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a b s t r a c t

Background: Critical incident reports can identify areas for improvement in resuscitation practice. The
Danish Patient Safety Database is a mandatory reporting system and receives critical incident reports
submitted by hospital personnel. The aim of this study is to identify, analyse and categorize critical
incidents related to cardiac arrests reported to the Danish Patient Safety Database.
Methods: The search terms “cardiac arrest” and “resuscitation” were used to identify reports in the Danish
Patient Safety Database. Identified critical incidents were then classified into categories.
Results: One hundred and seven reports describing 122 separate incidents were identified and classified
into incidents related to: alerting the resuscitation team (n = 32; 26%), human performance (n = 22; 18%),
equipment failure (n = 19; 16%), resuscitation equipment not available (n = 13; 11%), physical environment
(n = 14; 11%), insufficient monitoring (n = 14; 11%), and medication error (n = 8; 7%).

Conclusion: Critical incidents related to cardiac arrest occur due to logistical, technical, teamworking and
knowledge problems. These findings should be considered when planning education and implementing

resuscitation practice.

. Introduction

Healthcare personnel do not reliably adhere to international
uidelines for in-hospital resuscitation.1–3 Resuscitation is a
omplex, time-critical and stressful task that requires good team-
orking between healthcare staff. Therefore, performance may not

e optimal, especially when team members are not well trained in
ollowing current guidelines. Little is known about what happens
hen things go wrong. One source of information about avoidable

esuscitation failures is adverse event reports describing incidents
here actions or omissions by healthcare staff lead to potential or

ctual patient harm. Systems that collect and disseminate learning
rom narratives of incidents may help identify areas for improving
atient safety.4–7
The aim of this study is to identify, analyse and categorize critical
ncidents related to cardiac arrest from the Danish Patient Safety
atabase [DPSD].

� A Spanish translated version of the abstract of this article appears as Appendix
n the final online version at doi:10.1016/j.resuscitation.2009.10.018.
∗ Corresponding author at: Danish Institute for Medical Simulation, Herlev Hos-
ital, Herlev Ringvej 75, DK 2730 Herlev, Denmark.

E-mail addresses: poa@dadlnet.dk (P.O. Andersen), rm9@bbh.regionh.dk
R. Maaløe), boje@man.dtu.dk (H.B. Andersen).
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2. Methods

Danish law exempts this type of research from ethical board
approval.

2.1. Data collection

The Danish Act on Patient Safety, which was the first national,
confidential and non-punitive adverse incident reporting system,
was introduced in 2004 with the purpose of supporting learning
from experience. It requires healthcare personnel to report any
adverse event they may observe. An adverse event or incident is
any event “that results from treatment at or stay in a hospital, and
which is not caused by the patient’s illness, and which is either harmful
or could have been harmful . . . Adverse events include both previously
known and unknown events and errors”.8

Personnel reporting events are protected by law against disci-
plinary or any legal sanctions based on information contained in
their reports. Reports are submitted and analysed at a local level

and are subsequently collected in anonymous form by the Board of
Health in the DPSD.9

We searched the DPSD for reports received between January
2004 and March 2006 using the keywords “<cardiac arrest> or
<resuscitation>”.

http://www.sciencedirect.com/science/journal/03009572
http://www.elsevier.com/locate/resuscitation
http://dx.doi.org/10.1016/j.resuscitation.2009.10.018
mailto:poa@dadlnet.dk
mailto:rm9@bbh.regionh.dk
mailto:boje@man.dtu.dk
dx.doi.org/10.1016/j.resuscitation.2009.10.018
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Table 1
Types and definitions of incidents.

Main category Sub-category n % Definition

Incidents related to
alerting the
resuscitation team

Error during telephone call 6 5% Line blocked; no answer to call;
misunderstood messages

Wrong or no information about
location on pager

5 4% Not possible to identify location of cardiac
arrest

No dispatch signal or phone call 5 4% Signal or phone call not detected by
resuscitation personnel

Dispatch or telephone system “down” 4 3% Breakdown of entire dispatch system
Resuscitation personnel not answering
pager or phone

3 2% No cause described

Wrong person called 1 1% Wrong person called on pager
Cell phone interference 1 1% Activating dispatch system
Late or no arrival of personnel 7 6% Late or no arrival—no cause described

Sub-total 32 26%

Incidents related to
human performance

Lack of organized co-operation in
resuscitation team

11 9% Unwillingness to help, poor communication,
poor leadership, poor decision-making, no
clear roles

Lack of knowledge about equipment 6 5% Defibrillators, ventilation bag, contents of
equipment bags

Lack of knowledge about procedures 5 4% Resuscitation algorithm; safe defibrillation

Sub-total 22 18%

Malfunction of
technical equipment

Defibrillator not functioning 13 11% Unable to defibrillate or pace
Suction not functioning 4 3% Not described in further details
Ventilation equipment or oxygen
supply not functioning

2 2% Valves jammed, low flow on oxygen

Sub-total 19 16%

Resuscitation equipment not available Lack of technical equipment expected
to be available at certain location

13 11% Defibrillators, oxygen supply, Zoll-pads,
paediatric life support equipment, other
equipment, non-specified equipment

Sub-total 13 11%

Physical environment Physical Surroundings obstructing or
delaying resuscitation

14 11% Locked door, locked medication safe,
Escalators not working

Sub-total 14 11%

Insufficient monitoring
or therapy

Delay in transfer 5 4% Delayed transfer of critically ill patient to
relevant ward

Delay in therapy 4 3% No or late therapy of patients with recognised
signs of critical illness

No monitoring 4 3% Delayed or no monitoring of patients with
clinical signs of critical illness

No information 1 1% No information about pre-hospital patient
with signs of critical illness

Sub-total 14 11%

Medication error Administered 2 2% Wrong dose or wrong medicine
Prepared not 2 2% Wrong dose
Causing cardiac arrest 3 2% Medication leading to cardiac arrest

p
c
S
s
r

c

•

•

Placement

Sub-total
Total

The total number of reports received by the DPSD during this
eriod was 13,554. Our search identified 180 reports, of which 155
ontained the term “cardiac arrest” and 25 the term “resuscitation”.
ome reports described several incidents (e.g., when the reporting
taff member included the description of two separate incidents
elated to the same resuscitation event).

Reports were screened according to the following definition and
riteria:
Definition of an incident related to cardiac arrest: Any incidents
related to a resuscitation attempt, the physical surroundings, or
any resuscitation equipment used.
Inclusion criteria: Any incidents clearly describing that a car-
diac arrest had occurred or that the hospital’s resuscitation team
1 1% Atropine where supposed to be adrenalin

8 7%
122 100%

had been activated. Also included was any report describing
situations where a potential cardiac arrest was clearly associ-
ated with inadequate monitoring, medication or treatment of a
patient.

• Exclusion criteria: Any reports with insufficient information to
relate the cardiac arrest and the reported incident; and any
report describing cardiac arrest in high-risk situations such as
cardiac surgery where cardiac arrest is a well-known potential
risk.
Sixteen of the incident reports were reported twice and one
incident reported three times. After excluding these, 162 incident
reports were analysed. Fifty-five incident reports were excluded
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Fig. 1. The screening process.

ollowing the exclusion criteria. Finally 107 reports were selected
or data analysis. The process is illustrated in Fig. 1.

Outcome: Incident reports were categorized in terms of possible
urvival data. Furthermore, it was investigated if any of the incident
eports explicitly defined the incident as causing the death of the
atient.

.2. Data analysis

The data were analysed by the first two authors, each of whom
as clinical experience in resuscitation. The 107 incident reports
ere first examined by both authors to identify the main categories

f incidents and factors involved in these. Reports were subse-
uently analysed by both authors to identify if they contained one,
wo or more incidents. Incidents were then discussed and cate-
orized by consensus into 7 primary categories and 24 secondary
ategories (see Table 1). Finally, all reports were categorized in
erms of patient outcome (see Table 2).

. Results

Out of 107 reports, 100 describe one incident and the remaining
describe two or more incidents, giving a total of 122 incidents
hich were then categorized. Among the 107 reports four involved
aediatric patients.
.1. Incidents related to alerting the resuscitation team

This category represents the largest group of incidents (n = 32;
6% of the total sample). When alerting and dispatch systems fail to
ork as intended, the arrival of the resuscitation team is delayed.

able 2
atient outcome.

Type of outcome described in report n %

Incident causing death or harm to patient 0 0%
Incident where patient survived 18 17%
Incident where patient died 19 18%
No outcome described 70 65%

Total 107 100%
tion 81 (2010) 312–316

The incidents are related to different alerting and dispatch sys-
tems that use either a telephone or radiopager. Incidents related to
a telephone system (described in six reports) include: line blocked
during attempt to call the cardiac arrest team, phone exchange
not answering a call from a ward requesting a cardiac arrest team,
delayed arrival of cardiac arrest team despite repeated calls from
ward, and one or more resuscitation team members receiving the
wrong information about the patient location. In two cases of
patients at risk of cardiac arrest the delayed arrival of personnel
was caused by misunderstandings during telephone communica-
tion.

For radiopager incidents, there were five reports of problems
with finding the right location (e.g., building) because of inadequate
information on the radiopager and one report of paging the wrong
person.

Nine incidents describe breakdown of the alerting system or no
signal detected on the radiopager or phone. Three reports stated
that the resuscitation personnel did not respond, but do not pro-
vide a reason why there was no response. Finally, one report
describes the alerting system not working because of interference
from mobile phone signals.

Seven reports describe situations where personnel arrive late
or not at all. These incidents are potentially linked to the alerting
procedure, but are categorized separately because they do not refer
to the alerting system, stating only that arrival was late.

3.2. Incidents related to human performance

These incidents (n = 22; 18%) are divided into two main groups: a
group (n = 11) describing interpersonal problems amongst the team
and insufficient knowledge about equipment and guidelines (six
and five reports, respectively).

Eleven incidents involved disorganized resuscitation attempts
related to inadequate communication or unclear team leadership
and roles. In one case, two potential team leaders were simultane-
ously telling the team which drugs to administer. Problems with
roles include: uncertainty about who should give drugs, who is the
leader, who brings the equipment, and work distribution in two
simultaneous cardiac arrests. Problems with leadership include
unclear decisions about starting chest compressions or termination
of treatment. Communication problems are described as “chaotic
situations” with several individuals talking at the same time, issu-
ing vague or conflicting information.

Lack of knowledge about equipment and guidelines is described
in eleven incidents, including lack of essential knowledge about
the use of the defibrillator and resuscitation algorithm. Three
incidents describe unfamiliarity with the contents of the resus-
citation bag and another three incidents describe problems with
use of defibrillators and safe defibrillation. Insufficient knowledge
of basic or advanced life support guidelines is described in four
reports and in one report no-one is able to use the bag mask
device.

3.3. Equipment failure

There were 19 (16%) cases related to equipment failure, out of
which 13 (11% of the total sample) involved defibrillator problems.
Seven of these describe the defibrillator as “not functioning” or
unable to charge; three describe electrode problems while defib-

rillating or analyzing the heart rhythm. One defibrillator was not
working after delivering a shock, one had defective pace-electrodes,
and one had a low battery.

In four incidents the suction equipment did not work and in two
incidents there were problems with ventilation equipment and the
oxygen supply.
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.4. Resuscitation equipment not available

These reports (n = 13; 11%) described situations when resus-
itation equipment was not immediately available for use at the
ocation of the cardiac arrest patient. They include: defibrilla-
ors (n = 3), pacing electrodes or defibrillator cables (n = 2), oxygen
r oxygen tubing (n = 2), suction or suction tubing (n = 2), blood
ressure monitors (n = 2), ECG-electrodes (n = 1) and paediatric
esuscitation equipment (n = 1).

.5. Physical environment

This category (n = 14; 11%) contained reports of access to
atients in cardiac arrest or access to vital equipment being com-
romised by locked doors or other physical obstructions.

Six reports described cardiac arrests in bathrooms, where either
he door was locked or the patient was on the floor obstructing
he door. In two incidents doors were locked and resuscitation
ersonnel were delayed. Two reports described difficulty access-

ng drugs caused by locking systems in the medication room. Four
eports described situations, where the elevator goes in the wrong
irection, a blocked ambulance driveway preventing access for a
re-hospital patient in cardiac arrest; a hospital bed stuck and com-
romising chest compressions and cardiac arrest in a small room
ith too little space to manoeuvre.

.6. Insufficient patient monitoring or patient therapy

This category (n = 14; 11%), describing “the patient at risk” of
ardiac arrest, is heterogeneous. In five reports patients were not
ransferred to a specialist ward due to miscommunication, avail-
bility of personnel or because another patient required emergency
are. These reports included patients with myocardial infarction,
eningococcal sepsis, cholecystitis with sepsis, total AV-block, and

n abdominal emergency. In four reports signs of critical illness
ere missed, including a cyanotic patient, ventricular tachycar-
ia on the monitor, severe anaemia and continuous tachycardia
f unknown origin. Four reports described patients, where inten-
ive monitoring or patient observation might have prevented a
ritical situation, e.g. patients with low oxygen saturation (n = 2),
ardiac arrest during transport of anaesthetized patient (n = 1) and
ate chest radiograph after gastric intubation (n = 1).

Finally, one case described inadequate communication about a
ritically ill, pre-hospital patient prior to arrival in the hospital.

.7. Medication error

This category had few cases: wrong dose of adrenaline (n = 1),
tropine instead of adrenaline (n = 1) given during resuscitation.
rong dose of adrenaline (n = 1) and too high a concentration of

miodarone (n = 1) prepared, but not given. In three reports an infu-
ion of intravenous potassium, acetylcysteine and a combination of
rugs caused cardiac arrest or respiratory arrest.

.8. Outcome

Seventy reports (65%) did not include an outcome. Thirty-seven
escribed an outcome, of which 18 (17%) stated that the patient
urvived, and 19 (18%) that the patient died. No report stated that
he critical incident caused the patient’s death (see Table 2).
. Discussion

Incidents related to cardiac arrests represent 0.9% of the total
umber of incidents reported to the database during the study
eriod.
tion 81 (2010) 312–316 315

The 32 (26%) incidents related to alerting the resuscitation team
is comparable to the number reported10 from the Capital Region
of Denmark, where a search of four databases (national and local)
identified 152 incidents related to cardiac arrest where (26%)
involved alerting problems. If a resuscitation team member fails
to arrive, it may prevent the team from implementing guidelines
and compromise patient treatment. The effectiveness of resusci-
tation teams also depends on efficient leadership.11 Even though
ward staff are expected to start CPR on patients in cardiac arrest,
the resuscitation team often brings the defibrillator and attempts
defibrillation. Survival of patients in cardiac arrest with a shock-
able rhythm worsens with increasing delay between collapse and
defibrillation.12,13 Different local solutions on how to alert the
resuscitation team make this a vulnerable part in “the chain of
survival”.14

Eleven incidents describe poor co-operation between resuscita-
tion team members involving poor leadership, communication and
co-ordination of tasks. Resuscitation teaching programmes15–17

recommend that these non-technical skills be included in train-
ing, and similarly, the teaching of such skills are successfully used
in other safety-critical domains requiring teams to deliver high-
tempo, co-ordinated performance.18–22 In addition, studies point
out that leadership and communication are an important during
resuscitation,11,23 and educational programmes including these
aspects show a positive effect on the treatment of simulated cardiac
arrest.17

In the category “equipment failure” 13 critical incidents
described problems with the defibrillator. Only three reports
included under the category “related to human performance”
described problems in using a defibrillator. Treating a cardiac arrest
is very stressful, and stress is known to lead to misunderstand-
ings and incorrect use of equipment.24 The reports do not state
whether the cause of the technical problem was inability to use the
defibrillator, but user problems are well-known.25

In the category resuscitation equipment not available, defibrilla-
tors or defibrillator cables were not present in five incidents.

The category “insufficient monitoring or therapy” is of special
interest as these incidents illustrate the important focus on the first
link in “the chain of survival”. Increasing interest in Medical Emer-
gency Team-systems support the importance of these findings.26

Pre-arrest interventions such as increased monitoring, oxygen and
fluid therapy are important actions to prevent cardiac arrest. As
such, studying critical incidents related to pre-arrest situations are
important for defining a model of cardiac arrest treatment.

Medication problems are few and all of them describe situa-
tions with wrong dosage or drug. Strategies for where and how to
store medication as well as strategies for communication when the
medication is given might reduce this problem.

Finally, a limitation of this study is that previous studies have
shown that only a small proportion of critical incidents are reported
all.27 There is no national database of in-hospital cardiac arrests
in Denmark, nor has any study been published that assesses their
incidence. We have not been able to assess the extent of underre-
porting.

4.1. Outcome

Most reports (65%) do not describe patient outcome. This partly
reflects the purpose of the database, namely, that it supports
learning from experience. Thus, it is not a requirement that the

reporting staff member reports the patient outcome. No incident
was reported to directly cause patient death for the incidents we
studied. For some incidents harm may be delayed (e.g. neurological
damage, mortality) and the person reporting the incidence may be
unaware of this delayed harm.
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. Conclusion

Performance of in-hospital resuscitation is sometimes com-
romised by critical incidents related to logistics, resuscitation
quipment problems, poor teamwork, and inadequate knowl-
dge of equipment and guidelines. There appears to be room for
mprovement with respect to timely arrival of resuscitation team
ersonnel, familiarity with and recurrent testing of defibrillators
nd improved detection of patients at risk of cardiac arrest. To
mprove compliance with national guidelines, it is necessary to
nclude the lessons learned from critical incident reports in the
ducation of resuscitation personnel and the planning of the resus-
itation team response for each hospital.
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