbers of cardiac arrest team alarms
over the 1-year observation period, and the loss of some patients during follow-up, mostly because further
assessment was not possible due to language barriers. Some cases had missing values in the Utstein-
style case report form. This and the relatively low numbers might have in�uenced the results of the
statistical analysis of these data. Also, as the paediatric and adult intensive care units were not included
in these observations, we cannot report outcome data for these patients. All in all, these limitations might
have resulted in an underestimation of the overall incidence of IHCA at Bern University Hospital. This
underlines the importance to report and integrate also such small numbers of local data into international
registries and databases, with the aim to further explore the incidence, survival and long-term outcomes
of IHCAs, and to de�ne national and regional differences.

Conclusions
This 1-year prospective observational study in one of the largest Swiss tertiary centres and university
hospitals showed an incidence of IHCAs of 1.56 in 1,000 hospital admissions. The 30-day survival rate
was 40%, with 34% with good neurological outcomes. One year later, 32% of these patients with IHCAs
remained alive, with 29% with favourable neurological outcomes. To improve patient outcome further,
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enhanced annual resuscitation competence refresher courses are needed, especially in large campus
areas where the time needed by the cardiac arrest team to reach the patient is crucial.

Abbreviations
AED, automated external de�brillator; CPR, cardiopulmonary resuscitation; GOS, Glasgow Outcome Scale;
IHCA, in-hospital cardiac arrest; OHCA, out-of-hospital cardiac arrest; ROSC, return of spontaneous
circulation

Declarations
Ethics approval and consent to participate

The study protocol was approved by the Ethics Commission of the Canton of Bern (KEK Nr.: 108/15). The
need for informed consent was waived by the Ethics Committee.

Consent for publication

Not applicable.

Availability of data and materials

The datasets analysed during the current study are available from the corresponding author on
reasonable request, with Ethics Committee approval.

Competing interests

RG is the ERC Board Director of Education and Training, and ILCOR Education, Implementation and Team
Task Force Chair. All of the other authors declare that they have no con�icts of interests.

Funding

This study was funded solely by the Department of Anaesthesia and Pain Medicine.

Authors' contributions

AF participated in the statistical analysis and interpretation of the data, and was a major contributor to
the �nal manuscript. DK participated in the primary data acquisition. LT participated in development of
the concept of the study. JK participated in the follow-up data acquisition. RG participated in
development of the concept of the study, interpretation of the data, and writing of the manuscript. JBE
participated in the statistical analysis, follow-up data acquisition and interpretation of data, and was a
major contributor to the manuscript. All of the authors have read and approved the �nal version of the
manuscript.



Page 15/21

Acknowledgements

First of all, we would like to thank all of the patients who participated in this study and were willing to
report widely on their functional and neurological status to contribute to this trial. We thank all of the
medicine students involved (Masters and Doctoral), the residents, nurses and attending anaesthetists,
and all of the other people from the Department of Anaesthesiology and Pain Medicine. Without their help
with the data acquisition, this study had not been possible. Finally, we would like to thank Christopher
Berrie for thoughtful revision of the manuscript.

References
1. Holmberg MJ, Ross CE, Fitzmaurice GM, Chan PS, Duval-Arnould J, Grossestreuer AV, Yankama T,

Donnino MW, Andersen LW, American Heart Association's Get With The Guidelines-Resuscitation I:
Annual Incidence of Adult and Pediatric In-Hospital Cardiac Arrest in the United States. Circ
Cardiovasc Qual Outcomes 2019, 12(7):e005580.

2. Qvick A, Radif M, Brever C, Myrvik JO, Schenk Gustafsson K, Djarv T: Survival of in-hospital cardiac
arrest in men and women in a large Swedish cohort. Scand J Trauma Resusc Emerg Med 2018,
26(1):108.

3. Andersen LW, Holmberg MJ, Lofgren B, Kirkegaard H, Granfeldt A: Adult in-hospital cardiac arrest in
Denmark. Resuscitation 2019, 140:31-36.

4. Nolan JP, Soar J, Smith GB, Gwinnutt C, Parrott F, Power S, Harrison DA, Nixon E, Rowan K, National
Cardiac Arrest A: Incidence and outcome of in-hospital cardiac arrest in the United Kingdom National
Cardiac Arrest Audit. Resuscitation 2014, 85(8):987-992.

5. Gräsner JT, Perkins G, Tjelmeland I, Masterson S, Herlitz J, Ortiz FR, Wnent J, Nolan J, Beinb RLB,
Lilja G et al: European Resuscitation Council Guidelines 2021: Chapter 2 - Epidemiology.
Resuscitation 2021, 161: xx–xx, In press.

�. Radeschi G, Mina A, Berta G, Fassiola A, Roasio A, Urso F, Penso R, Zummo U, Berchialla P, Ristagno
G et al: Incidence and outcome of in-hospital cardiac arrest in Italy: a multicentre observational study
in the Piedmont Region. Resuscitation 2017, 119:48-55.

7. Pound G, Jones D, Eastwood GM, Paul E, Hodgson CL, Investigators A-C: Survival and functional
outcome at hospital discharge following in-hospital cardiac arrest (IHCA): A prospective multicentre
observational study. Resuscitation 2020, 155:48-54.

�. Roedl K, Soffker G, Fischer D, Muller J, Westermann D, Issleib M, Kluge S, Jarczak D: Effects of
COVID-19 on in-hospital cardiac arrest: incidence, causes, and outcome - a retrospective cohort
study. Scand J Trauma Resusc Emerg Med 2021, 29(1):30.

9. Nolan JP: High-quality cardiopulmonary resuscitation. Curr Opin Crit Care 2014, 20(3):227-233.

10. Talikowska M, Tohira H, Finn J: Cardiopulmonary resuscitation quality and patient survival outcome
in cardiac arrest: A systematic review and meta-analysis. Resuscitation 2015, 96:66-77.



Page 16/21

11. Andersen LW, Holmberg MJ, Berg KM, Donnino MW, Granfeldt A: In-Hospital Cardiac Arrest: A Review.
JAMA 2019, 321(12):1200-1210.

12. Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP, Chamberlain AM, Chang
AR, Cheng S, Delling FN et al: Heart Disease and Stroke Statistics-2020 Update: A Report From the
American Heart Association. Circulation 2020, 141(9):e139-e596.

13. Schluep M, Gravesteijn BY, Stolker RJ, Endeman H, Hoeks SE: One-year survival after in-hospital
cardiac arrest: A systematic review and meta-analysis. Resuscitation 2018, 132:90-100.

14. Perkins GD, Graesner JT, Semeraro F, Olasveengen TM, Soar J, Lott C, Nolan J, Madar J, Van De
Voorde P, Mentzelopoulos SD et al: European Resuscitation Council Guidelines 2021: Chapter 1 -
Executive Summary. Resuscitation 2021, 161: xx–xx, In press.

15. Merchant RM, Topjian AA, Panchal AR, Cheng A, Aziz K, Berg KM, Lavonas EJ, Magid DJ, Adult B,
Advanced Life Support PB et al: Part 1: Executive Summary: 2020 American Heart Association
Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care. Circulation 2020,
142(16_suppl_2):S337-S357.

1�. Nolan JP, Maconochie I, Soar J, Olasveengen TM, Greif R, Wyckoff MH, Singletary EM, Aickin R, Berg
KM, Mancini ME et al: Executive Summary 2020 International Consensus on Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care Science With Treatment Recommendations.
Resuscitation 2020, 156:A1-A22.

17. Olasveengen TMea: European Resuscitation Council Guidelines 2021: Chapter 4 - Adult Basic Life
Support (and automated external de�brillation). Resuscitation 2021, 161: xx–xx, In press.

1�. Soar J, Böttiger B, Carli P, Couper K, Deakin C, Djärv T, Lott C, Nolan J, Olasveengen T, Paal P et al:
European Resuscitation Council Guidelines 2021: Chapter 5 - Adult advanced life support.
Resuscitation 2021, 161: xx–xx, In press.

19. Tirkkonen J, Skrifvars MB, Parr M, Tamminen T, Aneman A: In-hospital cardiac arrest in hospitals
with mature rapid response systems - a multicentre, retrospective cohort study. Resuscitation 2020,
149:109-116.

20. Dukes K, Bunch JL, Chan PS, Guetterman TC, Lehrich JL, Trumpower B, Harrod M, Krein SL,
Kellenberg JE, Reisinger HS et al: Assessment of Rapid Response Teams at Top-Performing
Hospitals for In-Hospital Cardiac Arrest. JAMA Intern Med 2019.

21. Etter R, Takala J, Merz TM: Intensive care without walls - introduction of a Medical Emergency Team
system in a Swiss tertiary care centre. Swiss Med Wkly 2014, 144:w14027.

22. Wurmb T, Vollmer T, Sefrin P, Kraus M, Happel O, Wunder C, Steinisch A, Roewer N, Maier S:
Monitoring of in-hospital cardiac arrest events with the focus on Automated External De�brillators--a
retrospective observational study. Scand J Trauma Resusc Emerg Med 2015, 23:87.

23. Semeraro F, Olasveengen TM, Böttiger B, Greif R, Cimpoesu D, Georgiou M, Schlieber J, Ristagno G,
Lippert F, Lockey AS et al: European Resuscitation Council Guidelines 2021: Chapter 3 - System
Saving Lives. Resuscitation 2021, 161: xx–xx, In press.



Page 17/21

24. Nolan J, Soar J, Cariou A, Cronberg T, Moulaert V, Friberg H, Sunde K, Sandroni C, Olasveengen T,
Skrifvars M et al: European Resuscitation Council Guidelines 2021: Chapter 7 - Post-resuscitation
care. Resuscitation 2021, 161: xx–xx, In press.

25. Greif R, Bhanji F, Bigham BL, Bray J, Breckwoldt J, Cheng A, Duff JP, Gilfoyle E, Hsieh MJ, Iwami T et
al: Education, Implementation, and Teams: 2020 International Consensus on Cardiopulmonary
Resuscitation and Emergency Cardiovascular Care Science With Treatment Recommendations.
Resuscitation 2020, 156:A188-A239.

2�. Edelson DP, Litzinger B, Arora V, Walsh D, Kim S, Lauderdale DS, Vanden Hoek TL, Becker LB, Abella
BS: Improving in-hospital cardiac arrest process and outcomes with performance debrie�ng. Arch
Intern Med 2008, 168(10):1063-1069.

27. Jahresbericht Inselgruppe 2018 [https://jahresbericht.inselgruppe.ch.]

2�. GRC Certi�cation „Cardiac Arrest Centre“ [https://www.grc-org.de/arbeitsgruppen-projekte/4-1-
Cardiac-Arrest-Center-Zerti�zierung]

29. Rott N, Scholz KH, Busch HJ, Frey N, Kelm M, Thiele H, Bottiger BW: Cardiac Arrest Center
Certi�cation for out-of-hospital cardiac arrest patients successfully established in Germany.
Resuscitation 2020, 156:1-3.

30. Cummins RO, Chamberlain D, Hazinski MF, Nadkarni V, Kloeck W, Kramer E, Becker L, Robertson C,
Koster R, Zaritsky A et al: Recommended guidelines for reviewing, reporting, and conducting research
on in-hospital resuscitation: the in-hospital ‘Utstein style’. Resuscitation 1997, 34(2):151-183.

31. Jacobs I, Nadkarni V, Bahr J, Berg RA, Billi JE, Bossaert L, Cassan P, Coovadia A, D'Este K, Finn J et al:
Cardiac arrest and cardiopulmonary resuscitation outcome reports: update and simpli�cation of the
Utstein templates for resuscitation registries. A statement for healthcare professionals from a task
force of the international liaison committee on resuscitation (American Heart Association, European
Resuscitation Council, Australian Resuscitation Council, New Zealand Resuscitation Council, Heart
and Stroke Foundation of Canada, InterAmerican Heart Foundation, Resuscitation Council of
Southern Africa). Resuscitation 2004, 63(3):233-249.

32. Nolan JP, Berg RA, Andersen LW, Bhanji F, Chan PS, Donnino MW, Lim SH, Ma MH, Nadkarni VM,
Starks MA et al: Cardiac Arrest and Cardiopulmonary Resuscitation Outcome Reports: Update of the
Utstein Resuscitation Registry Template for In-Hospital Cardiac Arrest: A Consensus Report From a
Task Force of the International Liaison Committee on Resuscitation (American Heart Association,
European Resuscitation Council, Australian and New Zealand Council on Resuscitation, Heart and
Stroke Foundation of Canada, InterAmerican Heart Foundation, Resuscitation Council of Southern
Africa, Resuscitation Council of Asia). Resuscitation 2019, 144:166-177.

33. Jennett B: ASSESSMENT OF OUTCOME AFTER SEVERE BRAIN DAMAGE A Practical Scale. The
Lancet 1975, 305(7905):480-484.

34. Wilson JT, Pettigrew LE, Teasdale GM: Structured interviews for the Glasgow Outcome Scale and the
extended Glasgow Outcome Scale: guidelines for their use. J Neurotrauma 1998, 15(8):573-585.



Page 18/21

35. Berger-Estilita J, Granja C, Goncalves H, Dias CC, Aragao I, Costa-Pereira A, Orwelius L: A new global
health outcome score after trauma (GHOST) for disability, cognitive impairment, and health-related
quality of life: data from a prospective cross-sectional observational study. Brain Inj 2019, 33(7):922-
931.

3�. Ware J, Jr., Kosinski M, Keller SD: A 12-Item Short-Form Health Survey: construction of scales and
preliminary tests of reliability and validity. Med Care 1996, 34(3):220-233.

37. Utah Health Status Update: Medical Outcomes Study SF-12 [https://collections.lib.utah.edu/details?
id=188302]

3�. Perneger TV, Burnand B: A simple imputation algorithm reduced missing data in SF-12 health
surveys. J Clin Epidemiol 2005, 58(2):142-149.

39. Hoybye M, Stankovic N, Holmberg M, Christensen HC, Granfeldt A, Andersen LW: In-Hospital vs. Out-
of-Hospital Cardiac Arrest: Patient Characteristics and Survival. Resuscitation 2021, 158:157-165.

40. Yonis H, Ringgren KB, Andersen MP, Wissenberg M, Gislason G, Kober L, Torp-Pedersen C, Sogaard P,
Larsen JM, Folke F et al: Long-term outcomes after in-hospital cardiac arrest: 30-day survival and 1-
year follow-up of mortality, anoxic brain damage, nursing home admission and in-home care.
Resuscitation 2020, 157:23-31.

41. Ruch R, Stoessel L, Stein P, Ganter MT, Button DA: Outcome, quality of life and direct costs after out-
of-hospital cardiac arrest in an urban region of Switzerland. Scand J Trauma Resusc Emerg Med
2019, 27(1):106.

42. Wnent J, Masterson S, Grasner JT, Bottiger BW, Herlitz J, Koster RW, Rosell Ortiz F, Tjelmeland I,
Maurer H, Bossaert L: EuReCa ONE - 27 Nations, ONE Europe, ONE Registry: a prospective
observational analysis over one month in 27 resuscitation registries in Europe - the EuReCa ONE
study protocol. Scand J Trauma Resusc Emerg Med 2015, 23:7.

43. Radeschi G, Urso F, Campagna S, Berchialla P, Borga S, Mina A, Penso R, Di Pietrantonj C, Sandroni C:
Factors affecting attitudes and barriers to a medical emergency team among nurses and medical
doctors: a multi-centre survey. Resuscitation 2015, 88:92-98.

44. Greif R, Lockey A, Conaghan P, Carmona F, Yeung J, Scapigliati A, Kuzovlev A, P�anzl-Knizacek L,
Breckwoldt J, Shammet S et al: European Resuscitation Council Guidelines 2021: Chapter 12 -
Education. Resuscitation 2021, 161: xx–xx, In press.

45. Anderson R, Sebaldt A, Lin Y, Cheng A: Optimal training frequency for acquisition and retention of
high-quality CPR skills: A randomized trial. Resuscitation 2019, 135:153-161.

4�. Wu Z, Panczyk M, Spaite DW, Hu C, Fukushima H, Langlais B, Sutter J, Bobrow BJ: Telephone
cardiopulmonary resuscitation is independently associated with improved survival and improved
functional outcome after out-of-hospital cardiac arrest. Resuscitation 2018, 122:135-140.

47. Birkenes TS, Myklebust H, Hardeland C, Kramer-Johansen J, Ong MEH, Shin SD, Panczyk M, Bobrow
BJ: HOW to train for telephone-CPR. Trends in Anaesthesia and Critical Care 2015, 5(5):124-129.

4�. Rea TD: Not just lip service: The lifesaving role of telephone CPR. Resuscitation 2016, 109:A2-A3.



Page 19/21

49. Drennan IR, Geri G, Brooks S, Couper K, Hatanaka T, Kudenchuk P, Olasveengen T, Pellegrino J,
Schexnayder SM, Morley P et al: Diagnosis of out-of-hospital cardiac arrest by emergency medical
dispatch: A diagnostic systematic review. Resuscitation 2021, 159:85-96.

50. Skogvoll E, Nordseth T: The early minutes of in-hospital cardiac arrest: shock or CPR? A population
based prospective study. Scand J Trauma Resusc Emerg Med 2008, 16:11.

51. Patel KK, Spertus JA, Khariton Y, Tang Y, Curtis LH, Chan PS, American Heart Association's Get With
the Guidelines-Resuscitation I: Association Between Prompt De�brillation and Epinephrine Treatment
With Long-Term Survival After In-Hospital Cardiac Arrest. Circulation 2018, 137(19):2041-2051.

Figures



Page 20/21

Figure 1

Study �owchart.
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