PDF hosted at the Radboud Repository of the Radboud University
Nijmegen

The following full text is a publisher's version.

For additional information about this publication click this link.
http://hdl.handle.net/2066/154903

Please be advised that this information was generated on 2019-02-16 and may be subject to
change.

ORIGINAL ARTICLE

Crew Resource Management in the Intensive Care Unit: a
prospective 3-year cohort study
M. H. T. M. Haerkens1, M. Kox1,2, J. Lemson1, S. Houterman3, J. G. van der Hoeven1 and P. Pickkers1
1

Department of Intensive Care Medicine, Radboud University Medical Center, Nijmegen, The Netherlands
Department of Anesthesiology, Radboud University Medical Center, Nijmegen, The Netherlands
3
Department of Education and Research, Catharina Hospital, Eindhoven, The Netherlands
2

Correspondence
M. H. T. M. Haerkens, Department of Intensive
Care Medicine, Radboud University Medical
Centre, Internal mail 710, Geert Grooteplein
10, 6500 HB Nijmegen, The Netherlands
E-mail: marck.haerkens@radboudumc.nl
Conflicts of interest
MH, a board-certified surgeon and retired
Netherlands Royal Air Force pilot, has founded
the Dutch organization “Wings of Care” with
the aim to implement patient safety measures
on a national level. The other authors have no
conflict of interest to declare.
Funding
All training, implementation and collection of
data were funded by the Radboudumc
Department of Intensive Care Medicine. No
additional funding was obtained.
Submitted 19 March 2015; accepted 28 May
2015; submission 19 November 2014.
Citation
Haerkens MHTM, Kox M, Lemson J,
Houterman S, van der Hoeven JG, Pickkers P.
Crew Resource Management in the Intensive
Care Unit: a prospective 3-year cohort study.
Acta Anaesthesiologica Scandinavica 2015
doi: 10.1111/aas.12573

Background: Human factors account for the majority of adverse
events in both aviation and medicine. Human factors awareness
training entitled “Crew Resource Management (CRM)” is associated with improved aviation safety. We determined whether
implementation of CRM impacts outcome in critically ill patients.
Methods: We performed a prospective 3-year cohort study in a
32-bed ICU, admitting 2500–3000 patients yearly. At the end of
the baseline year, all personnel received CRM training, followed
by 1 year of implementation. The third year was defined as the
clinical effect year. All 7271 patients admitted to the ICU in the
study period were included.
The primary outcome measure was ICU complication rate. Secondary outcome measures were ICU and hospital length of stay,
and standardized mortality ratio.
Results: Occurrence of serious complications was 67.1/1000
patients and 66.4/1000 patients during the baseline and implementation year respectively, decreasing to 50.9/1000 patients in
the post-implementation year (P = 0.03). Adjusted odds ratios for
occurrence of complications were 0.92 (95% CI 0.71-1.19,
P = 0.52) and 0.66 (95% CI 0.51-0.87, P = 0.003) in the implementation and post-implementation year. The incidence of cardiac
arrests was 9.2/1000 patients and 8.3/1000 patients during the
baseline and implementation year, decreasing to 3.5/1000 patients
(P = 0.04) in the post-implementation year, while cardiopulmonary resuscitation success rate increased from 19% to 55% and
67% (P = 0.02). Standardized mortality ratio decreased from 0.72
(95% CI 0.63-0.81) in the baseline year to 0.60 (95% CI 0.530.67) in the post-implementation year (P = 0.04).
Conclusion: Our data indicate an association between CRM
implementation and reduction in serious complications and lower
mortality in critically ill patients.

Editorial comment: what this article tells us

“Crew resource management” may be described as a systematic approach to implement a safety
culture in a complex working environment. Now applied to intensive care medicine, it is both
possible and necessary to make scientific evaluations, which remarkably enough are lacking in
aircraft crew training programs.
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To err is human. As a result, everything that a
human being devises, uses, or does is prone to
error and failure. Human factors refer to environmental, organizational and job factors, and to
human and individual characteristics which
influence professional behavior in a way that
affects performance and safety.1 Human factors
account for the majority of adverse events in aviation. Human factors awareness training entitled
‘Crew Resource Management’ (CRM) was introduced in 1979 for aircrew after a series of accidents in which human factors were found to be
the root cause.2 Following the implementation
of CRM, a decrease in events led to CRM
becoming the present day aviation operational
standard.3,4 Especially during time critical cockpit emergencies, CRM is considered vital for aircrew effectiveness, although sound scientific
proof of CRM effectiveness in aviation is
lacking.
In clinical medicine, human factor-related
errors can have a major impact on patient
safety.5,6 This is especially so in departments
where high risk, time critical procedures on vulnerable patients are performed in a multidisciplinary team setting; human factors are likely to
play an important role.7 Indeed, in critically ill
patients, the occurrence of complications is
related to outcome.8
The defining aspect of CRM is a system
approach to safety culture. Rather than focusing
on individual failure, CRM aims to identify system flaws and uses standardized communication
tools to improve process effectiveness and
safety.9 The message of “good people are set up
to fail in bad systems – let’s figure out how to
keep everyone safe” is more easily accepted than
“you have a problem that needs to be corrected.”10 This approach is fundamentally different from conventional quality and safety
programs in medicine that focus on limiting variation in human behavior through regulations,
or scenario-based team training, when these are
not embedded in the more broad CRM
approach.11,12 Contrary to aviation, there is currently no international standard for medical
CRM training.
While the parallels between the critical processes in aviation and medicine suggest that a

well-adapted medical CRM training may have
potential to improve patient safety, evidence of
the effects of CRM on patient outcome in a clinical setting is limited. Closed format intensive
care units (ICUs) facilitate both CRM implementation and effect evaluation. The aim of this
study was to assess the effects of CRM implementation on outcome in critically ill patients.
Materials and methods
Department and training organization
Radboud University Medical Center (Radboudumc) is a 953 bed, tertiary-care academic hospital with approximately 32,000 admissions
annually. The 32-bed ICU admits 2500–3000
patients yearly, of which approximately 1000
are cardio-thoracic surgery patients. Radboudumc’s ICU workforce (in FTE) includes 16 consultants, 9 fellows, 22 residents, and a nursing
staff of 173. The independent aerospace training
organization that provided the CRM training
consisted of five trainer/coaches (senior military
and commercial airline pilots, psychologists and
medical specialists of which some are dualqualified). All were proficient in the area of
operational human factors as well as CRM
development and training.
CRM intervention
With the decision to implement CRM in the
ICU, it was decided to evaluate its effects prospectively. Because of the nature of the intervention (team training), it was not feasible to
perform a study using a control arm. For this
reason, the pre-during-post design was chosen.
Therefore, a ‘baseline year’, ‘implementation
year’, and ‘post-implementation year’ were designated. In the 2 years preceding the study, we
had a stable baseline complication rate, but as
we could not perform data quality checks retrospectively, we decided not to use these data,
and only use the prospective data obtained during the baseline year prior to implementation of
CRM. At the end of the baseline year, all ICU
personnel (attending physicians, nurses and residents) received a 2-day (9 contact hours per
Acta Anaesthesiologica Scandinavica 59 (2015) 1319–1329
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day) CRM awareness training in multidisciplinary groups of a maximum of 15 participants
within a 3-month window. All training sessions
were conducted by two trainers and were held
at a training facility at some distance to the Radboudumc campus to minimize interference. The
course included lectures on human factors and
principles of CRM, and multiple interactive sessions using realistic data such as case studies
and video footage from the Radboudumc ICU
department. The training emphasized eight key
areas: situational awareness13,14 and recognition
of adverse situations, human errors and nonpunitive response, communication and briefing
and debriefing techniques, providing and
receiving performance feedback, management of
stress, workload and fatigue, creating and maintaining team structure and climate, leadership in
a flat hierarchy environment, and risk management and decision-making (see15 or Data S1
and Table S1). Each training group created a
shortlist of practical “action points” to be used
in the following implementation year, during
which the CRM principles were forged into custom-made and practical clinical tools such as
standardized briefings and debriefings, checklists, and noise (static) reduction methods. We
considered the after-training follow-up to be
crucial for the success of a CRM intervention.
The follow-up during the implementation
year consisted of several measures: a “CRM Core
Group” was formed, CRM became a standard
item in staff meetings, non-facultative scenariobased team training sessions were planned, and
CRM training was provided to all new personnel. Moreover, regular process observation took
place.
The CRM Core Group consisted of three intensivists, 11 ICU nurses and the ICU’s patient
safety officer. Under additional coaching from a
CRM instructor, the Core Group coordinated
translation of the CRM action points into clinical practice, and created professional ownership.
This group interfaced regularly with the department’s medical and nursing staff and organized
several activities such as a plenary kick-off
meeting, an annual dedicated “week of CRM”,
refresher lectures, and awarded the “CRM performer of the year”. The CRM Core Group
posted regular information bulletins on the ICU
intranet page and developed several checklists

for common ICU procedures, including central
venous line placement, endotracheal intubation,
tracheotomy, and handover during patient
admission and transfer.
In addition, CRM became a standard agenda
item during the 2-weekly staff meetings and
yearly individual evaluations.
Furthermore, to secure the CRM lessons
learned in daily practice, scenario-based team
training was conducted during the implementation year. This team training was conducted in
an in-hospital training location, using simulation manikins and CRM-trained clinical supervisors. As with the CRM training, the scenariobased team training was non-facultative, used a
multidisciplinary setting, and involved the
whole staff.
All new personnel (13 nurses and 2 intensive
care fellows) also received the regular 2-day
CRM training.
Finally, three times a year, during a 2-week
period, designated senior ICU nurses were given
the responsibility to observe an ICU unit whenever any invasive procedure took place. The
resulting information was reported to the ICU’s
safety officer, who presented the collected information to the CRM core team. No data were
provided to the staff during the data collection
period.
Data collection
Patient clinical outcome data were collected
from the Dutch National Intensive Care Evaluation (NICE) database.16 The NICE classification
system is not based on Clavien-Dindo or the
AMA-master classification system. The Dutch
ICU complication registration was developed by
a subcommittee of the Dutch Society for Intensive Care Medicine and started with a questionnaire in which individual members were able to
make suggestions for potential complications
that should be included in the final registry. Of
68 potential complications, a final list was constructed by the subcommittee based on the following prerequisites: (1) existing evidence in
the literature that the complication relates to
patient damage, (2) complication must be either
severe or frequent, (3) the complication must be
clearly defined and measurable, and (4) the
complication must be preventable by taking
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appropriate measures. The final list was
approved by all Dutch Society for Intensive Care
Medicine members and included in the NICE
registration.16,17
All complications were registered daily by a
consultant intensivist. To prevent incorrect (e.g.
double) registration, the data were subsequently
checked by the departmental database manager
and rechecked by the national NICE organization. Furthermore, the NICE organization performs on-site data audits to monitor the quality
of the data. Data were encrypted by the removal
of all patient-identifying information. In the
Netherlands, there is no need to obtain consent
to use such registries with anonymous data. The
NICE initiative is officially registered in accordance with the Dutch Personal Data Protection
Act. The study was carried out in accordance
with the applicable rules concerning the review
of research ethics committees and informed consent. Data collection was standardized according
to the strict definitions and was subject to stringent quality checks.
To determine the effect of CRM implementation on complication incidence, we used a predetermined set of 18 complications obtained
from the NICE database.16,17 Data were collected
during the baseline year preceding the 3-month
CRM training phase (August 2009 to end of
July 2010), the implementation year following
the training phase (November 2010 to end of
October 2011), and the post-implementation
year (November 2011 to end of October 2012).
The primary outcome measure was overall
ICU complication rate, of which the incidence of
cardiac arrest and cardiopulmonary resuscitation
(CPR) success rate had our special interest. Cardiac arrest incidence is considered a measure of
quality of care18 and, as few clinical interventions rely on teamwork to such an extent as
CPR, outcome was deemed a relevant endpoint
as well. Secondary outcome measures were ICU
and hospital length of stay, and standardized
mortality ratio. Furthermore, as evidence from
other critical industries19 and clinical settings20–23
suggests a positive relationship between safety
climate and safety outcome, we measured the
ICU’s safety climate prior to and following the
implementation year. Safety climate was determined by the Safety Attitudes Questionnaire
(SAQ) using a Likert scale transformed to a

100-point scale.24 The SAQ is a validated
healthcare derivative of the Cockpit Management Attitudes Questionnaire.20,25 All CRM
participants were invited to fill out a Dutch
translation of the SAQ during the baseline year
and at the end of the implementation year.
During the implementation period, process
surveillance was conducted to monitor professional compliance: experienced observers scored
3–4 times per year during several weeks how
many critical process opportunities suitable for
CRM tools occurred and in what portion they
were actually used.
Statistical analysis
Mann–Whitney U-tests were used to compare
continuous data between two groups, Kruskal–
Wallis tests were used to compare continuous
data between three or more groups, and chisquare tests were used to compare proportions.
We used an uncorrected chi-square test to evaluate our null hypothesis. In addition, multivariate logistic regression analysis was performed
using APACHE IV probability score as a covariate to correct for differences in disease severity.
To correct for possible differences in baseline
patient characteristics, standardized mortality
ratios (SMRs), their 95% CI, and differences
between SMRs were calculated as described
previously.26,27 A two-tailed p-value of less than
0.05 was considered statistically significant. Differences were not corrected for multiple testing
because of the explorative nature of the study.
With an estimated baseline complication rate of
approximately 60–80/1000 patients, a power of
80%, and a two-sided alpha of 0.05, 2500
patients per cohort were required to detect an
absolute change in complications of 20/1000
patients. Data were analyzed using SPSS Statistics 20 (IBM Corp., Armonk, NY, USA) and
MedCalc 11.3.1.0 (MedCalc software, Oostend,
Belgium).
Results
Patient data
The three cohorts consisted of 2295 (baseline
year), 2423 (implementation year), and 2553
(post-implementation year) patients. During the
Acta Anaesthesiologica Scandinavica 59 (2015) 1319–1329
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3-year study period, no relevant changes in
staffing levels, device use, or protocols/procedures occurred, except for the ICU moving to
another location in the hospital in December
2011.
Patient characteristics are listed in Table 1. A
significant decrease in complication incidence
rate was observed: from 67.1/1000 patients in
the baseline year and 66.4/1000 patients in the
implementation year to 50.9/1000 patients in
the post-implementation year (Fig. 1, Table 2).
Using the APACHE IV probability score as a covariate, the adjusted odd ratios for the occurrence of one or more complications were 0.92
(95% CI 0.71–1.19, P = 0.52) and 0.66 (95% CI
0.51–0.87, P = 0.003) in the implementation and
post-implementation year, respectively.
Changes in the incidence per complication
diagnosis are depicted in Table 2. The incidence
of critical illness polyneuropathy/myopathy and
cardiac arrests on the ICU decreased significantly. Using the APACHE IV probability score
as a covariate, the adjusted odd ratios for critical
illness polyneuropathy/myopathy were 0.52
(95% CI 0.25–1.06, P = 0.07) and 0.26 (95%
CI 0.11–0.63, P = 0.002) in the implementation
and post-implementation year, respectively.
Adjusted odds ratios for cardiac arrests on the
ICU were 0.87 (95% CI 0.47–1.62, P = 0.66) and
0.33 (95% CI 0.15–0.73, P = 0.006) in the implementation and post-implementation year,
respectively. Aside from the decrease in incidence of cardiac arrests, the CPR success rate
increased from 19% in the baseline year to 55%
and 67% in the implementation and post-implementation year (Fig. 2). While there were small
but statistical significant differences in patient
characteristics regarding chronic cardiovascular
disease (Table 1), this could not explain the
reduced incidence and higher success rate of
cardiac arrests in the post-implementation year,
as chronic cardiovascular disease was not
related to cardiac arrest across the three cohorts
(phi coefficient of 0.014, P = 0.24).
As expected, the occurrence of complications
was associated with mortality [APACHE IV
adjusted odds ratio of 1.97 (95% CI 1.44–2.70,
P < 0.0001)]. Finally, the standardized mortality
ratio was 0.72 (95% CI 0.63–0.81) in the
baseline year, 0.69 (95% CI 0.61–0.78) in the
implementation year, and 0.60 (95% CI

0.53–0.67) in the post-implementation year
(baseline vs. post-implementation year: P = 0.04).
No clinically relevant effects on ICU or hospital length of stay were observed.
Safety climate assessment
Following CRM implementation, perceived
safety climate significantly improved in 5 of 6
Safety Attitudes Questionnaire-domains: teamwork climate, safety climate, perceptions of
management, working conditions, and job satisfaction (Table 3). Changes within disciplines
(medical staff, nurses, other) are listed in Table
S1 (Supplemental Digital Content).
Process surveillance
The surveillance from June to September 2012
showed that during 21 observational days,
checklist use and briefings were performed in
70–90%. Debriefings were performed between
55% and 71%. Structured handovers scored
between 55% and 70%.
Discussion
This study indicates an association between
CRM implementation in the ICU and a lower
incidence of predefined complications in critically ill patients. Of special interest, cardiac
arrests on the ICU occurred less frequently following implementation of CRM, and a higher
CPR success rate was observed.
In addition, we found that the occurrence of
complications was associated with mortality and
that implementation of CRM was associated
with a reduced standardized mortality rate.
These clinically relevant effects paralleled a
positive impact on the perceived safety climate
by the healthcare providers.
Several factors may explain the positive effects
of CRM implementation on clinical end points
in the present study. In the first place, we introduced CRM from the perspective of correcting
system flaws rather than individual shortcomings, an approach which has been shown to be
effective in convincing professionals.10 In addition, firm commitment and visible support from
the department’s leadership was present.10,15
Secondly, every CRM training was conducted
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Table 1 Patient characteristics.

Number of ICU patients (n)
Age (year)
Female sex, n (%)
Weight (kg)
Height (cm)
Type of admission n (%)
Medical
Elective surgery
Emergency surgery
Chronic diagnoses, n (%)
Chronic cardiovascular
insufficiency
Respiratory i
nsufficiency
Chronic renal
insufficiency
Chronic dialysis
Metastatic
malignancy
Hematological
malignancy
Immunological
insufficiency
AIDS
APACHE diagnosis
group, n (%)
Cardiovascular
Gastrointestinal
Genitourinary
Hematology
Metabolic
Musculoskeletal/skin
Neurological
Respiratory
Transplant
Trauma
Mechanical ventilation
in first 24 h, n (%)
Vasoactive medication, n (%)
APACHE IV score
APACHE IV probability
score
SAPS
SAPS probability
score
LODS
LODS probability
score
MPM0
MPM24

Baseline year

Implementation
year

Post-implementation
year

2295
64
818
79
172

2423
64
865
78
173

2553
65
899
79
174

(53–73)
(35.6)
(70–89)
(165–180)

(53–73)
(35.7)
(69–88)
(166–180)

(54–73)
(35.2)
(70–90)
(166–180)

P value

0.12
0.93
0.14
0.049

739 (32.2)
1215 (52.9)
341 (14.9)

774 (31.9)
1364 (56.3)
285 (11.8)

842 (33.0)
1352 (53.0)
359 (14.1)

0.01

112 (4.9)

31 (1.3)

83 (3.3)

< 0.001

65 (2.8)

45 (1.9)

68 (2.7)

0.07

91 (4.0)

86 (3.5)

114 (4.5)

0.26

28 (1.2)
78 (3.4)

33 (1.4)
59 (2.4)

50 (2.0)
103 (4.0)

0.08
0.007

70 (3.1)

59 (2.4)

54 (2.1)

0.11

78 (3.4)

107 (4.4)

135 (5.3)

0.006

2 (0.1)

5 (0.2)

0 (0)

0.06

1263
175
55
16
19
34
301
295
12
125
1932

(55.0)
(7.6)
(2.4)
(0.7)
(0.8)
(1.5)
(13.1)
(12.9)
(0.5)
(5.4)
(84.2)

1336
174
59
17
27
43
305
323
13
126
2071

(55.1)
(7.2)
(2.4)
(0.7)
(1.1)
(1.8)
(12.6)
(13.3)
(0.5)
(5.2)
(85.5)

1289
211
64
20
30
51
334
354
21
179
2059

(50.5)
(8.3)
(2.5)
(0.8)
(1.2)
(2.0)
(13.1)
(13.9)
(0.8)
(7.0)
(80.7)

0.16

< 0.001

992 (43.2)
53 (40–69)
0.05 (0.01–0.18)

1184 (48.9)
63 (48–79)
0.07 (0.03–0.22)

1000 (39.2)
66 (50–82)
0.09 (0.04–0.25)

< 0.001
< 0.001
< 0.001

34 (27–44)
0.15 (0.08–0.33)

36 (30–46)
0.18 (0.11–0.37)

36 (29–46)
0.18 (0.37)

< 0.001
< 0.001

5 (4–7)
0.21 (0.15–0.38)

6 (5–8)
0.29 (0.21–0.48)

6 (4–8)
0.29 (0.15–0.48)

< 0.001
< 0.001

0.11 (0.07–0.22)
0.24 (0.14–0.37)

0.09 (0.06–0.20)
0.25 (0.15–0.37)

0.10 (0.06–0.22)
0.23 (0.13–0.38)

< 0.001
0.10

Data are presented as median (interquartile range) or n (%). P value calculated by Kruskal–Wallis tests or chi-square tests.
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Fig. 1. Complications. Complication incidence per 1000 patients in
the three cohorts. P value calculated using chi-square test.

by two trainers combining extensive operational
experience in clinical medicine, military and
commercial aviation, and cognitive psychology.
As, in contrast to aviation, medical CRM has no
accepted standard yet, their credible operational
background was instrumental in convincing
ICU professionals of the potential gains of CRM
and implementing a new professional and team
identity in a department. Thirdly, a core group
of ICU professionals was formed to develop and
integrate the new way of professional interaction within the ICU. As this group played a pivotal role in creating professional ownership,
they received additional coaching from a CRM
instructor during the implementation year and
likely optimized training impact. Fourthly, to
prevent dilution of human factors awareness the
CRM intervention project included not only the
initial training period but also the subsequent

Table 2 Complication incidence and outcome parameters.

Number of ICU patients
Line sepsis
Ventilator induced pneumonia
Decubitus (grade III/IV)
Unplanned extubation (self)
Unplanned extubation (other)
Acute myocardial infarction
Cardiac arrest
Pneumothorax (iatrogenous)
CVA (stroke)
Critical illness polyneuropathy/myopathy
Difficult intubation*
Loss of airway
Early tracheostomy-related hemorrhage
Late tracheostomy-related hemorrhage
Loss of airway during trachea canula-related
procedure
Anatomical complications with tracheostomy
Vascular access problem
Gastrointestinal bleeding
Total no. of complications
ICU-LOS (days)
Hosp-LOS (days)
ICU mortality, n (%)
SMR

Baseline year

Implementation year

Post-implementation year

P value

2295
3
1
20
40
0
13
21
10
1
21
1
3
5
2
1

(1.3)
(0.4)
(8.7)
(17.4)
(0.0)
(5.7)
(9.2)
(4.4)
(0.4)
(9.2)
(0.4)
(1.3)
(2.2)
(0.9)
(0.4)

2423
7
1
17
46
1
27
20
10
2
12
4
0
4
1
0

(2.9)
(0.4)
(7.0)
(19.0)
(0.4)
(11.1)
(8.3)
(4.1)
(0.8)
(5.0)
(1.7)
(0.0)
(1.7)
(0.4)
(0.0)

2553
3
1
11
48
1
23
9
10
4
7
3
4
1
1
0

(1.2)
(0.4)
(4.3)
(18.8)
(0.4)
(9.0)
(3.5)
(3.9)
(1.6)
(2.7)
(1.2)
(1.6)
(0.4)
(0.4)
(0.0)

0.29
1.00
0.16
0.91
0.63
0.12
0.04
0.97
0.43
0.01
0.45
0.17
0.22
0.73
0.34

1
6
5
154
1.0
6.7
187
0.72

(0.4)
(2.6)
(2.2)
(67.1)
(0.8–3.0)
(3.7–15.2)
(8.1)
(95% CI 0.63–0.81)

0
5
4
161
1.1
6.1
201
0.69

(0.0)
(2.1)
(1.7)
(66.4)
(0.8–3.0)
(3.1–13.8)
(8.3)
(95% CI 0.61–0.78)

0
3
1
130
1.0
6.7
211
0.60

(0.0)
(1.2)
(0.4)
(50.9)
(0.8–2.8)
(3.5–13.4)
(8.3)
(95% CI 0.53–0.67)

0.34
0.51
0.22
0.03
0.008
0.09
0.98
0.04

Complication data are presented as: incidence (incidence/1000 patients). ICU-LOS, Hosp-LOS are presented as median (interquartile range).
ICU mortality and Hosp mortality are presented as n (%). P value calculated by Kruskal–Wallis test or chi-square test, except for SMR data
for which the difference between the baseline and post-implementation year was calculated as described previously.18,19 *Difficult
intubation was defined as more than three intubation efforts or an intubation duration of > 10 min.
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Fig. 2. Cardiopulmonary resuscitation. Cardiopulmonary resuscitation
incidence (bars) and success percentage (dots/line) in the three
cohorts. Cardiopulmonary resuscitation incidence significantly
decreased (P = 0.04, chi-square test), while the success rate
significantly increased (P = 0.02, chi-square test).

Table 3 Safety Attitudes Questionnaire (SAQ) scores of ICU
professionals.

Stress recognition
Teamwork climate
Safety climate
Perceptions of
management
Working conditions
Job satisfaction

Before
CRM training
(n = 251)

After CRM
training
(n = 161)

P value

43
69
64
58

48
76
70
64

0.12
0.001
< 0.001
< 0.001

(0–90)
(38–90)
(29–97)
(17–84)

58 (17–86)
69 (43–90)

(1–84)
(38–100)
(29–94)
(27–84)

58 (11–90)
74 (43–95)

0.009
0.04

Data are represented as median (range). P value calculated by
Mann–Whitney U-test. Response before and after CRM training
was 72% and 51%, respectively. See Table S1 (Supplemental Digital Content) for SAQ scores per discipline.

training of new staff. Fifthly, some checklists
were (re)designed. As checklists appear to be
independent effective tools for improving
patient safety,28,29 it is difficult to separate their
impact on outcome from the CRM effort. In
spite of the fact that we cannot exclude a positive influence of the (re)designed checklists on
our results, we are convinced that the implementation of a checklist document has less effect
on patient safety than the way the team works

with the document (e.g., briefing and crosscheck
techniques inherent to CRM), especially because
checklists were already in use at the department
before the intervention. As we consider checklists a separate – valuable – safety tool, the
CRM training focused on checklist use, not
design.
Finally, to secure the CRM lessons learned in
daily practice, scenario-based team training was
conducted during the implementation year.15,30
Several limitations of the present study need
to be addressed. Most importantly, this study
was a non-randomized, single-center study. The
intensity and duration of the implementation
process importantly limited the feasibility of
other study designs. In spite of this limitation,
we believe that the decrease in complication rate
and SMR can be related to the CRM intervention. In the 2 years preceding the study baseline, complication rate was stable, but as these
registrations could not be validated retrospectively, this data were not used. Furthermore,
during the whole study period, there were no
changes in interventions that are known to
reduce morbidity or mortality in the ICU such
as strict glucose regulation, early goal-directed
therapy, use of corticosteroids, prone positioning, and low tidal volume ventilation. The fact
that the ICU moved to another location in the
hospital appears unlikely a confounder of our
results, as no relevant changes in procedures,
staffing levels, technical infrastructure, or other
major changes that could influence patient management occurred. Nevertheless, some differences in patient characteristics between the
different study periods were observed. It could
be argued that the risk of a complication is
related to the severity of illness. Importantly,
after correction for severity of illness, implementation of CRM was still associated with a reduction in relevant complications and mortality.
The additional association between the occurrence of a complication and mortality supports
the notion that CRM accounts for the beneficial
effects on mortality observed. In addition, the
occurrence of critical illness polyneuropathy/
myopathy is related to disease severity. As such,
our finding of reduced incidence of critical illness polyneuropathy/myopathy is consistent
with the notion that CRM is associated with
improved care and reduced disease severity.
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Nevertheless, we emphasize that a direct link
between the reduced incidence and the CRM
implementation is not possible.
We did not determine a direct link between a
specific action and patient outcome, e.g., using
data logging equipment (comparable to aviation’s cockpit voice recording and flight data
recording). Even though video logging of ICU
procedures would be technically possible, there
still is considerable reluctance in the medical
professional community due to legal and patient
privacy issues.31
Finally, because the Safety Attitude Questionnnaire’s response rate after training was relatively low (51%). Low response rates may
increase the risk of a non-response bias.
Perceived safety climate is positively related
to safety outcomes both in hospital settings and
other high-hazard fields.21,32,33 Previous studies
on the impact of safety climate on safety outcome have focused on either the effect of team
training on perceived safety climate,34,35 or
assessed patient outcome.36 Implementation of
CRM resulted in a culture change and a safer
environment, illustrated by a decrease in malpractice expenses.37 To our knowledge, our concordant observation that complication rates and
mortality decreased represents the first clear
association between CRM training, clinical outcome, and perceived safety climate. To date, no
prospective randomized trials evaluating the
implementation of CRM are available.
A large nationwide retrospective study, with a
contemporaneous control group, in surgical
patients reported a decrease in the overall mortality rate in (non-randomized) hospitals that
participated in a training program focused on
briefings and debriefings in the operating room
(including the use of checklists), while no
decrease in mortality rate was observed in the
control group. In this study, risk-adjusted mortality rates did not reach a statistically significant difference between the trained and nontrained institutes.38
In conclusion, our data indicate an association
between CRM implementation and a reduction
in complication rate and mortality in critically
ill patients as well as an improved perceived
safety climate. To our knowledge, this is the
first study that links CRM to improved clinical
outcome. In view of these results and absence of

deleterious side effects for the patients, one
might argue that, similar to aviation, widespread implementation of CRM in the ICU is
justified, even without higher levels of evidence
obtained from randomized clinical trials.
Acknowledgements
The authors thank Sjef van der Velde for data
extraction from the hospital NICE database.
References
1. Dempsey PG, Wogalter MS, Hancock PA. Defining
ergonomics/human factors. In: Karwowski W ed.
International encyclopedia of ergonomics and
human factors, 2nd edn. London: Taylor and
Francis, 2006: 32–5.
2. Cooper GE, White MD, Lauber JK. Resource
management on the flightdeck: proceedings of a
NASA/industry workshop. Moffett Field: NASAAmes Research Center, NASA CP-2120, 1980.
3. Commission Regulation (EU) No 965/2012, chapters
ORO.FC.115: Crew resource management (CRM)
training, and ORO.FC.215: Initial operator’s crew
resource management (CRM) training.
4. FAA Part 121: Operating Requirements: Domestic,
Flag, and Supplemental Operations, article
§121.404 Compliance dates: Crew and dispatcher
resource management training.
5. Brindley PG. Patient safety and acute care medicine:
lessons for the future, insights from the past. Crit
Care 2010; 14: 217.
6. Kohn LT, Corrigan JM, Donaldson MS, eds. To err is
human: building a safer health system. Washington:
Institute of Medicine, National Academy Press, 2000.
7. Garrouste-Orgeas M, Timsit JF, Vesin A, Schwebel
C, Arnodo P, Lefrant JY, Souweine B, Tabah A,
Charpentier J, Gontier O, Fieux F, Mourvillier B,
Troche G, Reignier J, Dumay MF, Azoulay E,
Reignier B, Carlet J, Soufir L. Selected medical
errors in the intensive care unit: results of the
IATROREF study: parts I and II. Am J Respir Crit
Care Med 2010; 181: 134–42.
8. Giraud T, Dhainaut JF, Vaxelaire JF, Joseph T,
Journois D, Bleichner G, Sollet JP, Chevret S,
Monsallier JF. Iatrogenic complications in adult
intensive care units: a prospective two-center study.
Crit Care Med 1993; 21: 40–51.
9. Flin R, Maran N. Identifying and training nontechnical skills for teams in acute medicine. Qual
Saf Health Care 2004; 13(Suppl. 1): i80–4.

Acta Anaesthesiologica Scandinavica 59 (2015) 1319–1329
ª 2015 The Authors. The Acta Anaesthesiologica Scandinavica Foundation. Published by John Wiley & Sons Ltd.

1327

M. H. T. M. HAERKENS ET AL.

10. Leonard M, Graham S, Bonacum D. The human
factor: the critical importance of effective teamwork
and communication in providing safe care. Qual
Saf Health Care 2004; 13(Suppl. 1): i85–90.
11. Gjeraa K, Moller TP, Ostergaard D. Efficacy of
simulation-based trauma team training of nontechnical skills. A systematic review. Acta
Anaesthesiol Scand 2014; 58: 775–87.
12. Siassakos D, Hasafa Z, Sibanda T, Fox R, Donald F,
Winter C, Draycott T. Retrospective cohort study of
diagnosis-delivery interval with umbilical cord
prolapse: the effect of team training. BJOG 2009;
116: 1089–96.
13. Schulz CM, Endsley MR, Kochs EF, Gelb AW,
Wagner KJ. Situation awareness in anesthesia:
concept and research. Anesthesiology 2013; 118:
729–42.
14. Dekker SW. Crew situational awareness in hightech settings: tactics for research into an ill-defined
phenomenon. Transp Hum Factors 2000; 2: 49–62.
15. Haerkens MH, Jenkins DH, van der Hoeven JG.
Crew resource management in the ICU: the need
for culture change. Ann Intensive Care 2012; 2: 39.
16. Arts D, de Keizer N, Scheffer GJ, de Jonge E.
Quality of data collected for severity of illness
scores in the Dutch National Intensive Care
Evaluation (NICE) registry. Intensive Care Med
2002; 28: 656–9.
17. de Vos M, Graafmans W, Keesman E, Westert G,
van der Voort PH. Quality measurement at
intensive care units: which indicators should we
use? J Crit Care 2007; 22: 267–74.
18. Hillman K, Chen J, Cretikos M, Bellomo R, Brown
D, Doig G, Finfer S, Flabouris A, investigators Ms.
Introduction of the medical emergency team (MET)
system: a cluster-randomised controlled trial.
Lancet 2005; 365: 2091–7.
19. Cooper MD, Phillips RA. Exploratory analysis of
the safety climate and safety behavior relationship.
J Safety Res 2004; 35: 497–512.
20. Huang DT, Clermont G, Kong L, Weissfeld LA,
Sexton JB, Rowan KM, Angus DC. Intensive care
unit safety culture and outcomes: a US multicenter
study. Int J Qual Health Care 2010; 22: 151–61.
21. Valentin A, Schiffinger M, Steyrer J, Huber C,
Strunk G. Safety climate reduces medication and
dislodgement errors in routine intensive care
practice. Intensive Care Med 2013; 39: 391–8.
22. Katz-Navon T, Naveh E, Stern Z. Safety climate in
healthcare organizations: a multidimensional
approach. Acad Manag J 2005; 48: 1075–89.
23. Singer S, Lin S, Falwell A, Gaba D, Baker L.
Relationship of safety climate and safety

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

performance in hospitals. Health Serv Res 2009; 44:
399–421.
Sexton JB, Helmreich RL, Neilands TB, Rowan K,
Vella K, Boyden J, Roberts PR, Thomas EJ. The
Safety Attitudes Questionnaire: psychometric
properties, benchmarking data, and emerging
research. BMC Health Serv Res 2006; 6: 44.
Helmreich RL. Cockpit management attitudes. Hum
Factors 1984; 26: 583–9.
Morris JA, Gardner MJ. Calculating confidence
intervals for relative risks (odds ratios) and
standardised ratios and rates. Br Med J (Clin Res
Ed) 1988; 296: 1313–6.
Sahai H, Kurshid A. Statistics in epidemiology:
methods techniques and applications. Boca Raton,
Fl: CRC Press, 1996.
Thomassen O, Storesund A, Softeland E, Brattebo
G. The effects of safety checklists in medicine: a
systematic review. Acta Anaesthesiol Scand 2014;
58: 5–18.
de Vries EN, Prins HA, Crolla RM, den Outer AJ,
van Andel G, van Helden SH, Schlack WS, van
Putten MA, Gouma DJ, Dijkgraaf MG, Smorenburg
SM, Boermeester MA, Group SC. Effect of a
comprehensive surgical safety system on patient
outcomes. N Engl J Med 2010; 363: 1928–37.
Hamman WR, Beaudin-Seiler BM, Beaubien JM.
Understanding interdisciplinary health care teams:
using simulation design processes from the Air
Carrier Advanced Qualification Program to identify
and train critical teamwork skills. J Patient Saf
2010; 6: 137–46.
Guerlain S, Turrentine B, Adams R. Using video
data for the analysis and training of medical
personnel. Cogn Tech Work 2004; 6: 131–8.
Beus JM, Payne SC, Bergman ME, Arthur W.
Safety climate and injuries: an examination of
theoretical and empirical relationships. J Appl
Psychol 2010; 95: 713–27.
Zohar D. A group-level model of safety climate:
testing the effect of group climate on
microaccidents in manufacturing jobs. J Appl
Psychol 2000; 85: 587–96.
Sexton JB, Berenholtz SM, Goeschel CA, Watson SR,
Holzmueller CG, Thompson DA, Hyzy RC, Marsteller
JA, Schumacher K, Pronovost PJ. Assessing and
improving safety climate in a large cohort of
intensive care units. Crit Care Med 2011; 39: 934–9.
Paine LA, Rosenstein BJ, Sexton JB, Kent P,
Holzmueller CG, Pronovost PJ. Republished paper:
assessing and improving safety culture throughout
an academic medical centre: a prospective cohort
study. Postgrad Med J 2011; 87: 428–35.
Acta Anaesthesiologica Scandinavica 59 (2015) 1319–1329

1328

ª 2015 The Authors. The Acta Anaesthesiologica Scandinavica Foundation. Published by John Wiley & Sons Ltd.

CREW RESOURCE MANAGEMENT IN THE ICU

36. Pronovost PJ, Freischlag JA. Improving teamwork to
reduce surgical mortality. JAMA 2010; 304: 1721–2.
37. Ricci MA, Brumsted JR. Crew resource
management: using aviation techniques to improve
operating room safety. Aviat Space Environ Med
2012; 83: 441–4.
38. Neily J, Mills PD, Young-Xu Y, Carney BT, West P,
Berger DH, Mazzia LM, Paull DE, Bagian JP.
Association between implementation of a medical
team training program and surgical mortality.
JAMA 2010; 304: 1693–700.

Supporting Information
Additional Supporting Information may be
found in the online version of this article at the
publisher’s web-site:
Data S1. Crew Resource Management training
content.
Table S1. Safety Attitudes Questionnaire (SAQ)
scores of ICU professionals per discipline.

Acta Anaesthesiologica Scandinavica 59 (2015) 1319–1329
ª 2015 The Authors. The Acta Anaesthesiologica Scandinavica Foundation. Published by John Wiley & Sons Ltd.

1329

