Fuchs et al. Scandinavian Journal of Trauma,

Scand J Trauma Resusc Emerg Med (2021) 29:115 Resuscitation and Emergency Med|c|ne
https://doi.org/10.1186/513049-021-00931-0

, ®
Survival and long-term outcomes sl

following in-hospital cardiac arrest in a Swiss
university hospital: a prospective observational
study

Alexander Fuchs' ®, Dominic Késer', Lorenz Theiler'?, Robert Greif'**, Jirgen Knapp' and
Joana Berger-Estilita'

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 21-30%. The Bern Univer-
sity Hospital is a tertiary medical centre in Switzerland with a cardiac arrest team 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 in the hospital are unknown. Our aim was to record all cardiac arrest team interven-
tions 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 car-
diac 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, after 1 and 5 years), 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 4 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 the first year lived
also to 5 years after the event with favourable neurological and functional status.

Conclusions: The in-hospital cardiac arrest incidence on a large tertiary Swiss university hospital was 1.56 per 1000
patient admissions. After a cardiac arrest, about a third of the patients survived to 5 years with favourable neurological
and functional status. Alarms unrelated to life-threatening situations are common and need to be taken into count
within a low-threshold alarming system.

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

The incidence of in-hospital cardiac arrests (IHCAs)
has been reported to be from 0.78 to 4.60 per 1000
patient admissions [1-7]. Despite immediate treatment
of IHCAs with high-quality cardiopulmonary resuscita-
tion (CPR) [8, 9], mortality remains high [10]. Patient
survival to hospital discharge or up to 30 days after an
IHCA has improved over recent years, and has been
reported to be around 25% in the United States and
up to 35% in European countries. Favourable neuro-
logical outcomes were observed in 85% of the survivors
in the United States and up to 95% of the survivors in
European countries [5, 10, 11]. Long-term survival of
these patients has also improved over the past 20 years,
although good functional outcomes after 1 year remain
at around 13% for IHCA survivors [12].

Fast and competent interventions based on current
resuscitation guidelines are essential for increased sur-
vival with good neuropsychological outcome after car-
diac arrest [13, 14]. As well as local implementation of
international resuscitation recommendations [15] and
guidelines [13, 14], potential key factors that influence
successful in-hospital resuscitation include: (1) a focus
on prevention and early recognition of cardiac arrest,
with immediate start of basic life support (BLS) [16];
(2) immediate activation of emergency responses to
IHCAs, to provide early high-quality advanced life sup-
port (ALS) [17]; (3) a high-performing hospital-wide
rapid response system consisting of a cardiac arrest
team and/or medical emergency team that are organ-
ised, well trained, and available 24 h per day, 7 days a
week [18-21]; (4) state-of-the-art post-resuscitation
care [22]; (5) performance-driven debriefings [23, 24];
and (6) recording of the institution resuscitation suc-
cess, with reporting of the results. These measures con-
tribute to further optimisation of local procedures and
maintain adherence to current guidelines [5, 21].

The Bern University Hospital is one of the largest ter-
tiary acute care hospitals in Switzerland, and it treats
about 47,000 inpatients and over 520,000 outpatients
annually [25]. It is also a certified referral cardiac arrest
centre [26]. Until recently, there was no central docu-
mentation of the cardiac arrest team interventions, and
no indication of their efficiency within the hospital.
Until now, there is 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 in a large Swiss Uni-
versity Hospital over 1 year, focusing specifically on the
early phase of the chain of survival. Our findings address
the gap in knowledge regarding (1) a large proportion of
the Swiss population, (2) the reasons behind the “weak-
est links” in the chain of survival in this population, and
(3) data on functional outcomes and health-related qual-
ity of life of cardiac arrest survivors over five years. Our
findings can also provide insight into potential challenges
in the alarming system, including false alarms and non-
technical barriers during resuscitation.

Methods

Ethics Commission approval and registration

The study protocol was approved by the Ethics Com-
mission of the Canton of Bern (KEK Nr: 108/15), and
was prospectively registered with ClinicalTrials.gov
(NCTO02746640). The need for informed consent was
waived by the Cantonal Ethics Committee. During the
follow-up, the purpose of the study was explained to
all IHCA survivors or their legal guardian by a mem-
ber of the study team, and all of them agreed to partici-
pate in further voluntary follow-ups per phone without
compensation.

Setting

In case of a cardiac arrest or an acute life-threatening
event either in ward patients or hospital visitors at the
Bern University Hospital, the cardiac arrest team is acti-
vated by the Department of Anaesthesiology and Pain
Medicine (for adults) or by the paediatric Intensive
Care Unit (ICU) (for children under age 16). Adult ward
patients with a non-life-threatening but rapidly dete-
riorating clinical conditions are primarily referred to the
medical emergency team (MET), activated from the adult
ICU. All three teams are available 24 h per day, 7 days a
week.

The cardiac arrest team for adults is composed of a
board-certified anaesthesiologist and a certified anaes-
thesia nurse who provide high-quality ALS conforming
to the guidelines of the European Resuscitation Council
(ERC). Quality is assured through education and fre-
quent training. The cardiac arrest team is summoned via
a centralised hospital-wide telephone number (“9999”) or
by pushing red “cardiac arrest” buttons located through-
out the hospital. If an alarm is triggered via the “cardiac
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arrest” button, there is no communication between the
cardiac arrest team and the alarming party. Once acti-
vated, the cardiac arrest team carries a resuscitation
cart with all equipment necessary for ALS monitoring
and treatment at the scene. All of the hospital staff are
trained to deliver high-quality BLS according to the ERC
guidelines and are instructed in the use of an automated
external defibrillator (AED). AEDs are placed at various
locations within the hospital campus, and can be used
until the cardiac arrest team takes over.

Cardiac arrests that occur in adult and paediatric ICUs,
the Cardiac Catheterisation Laboratory, Emergency
Rooms or Operating Rooms are treated primarily by the
professionals working in these settings. However, the car-
diac arrest team can be summoned to these areas as well.

Participants

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

On hospital admission, the “Do Not Attempt Resusci-
tation” (DNAR) order is individually discussed between
every patient (or their legal guardian) and the treat-
ing physicians. For our study, all participants previously
expressed their preference regarding DNAR.

Procedures and measures

During the day, the data were collected by an observer
who accompanied the cardiac arrest team, 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 [27], adapted for
IHCAs (Additional file 1: Digital Supplemental Con-
tent 1). The observer could report more than one reason
per case for an alarm. For IHCAs during the night, the
case report form was filled in by the cardiac arrest team,
and the medical team leader was interviewed about the
event the following day. The observer recorded ‘Return
Of Spontaneous Circulation’ (ROSC) during resuscita-
tion when it occurred for at least 1 min, and ‘sustained
ROSC’ was defined as no further chest compressions
needed for at least 20 min [28]. All patients with IHCA
treated by the cardiac arrest team were assessed neuro-
logically with the Glasgow Outcome Scale (GOS) [29,
30], either immediately after resuscitation on scene or on
arrival in the ICU, and again 24 h after the cardiac arrest.
Target Temperature Management for post-IHCA treat-
ment in the ICU was performed with the normothermia
protocol, with early treatment of fever (defined as a body
temperature > 37.8 °C). In the ICU, Target Temperature
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Management and sedation were administered to every
patient, according to local guidelines. Sedation interrup-
tion was started 24 h after IHCA, to allow for a daily neu-
rological assessment.

At 30 days and 1 year from the cardiac arrest, patients
were contacted by telephone for a 30-min interview to
assess their neurologic status, using the GOS, and their
functional status, using the Short-form-12 Health Sur-
vey (SF-12) [31, 32]. After 5 years, they were again con-
tacted by telephone and the GOS was reassessed. All of
the patient data were recorded separate from the hospi-
tal information system, and stored coded in a password-
protected departmental electronic research database,
according to the Swiss Federal Human Research Act.

Instruments
The GOS was used to categorise the neurological out-
comes. In brief, the GOS has five categories, where the
higher values define 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 ‘favour-
able neurological outcome’ Sedated patients during post-
resuscitation care were not assessed with GOS.
Health-related quality of life was assessed with the
SF-12, which comprises 12 questions that define 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 [28, 31].

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 abso-
lute numbers, and relative frequencies as percentages.
Continuous variables were described as means =+ stand-
ard 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-para-
metric data. Categorical variables were compared with
chi-squared tests or Fisher’s exact tests. The significance
level of probability was defined 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
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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 ( 1)
Other life-threatening conditions 2(8.2)

With non-life-threatening conditions 60 (41.1)
Syncope 25(17.1)
Unspecific deterioration of clinical status 4(9.6)
Suspected seizure ( 5)
Do not attempt resuscitation order 2(14)
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(14)
Peripheral campus pavilions 31(21.2)
Not documented 8(55)

Reason for cardiac arrest team alarms® 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 base- 8(8.0)

line>40 mmHg
Respiration rate <6 bpm or>35 bpm 8(8.0)
Peripheral oxygen saturation (SpO,) <90% 4(4.0)
Seizure 1(1.0)
Seriously worried about patient 3(3.0)

2 Cases can accumulate multiple reasons

* Only if no objective reason could be defined

they went into cardiac arrest. A total of 100 reasons for
the alarms were recorded on the Utstein-style case-
report forms (Table 1).

Sixty of the resuscitation alarms (41.1%) were not
related to life-threatening conditions. The main medical
diagnosis of these were 25 (17.1%) patients suffering from
syncope and 14 (9.6%) with unspecific deterioration of
clinical status. Eleven alarms (7.5%) were triggered unin-
tentionally (by children, facility personnel, or during con-
struction work). Ten alarms (6.9%) were considered as
miscommunication, as the MET should have been called
instead of the cardiac arrest team.

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%),
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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-threaten-
ing situations, significantly 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 inci-
dence of 1.56 in 1000 admissions (admissions during the
study year: 43,697). The descriptive characteristics of the
patients who experienced these 68 IHCAs are summa-
rised in Table 2.

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, in 24 of the above 46 patients
(52.2%), the self-adhesive pads of an AED had already
been attached, and in 13 of these later 24 patients (54.2%)
a shock has been delivered by the BLS team prior to 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 (58.8%) ward patients who suffered an
IHCA, the cardiac arrest team took 3.442.0 min to
reach them, which was significantly longer than for
the 28 patients (41.2%) who were in the Cardiac Cath-
eterisation 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 significantly younger (63.0+15.8 years vs.
71.9+12.3 years; p=0.014), for the patients where the
IHCAs occurred in the Cardiac Catheterisation Labora-
tory, Emergency Room or Operating Room, they had sus-
tained ROSC more frequently (20/40 vs. 23/28; 50.0% vs.
82.1%; p=0.040) and 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 vari-
ous recorded periods after resuscitation are summa-
rised in Table 3. Overall, almost three quarters of these
patients (n=49/68; 72.1%) had ROSC during CPR, and
43 patients (63.2%) initially survived (GOS>1). Eleven
patients were sedated (16.2%) after ROSC and therefore
could not be assessed at this point. Twenty-three patients
(33.8%) treated by the onsite BLS team showed already
sustained ROSC with favourable neurological status
(moderate to low disability: GOS 4, 4/68 [5.9%]; GOS 5,
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Total alarms triggered
(n=146)

Life-threatening situation?

No (n = 60), Excluded
Syncope (n=25)
Unspecific deterioration (n=14)

Yes (n=86)

Cardiac arrest?

Suspected seizure (n=8)
Unintentional (n=11)
Do not attempt resuscitation (n=2)

No (n =18), Excluded

Yes (n=68)
Included

Fig. 1 Study flowchart

Airway obstruction (n=6)
Life-threatening condition (n=12)

19/68 [27.9%]) before arrival of the cardiac arrest team.
The remaining immediate surviving patients (n=20/68;
29.4%) treated by the cardiac arrest team with sustained
ROSC showed, on arrival at the ICU, neurological out-
comes of persistent vegetative state (GOS 2: n=3/68
[4.4%]) and severe neurological status (GOS 3: n=6/68
[8.8%]).

Data on follow-up

Twenty-four hours after the IHCAs, nearly half of
these 68 patients were still alive (n=232; 47.1%). Three
patients were sedated (9.4%) and therefore could not be
assessed at this point. 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%), and one patient
was in a vegetative state (GOS 2: 3.1%). Eleven patients
(16.2%) who showed immediate post-IHCA survival died
within the first 24 h.

At 30 days, over one-third of the patients were still
alive (n=27/68; 39.7%). Excluding two patients alive
at follow up (at 30 days, 1 year and 5 years) that could
not be assessed neurologically 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 status (GOS
3). Five patients who had survived the first 24 h died
within the first 30 days (n=5/68; 7.4%).

One year after IHCA, there were 20 patients (29.4%)
still alive, who also showed favourable neurological out-
comes (GOS 4, n=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
first year from these IHCAs. Again, two patients (2.9%)
could not be assessed due to language barriers.

As for the SF-12 assessments of the alive and assessable
patients after 30 days (n=23/27), a comparison with the
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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) 63.04+15.8 7194123 0.014
Arrest witnessed [n (%)] 26 (65.0) 28 (100)
Time to cardiac arrest team arrival (min) 34420 22408 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(125) 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) 72484 96+70 NS
Survival [n (%)]
Immediate 20 (50.0) 23 (82.1) 0.04
At24h 17 (42.5) 15 (53.6) NS
At 30 days 12 (30.0) 15 (53.6) NS
At 1 year 9(225) 13 (46.4) 0.037
At 5 years 7(17.5) 13 (46.4) 0.015
Bold values are statistically significant (p < 0.05)
STEMI, ST elevation myocardial infarction; ROSC, return of spontaneous circulation
Table 3 Outcomes for the 68 patients following their in-hospital cardiac arrests
Outcome Time from post cardiac arrest
Immediate 24h 30d 1y 5y
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 (324) 20(29.4)
Glasgow Outcome Scale Scores [n (%)]
1 (dead) 25(36.8) 11(16.2) 5(74) 5(74)
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) 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 - - 428+77 47.0+£86 -
Mental Component Summary - - 47.0£13.1 53474 -

ROSC return of spontaneous circulation, CPR cardiopulmonary resuscitation

Physical Component Summary score of a healthy sample  For the Mental Component Summary score after 30 days,
of the Swiss population (49.8 +8.6) [32] showed a lower  compared to healthy volunteers (46.3+10.1), no sig-
mean value (42.8£7.7) (Table 3). However, this differ- nificant difference was seen (47.0+£13.1). These patients
ence balanced out at 1 year after their IHCAs (47.0£8.6).  also showed a small, but not significant, increase in
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their Mental Component Summary score after 1 year
(53.4+7.4).

Five years after IHCA, the 20 assessable one-year sur-
vivors were contacted again. All 20 patients (29.4%) were
still alive and all demonstrated favourable neurological
outcomes (GOS 4, n=3, 4%, GOS 5, n=17, 25%). None
of these patients had a GOS 2 or 3, and no IHCA survivor
had died between first and fifth year after.

Discussion

This study analysed all adult cardiac arrest team inter-
ventions at a large Swiss university hospital over 1 year.
The incidence of IHCA was 1.56 per 1,000 admissions.
Our data is in agreement with other studies [1-7, 33] as
European cohorts show an incidence ranging between
1.5 and 2.8 per 1,000 hospital admissions [5]. Addition-
ally, the 30-day (33.8%) and 1-year survivors (29.4%), and
their neurological and functional outcomes, were a little
higher than reported in other studies [2—7, 33, 34]. Pub-
lished survival rates at 30 days / hospital discharge vary
from 15 to 34% [5]. There are several reasons that could
explain our high survival rate. First, the majority of our
cohort had a shockable first rhythm. Not surprisingly, we
had greater attainment of ROSC and increased survival
in patients presenting with a shockable rhythm during
cardiac arrest, and this subset of patients included many
of those arresting in the Cardiac Catheterisation Labo-
ratory, Emergency Room or Operating Room. Previous
studies reported IHCA distribution of shockable rhythms
around 20% compared to non-shockable rhythms around
80%. Shockable rhythms are associated with better out-
comes (up to 40%) compared to non-shockable rhythms
(around 12%) [10, 35, 36]. A main reason for the high
prevalence of shockable rhythms in our cohort could be
the inclusion of patients who are highly monitored, espe-
cially in the cardiac catheterization laboratory, the male
predominance through our cohort [35], and finally the
low numbers of IHCA.

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% to 28%,
and large between-study variability [12]. Although our
findings are in agreement with such reports, the available
literature is often from single centres, making generaliz-
ability difficult, and ultimately all patients who die in hos-
pital die from a cardiac arrest [5]. Additionally, several
factors have been associated with survival, including the
initial rhythm, the place of arrest and the degree of moni-
toring at the time of collapse, which makes studies chal-
lenging to compare.

Finally, our relatively high survival rate may be
explained in part by the DNAR-order procedure at
the Bern University Hospital and the presence of a
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well-functioning MET team, which transfers deteriorat-
ing ward-patients to higher levels of care. This is cor-
roborated by studies showing that in countries where
withdrawal of life sustaining treatment is common, a
favourable neurological outcome is seen in over 90% of
IHCA patients [5].

False alarms

Perhaps surprisingly, 41.1% of all of this study’s 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. Life-threatening situations
like cardiac arrest or respiratory failure due to acute air-
way obstruction need immediate and competent help
for better survival. Therefore, the use of a low-threshold
alarm system [19, 37] that can be activated by any health-
care worker in a hospital, or even by a visitor to the hos-
pital, allows for rapid rescue interventions. The downside
of such a low-threshold alarm system is that alarms unre-
lated to life-threatening events (i.e., ‘false alarms’) can
also be triggered. Dukes et al. [19] underlined that such
a low-threshold alarm system is important for top per-
forming hospitals in terms of IHCAs.

This study also revealed syncope as the main medical
reason for alarms unrelated to life-threatening situations.
From a bystander’s perspective the difference between a
syncope and a collapse due to cardiac arrest can be ini-
tially difficult to discriminate. For the Bern University
Hospital, hospital staff are advised and encouraged to
activate the cardiac arrest team as soon as possible, aim-
ing to shorten the time to arrival and therefore improve
the patient's outcome [5]. Our findings are in line with
other reporting on false cardiac arrest alarms [38], where
the most frequent reasons for false alarms were collapse
or vasovagal syncope. Surprisingly, patients with a false
alarm had lower survival rates than the general hospital-
ised population. These findings help to raise awareness
that even alarms that are not life-threatening should be
taken seriously, as these patients may have higher mor-
tality. It is better to alert the cardiac arrest team when
they’re not needed, than to fail to notify them when
they are. The burden to delay the activation of the car-
diac arrest team should be low as the potential harm of
inappropriate activation is negligible. 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.

On the other hand, unintentional alarming through
“cardiac arrest” buttons is rather difficult to avoid, even
if these buttons are covered with a plastic barrier to lift
before activation. To fulfil their purpose, these buttons
need to be easily reachable in locations where telephones
are not available. This can also make them reachable for



Fuchs et al. Scand J Trauma Resusc Emerg Med (2021) 29:115

children. Finally, visitors often do not know their pur-
pose and could misinterpret them as an option to call the
responsible nurse of the ward.

Finally, miscommunication was identified as a com-
mon reason for alarming the cardiac arrest team instead
of the MET. As the Bern University Hospital frequently
trains and employs new staff, this high personnel turno-
ver with a lack of a proper educational program may be
responsible for the unfamiliarity of the activation crite-
ria for the cardiac arrest team or the MET. On the other
hand, trained staff is known to communicate suboptimal
in emergency situations [39], particularly if their non-
technical competencies are not refreshed [40].

Role of teaching and “boost refreshers”

We verified that the cardiac arrest team took more time
to reach patients in peripheral wards, although this did
not influence patient survival. For hospitals that cover
large areas of land or are spread over several floors,
reaching patients can pose a problem. One way to over-
come this is the constant teaching and training of the
resuscitation competence of ward personnel, with the
aim being to provide early high-quality BLS. In most
cases, the ward staff correctly applied the BLS algorithm,
which resulted in sustained ROSC by the time the cardiac
arrest team arrived for about one-third of these patients.
Some reports of incomplete (n=5, 7.4%) or absent (n=5,
7.4%) BLS prior to arrival of the cardiac arrest team are
of concern. Our findings imply that hospitals should pro-
mote continuous efforts to educate the ward staff, focus-
ing specifically on overcoming the barriers to performing
BLS. Lauridsen et al. categorized barriers and facilitators
for in-hospital resuscitation in four different domains
(treatment, teamwork, leadership, and communication)
[39]. In our study we can confirm some of the findings
regarding barriers: for “treatment’, occasionally BLS was
performed without appropriate equipment (missing face-
mask ventilation or AED) and there were cases of missing
handover information (especially regarding comorbidi-
ties of the patient). For “BLS teamwork’, overcrowded
scenes (especially during day-shifts on wards) were
reported, and role allocation was often not clear. For
“leadership’, the incoming cardiac arrest team was often
uncertain who was leading the BLS team. Finally, “com-
munication within the BLS team” was found to be rather
loud, unclear and not in closed loops.

We also confirm some facilitators. The cardiac arrest
team members are familiar with the resuscitation cart,
and they are trained to fill more than one role in a resus-
citation team with the ability to change roles performing
ALS. Leadership was clearly defined and they communi-
cated in a closed loop manner.
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BLS skills decrease over time from 3 to 12 months after
training, and therefore brief and frequent re-training is
recommended [41]. While the best timing for re-training
is still under debate, a recent study showed that monthly
training of CPR skills is highly effective to improve per-
formance [42], although implementation would difficult
due to time constraints. Therefore, mandatory yearly
short competence refresher courses might be an easy way
to ensure delivery of early high-quality BLS [23, 41].

As for telephone alarm systems, the contact person
might also be instructed to give advice to the person call-
ing, on how best to deliver BLS until the cardiac arrest
team arrives. In OHCA setting, CPR instructions deliv-
ered by telecommunication dispatchers have been shown
to be independently associated with improved survival
and improved functional outcome [43], and these are
highly recommended by international resuscitation
guidelines [13-15]. This might also be a suitable option
to ensure correct and effective IHCA treatment. Specific
and adapted education will be needed for these in-hospi-
tal telephone dispatchers to be able to confirm a cardiac
arrest situation, to provide instructions for BLS via the
telephone, and to encourage the first rescuer to consider
early use of an AED while the cardiac arrest team is on its
way. The potential influence of dispatchers who deliver
CPR instructions via the telephone should be looked at in
the context of IHCA survival, and favourable neurologi-
cal 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 was more frequent for cardiac arrest alarms dur-
ing late-shifts or night-shifts, where personnel capac-
ity is reduced compared to day-shifts and the cardiac
arrest team had to be interviewed retrospectively. This,
and the relatively low numbers of ICHA patients, might
have influenced our results. Therefore, we avoided any
data adjustment, and further interpretation needs to be
performed cautiously. Moreover, as IHCAs from paedi-
atric and adult ICUs were not included in the study, we
cannot report outcome data for these patients. All in all,
these limitations might have resulted in an underestima-
tion of the overall incidence of IHCA at Bern Univer-
sity Hospital. Additionally, because cardiac arrest team
members were being observed by an external person, we
cannot exclude the possibility of the Hawthorne effect
influencing reported team performance. This underlines
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the importance of reporting and integrating even small
amounts of local data into international registries and
databases, with the aim of further exploring the inci-
dence, survival and long-term outcomes of IHCAs, and
defining national and regional differences.

Conclusions

This 5-year prospective observational study reports sur-
vival data of in-hospital cardiac arrests recorded over
one year in one of the largest Swiss tertiary centres and
university hospitals. We reported an incidence of IHCAs
of 1.56 in 1,000 hospital admissions. The 30-day survival
rate was 40%, with 34% having good neurological out-
comes. One year later, 32% of IHCA patients remained
alive, with 29% having a favourable neurological out-
come. Five years after IHCA all assessable survivors
(29%) remained with a favourable neurological outcome.
To improve patient outcome further, enhanced annual
resuscitation competence refresher courses are needed,
particularly in large campus areas where cardiac arrest
teams need more time to reach patients. High numbers
of alarms for patients with non-life-threatening con-
ditions also need to be taken into count within a low-
threshold alarm system.
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