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Abstract

Aim: To evaluate the evidence of the effectiveness of classroom-based Crew Resource Management training on safety
culture by a systematic review of literature.

Methods: Studies were identified in PubMed, Cochrane Library, PsycINFO, and Educational Resources Information Center
up to 19 December 2012. The Methods Guide for Comparative Effectiveness Reviews was used to assess the risk of bias in
the individual studies.

Results: In total, 22 manuscripts were included for review. Training settings, study designs, and evaluation methods varied
widely. Most studies reporting only a selection of culture dimensions found mainly positive results, whereas studies reporting
all safety culture dimensions of the particular survey found mixed results. On average, studies were at moderate risk of bias.
Conclusion: Evidence of the effectiveness of Crew Resource Management training in health care on safety culture is scarce
and the validity of most studies is limited. The results underline the necessity of more valid study designs, preferably using
triangulation methods.
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Background

While health-care workers are educated in settings differing
in expertise, educational level, and overarching perspective,
in practice they have to work together and are expected to be
good team players. Until a decade ago, health-care workers
received hardly any training in the area of working in teams
and corresponding non-technical skills, while the literature
shows that many contributing factors to adverse events are
related to miscommunication, a lack of communication and
teamwork, and other non-technical skills.!

The importance of non-technical skills was recognised
four decades ago in aviation. As a result, specialised training
programmes, like Crew Resource Management (CRM),
aimed at minimising the effects of human error by improving
non-technical skills, were developed to improve safety-criti-
cal behaviours on the flight deck.? CRM typically includes
educating teams about the limitations of human perfor-
mance.?> Operational concepts include inquiry, seeking rele-
vant operational information, assessing personal and peer
behaviour, communicating proposed actions, conflict resolu-
tion, and decision-making.3-3

In common with others,%” Salas et al.? reported that CRM
training in aviation resulted in positive reactions, enhanced
learning, and desired behavioural change in the cockpit. Due
to its face validity, the Institute of Medicine advocated the
adoption of CRM to safety and error management in health
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care for creating the necessary safety culture.” Consequently,
international health authorities placed a high priority on
CRM training as a method to improve patient safety, espe-
cially in high-risk areas such as emergency departments,
intensive care units, and surgery.>? As a result, efforts have
started to be made to implement CRM in the health-care sec-
tor.%8 Evaluations of these programmes generally focus on
one or more of the four levels of Kirkpatrick and
Kirkpatrick’s!! framework for evaluating educational inter-
ventions: reactions, learning/knowledge, behaviour, and
organisational impact.

Several reviews on medical team training exist.!>!5 The
current review focuses on organisational impact — more spe-
cifically the patient safety culture — since the ultimate goal of
CRM training is to alter safety culture. It is suggested that a
positive, proactive safety culture will lead to fewer adverse
events and less patient harm.!® We systematically reviewed
the effects of CRM training on patient safety culture to
investigate the effect of CRM training on safety culture,
focussing on classroom-based training courses given to
health-care teams in hospitals. It includes an extensive
description of the validity of the included studies.

Methods

This manuscript adheres to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2009
checklist for reporting of systematic reviews.!”

Data sources

Studies were identified by online searches performed up
until 19 December 2012 in four electronic databases:
PubMed, Cochrane Library, PsycINFO (via EBSCO) and
Educational Resources Information Center (ERIC) (via
EBSCO). No limits were applied concerning year of publica-
tion or language, but only articles in English were included.
References of relevant articles and related reviews were
checked by hand.

Selection of articles

Using a predefined set of 10 CRM articles, we (M.C.d.B.,
I.LV.N., and E.P.J.) developed a search strategy containing
free-text terms only. Indexing terms (controlled terms) did
not identify relevant articles, neither did they detect addi-
tional articles compared to the free-text terms. In general,
indexation of CRM studies was very heterogencous and
lacked standardisation. The following terms were com-
bined with Boolean ‘or’: ‘crew resource management’,
‘Medical team training’, ‘Non-technical skills’, ‘teamwork
training’, ‘team training’, ‘teamwork performance’, ‘team
performance’, ‘team resource management’, ‘Medical
team education’, ‘teamwork education’, ‘team education’,
‘team collaboration’, ‘team behaviour’, ‘team behavior’,

‘team skills’, ‘teamwork skills’, ‘team decision making’,
‘team effectiveness’, ‘team structure’, and ‘team compe-
tencies’. We excluded the term ‘crisis resource manage-
ment’ since this term only revealed studies based on
simulation techniques.

During the selection procedure, two researchers (I.V.N.
and M.C.d.B.) assessed whether references were ‘relevant’,
“uncertain’, or ‘irrelevant’ according to the inclusion/exclu-
sion criteria based on title and abstract only. Full texts of
abstracts judged relevant were requested. Abstracts judged
‘uncertain’ were re-evaluated. In the case of disagreement
regarding a re-evaluated abstract, the full text was requested.
Both researchers judged all full texts separately. In the case
of disagreement, the full texts were discussed until consen-
sus was reached.

Second, we performed a hand search on existing system-
atic reviews about team training and checked for relevant
references in the included studies. In a final stage, we
selected those studies that used safety culture as an outcome
(Figure 1).

Inclusion and exclusion criteria

Studies were eligible for inclusion when the training focussed
on health-care teams in hospitals and covered at least two
CRM topics (e.g. communication and leadership). We
excluded studies evaluating CRM in pre-clinical medical
education, outside health care, in primary care, and dental
care. CRM training courses based (partly) on high-tech sim-
ulation techniques were also excluded, as they are funda-
mentally different from classroom-based training courses.
When evaluation studies compared classroom-based CRM
training versus simulation-based CRM training or no train-
ing, we neglected results from simulation-based training.
Furthermore, we excluded manuscripts based on qualitative
research.

Data extraction

Studies with a positive effect of CRM training on safety cul-
ture were defined as those studies with statistically signifi-
cant changes from baseline and/or a control group or changes
in safety culture dimensions of 10% or more.!'8 Descriptive
data (information about the type of training, participants,
measurement instruments, follow-up, analyses, and imple-
mentation and sustainment strategies) were extracted by
L.V.N., while data were checked by N.Z. to confirm whether
this had been extracted correctly from manuscripts.

Quality appraisal

The Methods Guide for Comparative Effectiveness Reviews
of the Agency for Healthcare Research and Quality!'® was
used to assess the risk of bias in the individual studies in the
systematic review. The taxonomy of the five core biases of
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Figure |. Flowchart of included articles.

ERIC: Educational Resources Information Center; CRM: Crew Resource Management.

the Cochrane Handbook was used, namely, selection bias
(including randomisation and blinding bias for randomised
controlled trials (RCTs)), performance bias, attrition bias,
detection bias, and reporting bias. For RCTs, and cohort- and
cross-sectional studies, we used specific criteria according to
the description in Table 4 of the Methods Guide for
Comparative Effectiveness Reviews (Table 1). Every sepa-
rate criterion is reported as well as a percentage score of the
risk of bias.

Zero points were assigned to low risk of bias, one point to
moderate risk of bias, and two points to high risk of bias. The
sum of points was divided by the total points possible for all
criteria together, multiplied by 100 (‘unclears’ were disre-
garded). As a result, 0%—-33.2% resembles low risk of bias,
33.3%—66.6% indicates a moderate risk of bias, and 66.7%—
100% reflects a high risk of bias.

Results

We retrieved 1650 manuscripts from PubMed, 225 from
PsycINFO, 110 from the Cochrane Database, and 537 from
the ERIC database, resulting in 1926 unique references. The
selection procedure resulted in 50 manuscripts evaluating
one of the four levels of Kirkpatrick and Kirkpatrick’s!!
framework. Of these, 22 reported data on safety culture
(Figure 1).

Study and training characteristics

All studies were published from 2006 onwards, with the
majority being conducted in the United States. Half of the
studies focussed on the operating theatre setting. Of the stud-
ies, 16 had uncontrolled designs, of which 10 were single-
centre studies. And 10 studies were multicentre studies, 3 of
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Table I. Definitions of the types of biases used for the risk of bias assessment, adjusted for training interventions.

Type of bias Definition

Selection bias

Systematic differences between baseline characteristics of the groups that arise from self-selection for the

intervention, investigator/hospital management—directed selection of intervention, or association of intervention
assignments with demographic, clinical, or social characteristics.

Performance

Systematic differences in the intervention provided to participants and protocol deviation. Examples include

bias contamination of the control group with the exposure or intervention, unbalanced provision of additional
interventions or co-interventions, difference in co-interventions, and the inadequate blinding of providers and

participants.
Attrition bias

Systematic differences in the loss of participants from the study and how they were accounted for in the results

(e.g. incomplete follow-up, differential attrition). Those who drop out of the study or who are lost to follow-up may
be systematically different from those who remain in the study. Attrition bias can potentially change the collective
(group) characteristics of the relevant groups and their observed outcomes in ways that affect study results by

confounding and spurious associations.

Detection Systematic differences in outcome assessment among groups being compared, including systematic misclassification

bias of the exposure or intervention, covariates, or outcomes because of variable definitions and timings, recall from
memory, inadequate assessor blinding, and faulty measurement techniques. Erroneous statistical analysis might also
affect the validity of effect estimates.

Reporting Systematic differences between reported and unreported findings (e.g. incomplete reporting of study findings,

bias potential for bias in reporting through source of funding).

which had a controlled design. In total, there were six con-
trolled designs, three in which a control site was used, two in
which trained versus non-trained personnel were compared,
and one in which the last trained cohort was compared to the
first trained cohort before they received training. The
TeamSTEPPS training curriculum was implemented on
eight occasions. Follow-up measurement varied between 3
months and 4 years. Response percentages differed widely
among the studies (range: 19%—-96%), as well as the number
of trained individuals (range 29-32,150). Implementation
and sustainment strategies consisted of, among others,
change or leadership teams (usually formed with champion
figures), briefings/debriefings, coaching, comprehensive
implementation plans, embedding of training within patient
safety programmes, structural training of incoming employ-
ees, and train-the-trainer modules (Table 2).

Training effects

Table 3 describes the effects of the different studies and their
risk of bias. Predominantly, the Hospital Survey on Patient
Safety Culture (HSOPSC, 8 times) or the Safety Attitude
Questionnaire (SAQ, 11 times) was used to assess the effect
of team training on patient safety culture. The results per
questionnaire are given below.

Safety Attitude Questionnaire. Regarding studies that used the
SAQ as an evaluation method, 25- and 100-point scale
scores, item-level differences, and differences in positive
responses were reported. Four studies reported results on all
SAQ dimensions, two of them finding mainly positive
results’*3®% and two of them finding mainly negative
results.3>40 Four studies reported only teamwork climate and
found positive increases. Safety climate was reported

separately in one study, and a significant positive change was
reported.?> The study of Haller et al.?” reported teamwork
climate, safety climate, and stress recognition and found
some improvements at item level. In sum, teamwork climate
increased in six of the nine studies reporting this dimension.
Safety climate changed in a positive direction in four of
seven studies that reported that outcome.

Hospital Survey on Patient Safety Culture. As with the SAQ,
not all dimensions were evaluated in all studies. Four studies
reporting all dimensions found mixed results. Blegen et al.?
found positive changes for all dimensions except for fre-
quency of event reporting (staffing was not reported). Mar-
shall and Manus, '8 in contrast, only found significant changes
for four dimensions. Stead et al.3¢ found statistically signifi-
cant improvement on two dimensions, but when the cut-off
of more than 10% change in positive responses was used, all
but one (hospital management support for patient safety)
improved. Thomas and Galla” found positive results in gen-
eral, although different results were partly seen for the pilot
hospital compared to the system-wide evaluation. Four stud-
ies reported only selected dimensions of the HSOPSC,20-26:30.39
and except the study of Weaver et al.,’* all found positive
changes in those selected dimensions. Gore et al.?¢ did not
find positive changes when outcomes were regarded as con-
tinuous as opposed to dichotomous (positive answers); when
regarded as dichotomous, all selected dimensions changed.

Other questionnaires. Other questionnaires used to assess the
effect of team training on patient safety culture were a Brief
Teamwork Perception Questionnaire, and the Team Assess-
ment Questionnaire, in which we only considered the
domains ‘Leadership’ and ‘Climate’ as relevant for patient
safety culture. Castner et al.?® found a result on Leadership.
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Table 2. (Continued)

Follow-up Implementation/sustainment strategy

Response
(months)

Evaluation

Study design (n centres)

Site (n trainees)/

professions

Country Name of

Source

rates (%)

instrument

training

Train-the-trainer programme, briefings,

Only

HSOPSC

TeamSTEPPS OR (29)/whole OR teams Multicentre (n = 2),

USA

Weaver

orientation training to new employees, steering

numbers
group, integration into curriculum

before—after controlled

et al.3?

are known
Only

Formation of implementation team, briefings/

debriefings protocol

12-17

SAQ

OR (NS)/whole OR team Single-centre,

VHA, MTT

USA

Wolf

numbers

uncontrolled before—after

et al.40

are known

NS: not specified; VHA: Veterans’ Health Administration; VA: Veterans Affairs; NCPS: National Center for Patient Safety; MTT: Medical Team Training; USA: United States of America; UK: United King-
dom; CH: Switzerland; AU: Australia; OR: Operating Room; L&D: Labour and Delivery; PICU: Paediatric Intensive Care Unit; HSOPSC: Hospital Survey on Patient Safety Culture; SAQ: Safety Attitude

Questionnaire; T-TPQ: TeamSTEPPS Teamwork Perception Questionnaire; PTS: Perception of Teamwork Survey; TAQ: Team Assessment Questionnaire; TTP: Team Training Programme; CRM: Crew

Resource Management.

Mabhoney et al.?? found a positive improvement on Climate,
where Armour et al.2’ did not. Halverson et al.?8 reported
results at item level and observed that 14 of 19 items
improved.

Quality appraisal

The studies showed an average risk of bias percentage of
43.7% (standard deviation (SD) 15.3%), indicating that on
average the studies had a moderate risk of bias. Seven stud-
ies had a low risk of bias (<33.3%),21:2225:2731.38.39 put three
of them did not describe all the bias criteria3'3839 (Table 3);
14 studies had a moderate risk of bias (between 33.3% and
66_7%)’18,20,23,24,26,28—30,33—37,40 11 of Whichl8,20,23,24,28,30,34—37,40
did not describe all bias criteria (see Appendix 1 for criteria).
One study had a high risk of bias (266.7%).3 At first sight, it
seemed that controlled studies had less risk of bias in gen-
eral, but a non-parametric independent-sample test did not
demonstrate these differences as being significant (p = 0.19)

Selection bias comprised items about allocation and the
analyses and design regarding modifying and confounding
variables. Nine studies?6-28.29-32-343637.40 had a high risk of
selection bias, mainly because the design and analyses did
not take into account possible confounding and modifying
variables. Fisher’s exact test showed that single-centre
uncontrolled studies more often had a high risk of selection
bias compared to other study designs (p=0.494). Performance
risk of bias was high in two studies!®2? and considered low in
three.?131:3% Attrition bias concerned the loss of follow-up of
respondents. If attrition is a concern, missing data have to be
handled appropriately according to the risk of bias assess-
ment format. A high risk of attrition bias was found on eight
occasions,?3-26:29.30.39.40 and in seven studies, it was unclear
how missing data were handled and/or what the response
rates were.20:28,3132.3435.37 The risk of detection bias was con-
sidered high in five studies,!83%36:3740 while it was consid-
ered low in seven.?!,2225.2635.38.39 Fisher’s exact test revealed
that multicentre controlled design more often had a low risk
of detection bias compared to the other study designs (p =
0.225). Reporting bias concerned predefined and reported
outcome variables. In two studies,’>35 outcome variables
were prespecified but not all reported, which gave them a
high risk of reporting bias classification.

Discussion

This systematic review explored the effects of a classroom-
based CRM training on safety culture. In total, 22 studies
were included whose effect was mainly evaluated by means
of the SAQ or the HSOPSC. Uncontrolled studies in our sys-
tematic review all found positive effects, although the mag-
nitude of effects varied across the studies. Two controlled
studies that used a control group found no training effects.
All but one of the cross-sectional controlled studies found
some effects. Risk of bias assessment revealed that in



SAGE Open Medicine

€ 0S

(i) paroudwi (j) paaoadui
sweal |1/0]  sweu g]/]

paAoudwi paaouadui
swial y/f swa3l /0
sawodno

asuodsal aARISO4  shonuiuo’)
dno.g pauren

ul saJ0ds diysaapes| JaysiH
paiiodau aJ0ds

9JBWI|D SIOMWIED] [[BIIAO ON|
swall 9 Jo

IN0 9 ul JuswaAoldwl suedIsAyd

swall 9 jo
N0 G Ul JuBWAAoIdW] 1SaSINN
paAoJdwi swadi

£ J0 1no 7 :Aixa|dwod wnipaly
paaoudwi swani

/ J0 1no /7 :kxajdwod ydiH

(5403n0) 67°€ < T0E
(54030) €67 < 1£T
(5403n0) |5°¢ <= 9¢°¢
(540 3n0) §1°¢ < 98°C
(5403n0) |G°¢ < TE'€
(5 403n0) £9°¢ < '€
(§401n0) |18°¢ < |§°€
(§40I00) 97°¢ < |H'€
(5403n0) |g°€ < €9°€
(5403n0) Gp'¢ < €8¢
mZ U_O.._uCOU

(szy0

IN0) §'9| < €G] :UOBUBAII|

(001 40 3n0) /79 < S'L¥

(001 J03n0) 779 <~ T€S

3upuodau Jouug

JJomuues |

(s4reuuonsanb
Ul SUOISUBWIP JUBAS|3. JaY3o ou) diysuapes

(paaodau
10U SUOISUSWIP J9Y10) 91BWI|D JOMLWIES |

(pa110dau J0u suoisuswip JaY30) djewWld A195eS
(paaodau

J0u :3uiyess) L1ajes jo uondaduad |easAQ
suon|sue.l pue syopuey |eadsoH

SIIUN SSO.DE HJOMLUES |

Jouud 03 asuodsad aAniund-uoN|
UO[IEBDIUNWIWOD PUE »2BqPa9) 40117
sssuuado uonesuNWWo)

A19yes 0o} 110ddns JuswaSeuew [eyidsoH
suoneldadxs Jadeuew;tosialadng
3uluies| [euonesiuedi

SIUN UIYIIM YJOMWES |

(paaodau
10U SUOISUSWIP J9Y30) 9IBWI|D HJOMLIES |
(po340dau

jou suolisuswip LOLUOV ssauuado uoned’iunwwo)

21UN UIYIM JOMWES |

o7 |8 39 2409
stle 3
Jsuised

e |8 39
Aauaed

ez [8 39
Aauaed

| 19 uadalg

17183
Aappes|g

ocl® 3
Jnowy

(N) swan (%) seiq
Jespun  Jodisiy

SunJodey uond9d@ UONINIY SDUBWLIOLDY UONDDRS

qAUDLUSSISSE SBIq JO YISy

$10943

(s)uorsuswip aumnd A19jes — dUNSBAW SWONINQO

924nog

+’S9IPN1S PapN|dUl 83U JO JUSWISSISSE SBIq JO H[SII SY2 PUE SIIPNIS PAPN|DUI BYI Ul paqLIdsap Sululend YD JO S129y7 °€ d|qe



Noord et al.

(panunuo))
| 0S 0 z 0 | 7 sesuodsau aAnisod %e6 01 %487 SunJaodeu 3usAs jo Adusnbauy o |e 39 pesas
14 09 [4 0 - | | SN suoisuaWIp OVS IV 18 39 491y
[eaidsoy aunus ueyy yeis
a8 Jo} 42y81y si suspuodsau
| /S | - | 4 aAnisod jo adejuaduad (po140dau 10U suoisusWIp J9Y10) S1BWID AI19JES  ,¢'[E 39 1kg
sasuodsau aanisod %/¢ 01 %40 JuswaSeurw jo uondadiay
sasuodsau aAnisod g6 031 %44¢ uonoejsnes qof
sasuodsau aAnisod %£9 01 %€ o'W A19jes
e[ 39
0 Py 0 I 0 | 7 sasuodsau aAnisod %g9 01 %€ SJBWI[D dIOMWIED | Jav119g
sasuodsau (po1Jodau R C)
C S/ z C - | ré aanisod %4°98 01 %€°/9 10U SUOISUSWIP J9Y10) 91BWI|D HJOMWES | SauolPy
(paaodau PSR
| 1T 0 I - 0 | (001 Jo 3N0) T69 < |'$9 J0U SUOISUSWIP J3Y10) SIBWID HJOMWES | Y20
(po340dau
wswaAoidwi DS 10U SUOISUSWIP J3Y3I0) IUN UIYIIM HJOMWES |
juswaAoadwi
:dnou3 sjoym pue ‘NDIS ‘NDId ssauusdo uonesunwwo)
JuawaAoadwil
z (43 0 z | 0 :dnougsjoym pue ‘NDIS ‘NDId Aioyes Jo suondeduad [[BUoAQ  (¢|B 39 J94RL
(07—0 ?8ued) 7| Buyyers
(61—1 28uea) || pai1odau syuaas jo Adousnbauy
(61— @8ued) 0] suonisue.y pue syopuey [eadsoH
(91—0 28uea) 7| S3IUN UIYIIM SJOMWIES |
(%) sasuodsau gISNUB
C 99 0 C 0 4 | aAnisod ui s3ueyd a3elsAy pUE |[eysJe}
(sJreuuonsanb ur suoisuswip PR C)
0 0S 0 I z | 14 (g401n0) 76°€ < 89°€ JUBASJ2J J3YI0 Ou) dJaydsowne pue aewi|D) Aauoyel
(s4reuuonsanb ui suoisuswip g8 3®
| 0S 0 I - | z paroadwi swadl g | /| JUBAS[3. J3L10 OU) JoMWEd] Jo uondadiad UOS.IRA[EH
(po1Jodau
suonsanb g/¢ ul Juswaoadu) J0U SUOISUSWIP J3Y10) UONIUS0IS SIS
suonsanb 7|/] ul Juswaoadw ajew|d> A194eg
0 4 | 0 | 0 suonsenb g /g ul auswsaAoadw) 91BWID MJOMWED |  ,'|B 19 J3|[eH

(i) peroudwi (j) paaoadwi
swal g1/8  swell |]/T

(pa110dau 10U suoisuswip Jaya0) a1ewld> A19jes

(N) swan (%) seiq
Jespun  jodysiy Sundoday uondRI9(  UONLIIYY SDUBWIOMSJ UOIDI|RS

QAUSWISSISSE SEBIq JO HSIY

$109)3

(s)uoisuswip 2umnd A19yes — sunsesw awonQ

92.4nog

(penunuo)) *¢ alqe



SAGE Open Medicine

10

(po3140odau 10u

a3ueydo oN|  suoisuawip J4ay3o) A1ajes jo suondaduad |[easAQ
a3ueydo oN J0JJ3 IN0gE UONEDIUNWWOD PUB >IBqpa94
a3ueyd oN ssauuado uoneduNWWo’)
dno.8 jo13uod pue uonuaAIIUI
ui sasuodsau aAnisod jo PR LEES
| €€ 0 0 z 0 |  93eausduad ul asESIDUl SANISO SIUN UIYIIM YJOMWES | JOABIAA
(001 403n0) €49 « 1'09 SUORIPUOD YIOAA
(001 Jo 3N0) £°€9 < |'9§ Juswageuew jo uondaduad
(001 0 3n0) £°69 < T'89 uonjugoda4 ssang
(001 J03M0) €/ < I'TL uondeysnes qof
(001 J03M0) 6L < ¥'£9 arewn)d Aiajeg
[ 14 0 0 _ 0 (001 J03n0) |'7L < 859 SIBWIPD IOMWED | ge[€ 3D STIBAA
ya8ua.as [euonesiuedio awedag S3IUN UIYIIM SJOMWIES |
ya8ua.aas [euonesiuedio awedag 3uluies| [euonesiuedi
JuswaAoadw| SJIUN SSO.IDE YOMWES |
JuswaAoIdw| Sulyeag
JuswaAoadw) suonisue.l pue syopuey [eidsoH
JuswaAoIdw| pa1Jodau s3uaAs Jo Adusnbauy
uswaAoadw) J04J3 3IN0gE UONEDIUNWWOD PUEB >DBqpad4
SINS3. SPIM-WSISAS
611 SIUN UIYIIM YJOMWES |
1'p1 SIIUN SSO.DE HJOMLWIES |
K1ayes juaned Sunowoud
60l suonoe pue suoneldadxe Jadeuew/tosiaiadng
8'sl Buyeag
g1 A19yes jo suondaduad |eaanQ
/|| 3uswaaoadwi snonupuod — Sulules| [euonesiuesiQ
6S1 Jouua 01 asuodsau aAniund-uoN
11 A19yes uaned Joj 3uoddns JuswaSeuew [eyidsoH
€1 suon|sue.l pue syopuey [elidsoH
sueaf ¢ Jayye sasuodsau aanisod scelleD
| $9 | z - | 4 Jo a8euaduad ur aseaudu| pue sewoy |
sasuodsau aAnisod %6/ 031 %ef IJUBWLAOIdWI snonunuod — 3ujuJes) [euonesiuediO
(N) swaun (%) seiq
Jesppun  joodsiy Sundodsy uONISID(Q  UONLINIY SDUBWLIOMSH UONDIDISS
AUSWISSDSSE SBIQ JO HISIY s109)3  (S)uoisuswip 24 nd A19jeS — SUNSESW SWOINQO a24nog

(penunuo)) ¢ ajqe L



I
Noord et al.

. tion
ias, with selec lts
.sk Ofbl s X .Resu
moderate ri mon biases ¢ at
ies were at 1 most com signs wer
tudie the lled de -
general, studic n bias being uncontrolle and that mu
blasand attition single-centre uncont cotion s tha ofber
a . an ion bia:
wed t ion bias t tection
Iso sho ction isk of de
= 5 " her risk of Seled a lower risk o Its of the
e Z o o hig tudies ha the resu _
S 53 g ticentre s ible reasons why of the uncon
25| 58 5 igns. I possible m those involve
g ES = desig several possi fferent fro . sually
= 8¢ 3 There are ies were diffe tre studies u differ from
5 & o lled studle~ single-cen e, these internally
M 5 & contro dies. First, In essence, ince inter
2213 ¢ S trolled stu .1 en initiatlves_‘ programmes lsl Ve more sup-
55 8 ital-driv ining . to ha ing
38 . ital-dr d train likely cordi
00 g2 25 hoSP luate . are 1 ff. Ac ..
5 €5 3 externally evaement projects anagers and Staofthe critical
j Ee) ISl . TOV . dle m - one
) 3% 5 i iven imp d mid ort is .. ourse.
o v ¢ R driv er an . 1 supp aming ¢ :
< |o 02 -3 port from upip o Orgamsatlon;e success of a tr. e variance in
o c ..
s % & g8 to Salas et a s determining tt dies allow mor. trolled stud-
‘S O w ] 3 SS factor Olled stu : than con 1 1m0ti'
9 g2 g ° succe controlle tegies ims wil
g ~ D: S '§ 8 Addltlonally’ unlementatlon .Stra 1 ioals and aimms lt to CRM
(a) 8 £ © tand imp . anisationa s to comm lled
SE 5 E conten tin org anager contro
S Vg oS ies. Embedmen re leaders and(;n compared  to s may have
=i z° £8 o ' tline ca I Second, design o-
€ §e 8% £ te fron inciples.4 trolled ffing pr
=] ~ g2 Q2 2 Tw va . rincip in uncon e.g. sta r
< =5 SE° ining prin ffects in factors (e.g fety) o
L9 5 trai . € Xt fa t sa
-9 . ning nte . len
2|8 LE oig designs, trai nfounded by co concerning paiional research
s | g e 3 s 2 € Co ivities nal inter-
°| 5 a 08 & n mor 1 activ is on the the inte
£l g Ag 2 g E bee tmenta ° ety is o influence
8|3 g8 ¢ 2 files, defpa: that patient Sagoitext may Higtistical (typefm
215 - 3T £ g 5 the fac ntries. ible beta s by fac-
© | P 0y oLs by . ny cou ssible ; enced by
a 23 of B da in ma due to po en influ s, our
8| §g §5 agen sults have be rtheless,
5|5 EE 8= 5 ion of re could e. Neve layed
S5 |5 c & 2.9 retatl - tcomes ion alone. is as ect play
< L ~ gg £ g D o pnee outeon interVe“ttlcr)eVea1 that thlstiepﬁdelity of
K] ‘w v 2 . 2
x| & 52 98 ® other tha tdid no influence tice.*
o O'% <5 8 tors ; essmen ay in . in prac
o 00 2 zaQ S ass text m inciples 1 ce
00 g - 2 3 isk of bia . 1ly, con ined princip f influen
g 8 EER 52 s dditionally, traine be of i t
c o} £2 9 23 le. A ion of the nt may ar pat-
g g j(lj é Lé, 8_ : ahroimplementatlonf the measureme although no C;eeffects
248y 82 §5% the iming o tudies, itude o
o3 c @ ® > v 8> . the tim fthe s agl’lltu . 1low-
Sgc2 ST 98 Third, the esults o n the m heir fo
22888 58 & 23 on the mlxe(ii'r covered betWeetiC review and t
S92 82 £ 3*—'0 be dis tema irst
Qo 9o D4 = Q>0 an . I Sys . Firs )
5< 5 0| g S5 8 tern ¢ ies in ou: . View.
Q 9 £ 9 g S g 2 in studie in this re ions
g9 =R £ 8385 nd in ings in ection
seg | g Yo g fou . o nding . ¢ corr
.g g :E §- ?o 08)_ E % g up perlods- me Smklng ﬁ ite studies r-nadEffects may
2 25 S 5o %% 3 We noted Sﬁ'centre or multis within units. f responses
@ a © o 5 S 8T multt onses ing o ient
2 sz 2E£% of the mul f response lusteri fficients
m 28 S35 § none ing o ince ¢ ion coe
2 g . ayg Cluster . ated S elatlon nses
5 pot for the erestimas 8s correla Iespo
z %% Y E g therefore be oVr when 1ntraclgle clustering ()IECS for the
= U < 5 € ;
5 £5 £ 2 8 decreases pz‘.’vh Concerning t al.# reported it level and
2 25 T o . its et al. n
< 8BS B 5 are hig itals, Smits for the u d for
g Fy 2 g ICCs) ar hospitals, to 31.7 fo threshol
£ o = T 3 ( ithin units or d from 4.3 ith 15 as a ncy of
b 05 %3 HSOPSC. (hat tho hospital lovel, i ly high freque llenge
u a5 =52 HSO hospi latively - halle
@ ] (§] cla stc
—§ o = E 3 -:"':’ _;:5 0.0 to 6.2 for t}i4 Second, the rtS that the bigge of respond-
c o 8 c . Ing. . S =
a; £ - £ 3 > 3 high Clustermtgrition bias Suglge ses to follow ups e of cross-
7} S . . S . a
S % P o S B g high risk Ofﬁt prevention of 0sponse in the coften handled
@ e c o g 2 & 5 ithin the ich re ere d
| § 5 §% % §5 ies within the pre a hig data w move
® E = 5 2 g 2 hets or in achlev"ll?lird the outcome equently, resul':le study
> 5 2 S5 35 ents ies. ’ d cons in
7} [¢] Q [SI=] . 1 studie €, an shown 0%
< %) O S e B “ na tcome, . as fal
o = ~ & 3 G5 sectio us ou ignificance, ff o
£ S w Qg ETS ichotomous outc I'signi he cut-o that
| ¥ £ s, s a dic atistica hen t is a chance th
£ g B 3% g aOoner towardlszthurthermore’ wsed there is C] tests will
— 9 o £l 2 g 2 S al. s is u . tistica
g | g € 3 g3 @ 53 by Gore etositive respons?ﬁcant, while sta
3 %8 °&5¢# in p igni
I B e egadad 1 i
S e 5 ‘o3 83 results a
~ 7} SES s 5~
~ ) = 0885z
o z &
) g
3 | § s
< 3
-



12

SAGE Open Medicine

not show any significant results, as shown in the study by
Stead et al.’®

In general, results of the studies varied widely, and keep-
ing in mind the possible bias, we are cautious in drawing
firm conclusions. The possibility of publication bias sup-
ports this feeling. When an intervention study does not find
an effect, study quality evaluations are more stringent, focus-
sing on the appropriateness of the study design, measure-
ments, and methodology. Thus, intervention studies with
negative results have a lower chance of publication.*> By
contrast, single-centre controlled studies have more chance
of publication as these studies show larger effects.*

Regarding generalisability, we must take into account
that safety culture is a subcomponent of organisational
culture and will thereby be influenced by the dominant
organisational culture. Organisational culture reflects
shared behaviours, beliefs, attitudes, and values regarding
goals, functions, and procedures.*” As with organisational
culture, beliefs, values, and attitudes towards safety cul-
ture could vary between individuals. The same variance is
possible between departments and within disciplines,
which hampers the generalisability of results to other
departments and types of departments, as those settings
will have profound differences in initial safety culture as
well as contextual features. The variety of evaluation
methods and designs used to track changes in culture ele-
ments aggravates this problem.

In addition to this, the variety in CRM training concepts
and the manner in which they are trained makes it hard to
pinpoint which training elements are related to specific cul-
ture changes. CRM, in general, is focussed on non-technical
skills, but different training underscores different concepts
or use different training forms. Moreover, expert trainers
might adapt their programme, exercises, and feedback to the
knowledge, skills, and dynamics in the group. Extensive
descriptions of CRM training interventions are therefore a
prerequisite when more in-depth analyses after correlations
or causations are desirable. Another recommendation would
be to also provide thorough descriptions of the trained par-
ticipants, to be able to gain more insight into for which teams
CRM training potentially works.

With respect to methodology, using questionnaires to
assess safety culture might not always be the best choice.
This method is appropriate within the analytical approach,
which assumes that culture is something an organisation Aas.
Although this analytical approach® is useful for comparative
research, the individual responses to the questionnaire still
depend on subjective individuals. We believe that academic
and pragmatic approaches — which acquire in-depth inter-
views and observations before drawing inferences — are lack-
ing. These approaches provide the context for the data
resulting from the analytical approach.*® Using a triangula-
tion methodology to study intervention effects and safety
culture in combination would strengthen inferences about

possible intervention effects, as well as the external and
internal validity of the safety culture construct.*’

Internationally, the impact of team training on secondary
outcomes such as adverse outcomes and safety culture
change has to be evaluated with highly reliable study designs.
This is challenging, especially in the health-care environ-
ment where clinical practice is influenced by a variety of
highly uncontrollable factors.* Non-controlled before—after
evaluations of the specified secondary outcomes might seem
the most realisable of all study designs. However, as men-
tioned previously, in these studies, effects could possibly be
attributed to other developments within or outside the organ-
isation since it is harder to distinguish between cause and
effect.’® One might suggest that controlled clustered (ran-
domised) studies would be a suitable solution. A sufficiently
large intervention and control group is a prerequisite.>® For
example, Nielsen et al.’! have considered that 1113 sites per
group are needed to have 80% power to detect a 40% reduc-
tion in adverse outcomes at labour and delivery units.
Another appropriate design for the evaluation of CRM
effects may be the stepped wedge design in which sites will
act as their own control. This will also reduce the risk of bias.
Advantages and disadvantages of the stepped wedge design
are mainly of a practical nature, that is, its design suits situa-
tions in which interventions allow for a phased introduction,
but it demands a laborious and extended amount of data
collection.>®

We are aware of the delay in the publication process since
December 2012. We performed a quick scan of the literature
in 2013 and the beginning of 2014 in MEDLINE, the data-
base in which all the included articles can be found. Probably
four studies have been published since December 2012 that
we would have included in this review.’>>> Three studies
were quasi-experimental’?33-54 and one study was a ran-
domised controlled trial,> two of them being small.33-
Since these studies did not show extreme findings at first
sight, we do not expect that an update of our review will
materially change the results.

In sum, we conclude that evidence of the effectiveness of
CRM training in health care in terms of improved safety cul-
ture is scarce and the validity of most studies is limited, due
to the predominant use of uncontrolled study designs.
Although it might be easier to comply with critical success
factors for team training with single-centre evaluations, the
results underline the necessity of a control group to reduce
the risk of bias. In addition to that, more in-depth measure-
ments of context and triangulation methods to analyse these
in combination with primary outcomes will help to acquire
insight into the working mechanisms of the CRM training
and the influential role of context.
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Appendix I. Risk of bias criteria used for the risk of bias assessment (Viswanathan et al.'?)
Type of bias  Criterion Study design
RCT CCT/cohort Cross-
study sectional
Selection bias  Was the allocation sequence generated adequately? X
Was the allocation of treatment adequately concealed? X
Were participants analysed within the groups they were originally assigned to? X X
Did the study apply inclusion/exclusion criteria uniformly to all comparison groups? X X
Did the strategy for recruiting participants into the study differ across study groups? X
Does the design or analysis control account for important confounding and X X X
modifying variables through matching, stratification, multivariable analyses, or other
approached?
Performance  Did researcher rule out any impact from a concurrent intervention or an unintended  x X X
bias exposure that might bias results?
Did the study maintain fidelity to the intervention protocol? X X X
Attrition bias  If attrition was a concern, were missing data handled appropriately? X X X
Detection Was the length of follow-up different between the groups or was the time period X X
bias between the intervention/exposure and outcome the same for cases and controls?
Were outcomes assessors blinded to the intervention or exposure status of X X X
participants?
Were intervention exposure assessed using valid and reliable measures implemented  x X X
consistently across all study participants?
Were outcomes assessed using valid and reliable measures implemented consistently ~ x X X
across all study participants?
Were confounding variables assessed using valid and reliable measures implemented X X
consistently across all study participants?
Reporting Were the potential outcomes prespecified by the researchers? Are all prespecified X X X
bias outcomes reported?






