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Objective To study the effect of an intervention based on Crew

Resource Management team training, including a tool for structured

communication, on adverse perinatal and maternal outcomes.

Design Stepped wedge.

Setting The Netherlands.

Population or sample Registry data of 8123 women referred from

primary care to a hospital during childbirth, at ≥ 32.0 weeks of

singleton gestation and with no congenital abnormalities, in the

period 2012–15.

Methods Obstetric teams of five hospitals and their surrounding

primary-care midwifery practices participated in the intervention.

In total, 49 team training sessions were organised for 465 care

professionals (75.5% participated). Adverse perinatal and maternal

outcomes before, during and after the intervention were analysed

using multivariate logistic regression analyses.

Main Outcome Measures Adverse Outcome Index (AOI-5), a

composite measure involving; intrapartum or neonatal death,

admission to neonatal intensive care unit, Apgar < 7 at 5 minutes,

postpartum haemorrhage and/or perineal tear.

Results In total, an AOI-5 score was reported in 11.3% of the

study population. No significant difference was found in the

incidence of the AOI-5 score after the intervention compared with

before the intervention (OR 1.07: 95% CI 0.92–1.24).

Conclusions We found no effect of the intervention on adverse

perinatal and maternal outcomes for women who were referred

during childbirth. Team training is appreciated in practice, but

evidence on the long-term impact is still limited. Upcoming

studies should build on previous research and consider more

sensitive outcome measures.

Keywords Adverse outcome index, crew resource management,

obstetrics.
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Introduction

Poor collaboration and communication are well-known

contributing factors to adverse health outcomes.1,2 For

example, the Joint Commission on Accreditation of Health-

care Organisations identified miscommunication as a con-

tributing factor in two of every three sentinel events in

2014.3 Breakdown in communication is at risk, especially

during handovers.4 A safe transfer of responsibility of

patient care is even more challenging between care profes-

sionals working at different locations and between care

professionals at different levels of care. In an obstetric

team, obstetricians, midwives and nurses work together in

a complex care setting and teams change within and

between shifts. In addition, in settings with community

midwives, referral situations are quite common. These
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referral situations have been identified as an important risk

factor for deficits in team performance.5

Efforts to improve collaboration and communication in

obstetric care often include team training interventions

based on Crew Resource Management (CRM). CRM team

training focuses on team performance and team coordina-

tion to promote safety and enhance efficiency.6 Instead of

technical skills, in CRM team training cognitive and inter-

personal skills are addressed such as teamwork, communi-

cation, decision making and leadership.7 A number of

studies and reviews have been performed exploring the

effectiveness of CRM team training in healthcare in general

and obstetric care in particular. Findings indicate that class-

room-based CRM team training has had positive effects on

participants’ reactions, attitudes towards teamwork and

safety and team behaviours.6–10 However, there is a lack of

evidence regarding the impact of CRM team training on

patient outcomes.

Team training seems most effective when implemented as

a bundled intervention that includes tools to support effec-

tive collaboration and communication.11 CRM team training

programmes are being increasingly used to support imple-

mentation of checklists for structured communication, such

as SBARR (situation, background, assessment, recommenda-

tion, read-back). SBARR provides a common and pre-

dictable structure for an accurate information exchange in a

brief and concise way.12 For example, this structure can be

used during intrapartum referrals to enhance communica-

tion and mutual understanding between obstetric care pro-

fessionals of a woman’s situation. In addition,

implementation strategies should be taken into account as

well as ways to sustain effects in daily clinical practice.

The LOCoMOTive study (Local Obstetric Collaboration

Onsite Multicentre Teamtraining effectiveness study) was

designed to examine the effectiveness of an intervention in

an obstetric care setting, based on CRM team training,

including the SBARR tool for structured communication

during intrapartum referrals. It is a longitudinal multicen-

tre study with an explicit focus on interprofessional collab-

oration and communication. We aimed to study the effect

of this intervention on adverse perinatal and maternal

outcomes.

Methods

Design
We performed a stepped wedge study in the northwestern

region of the Netherlands. A stepped wedge design is a

one-way crossover design in which different clusters switch

from control to intervention conditions at regular inter-

vals.13 To uphold a high quality of the intervention, this

design was considered to be appropriate as the intervention

periods in different clusters did not coincide. In the current

study, five Local Obstetric Collaborations (LOCs) represent

the different clusters. An LOC refers to a hospital and the

surrounding primary-care midwifery practices that are their

preferred referring practices. The intervention was rolled

out sequentially in all five LOCs at 3-monthly intervals.

The five LOCs were randomly assigned to a specific inter-

vention period using an online randomisation tool. Fig-

ure 1 shows a scheme of the study periods following a

stepped wedge design. Patients were not involved in the

development of this research.

Setting
In the Netherlands, obstetric care is provided by different

groups of professionals working in three levels of care; pri-

mary, secondary and tertiary. Independent primary-care

midwives take care of women in the locality with low risks

of pathology. Women are referred to secondary care, a gen-

eral or teaching hospital, if risks of adverse fetal or mater-

nal outcomes are high, or if complications arise during

pregnancy or childbirth. In hospitals, obstetricians take

over responsibility and care, in collaboration with nurses,

clinical midwives and specialist registrars. More specialised

care for complex and acute cases is provided in academic

hospitals, representing the third level of care. Besides clini-

cal relevance, there are elective reasons for referring women

from primary care to a hospital, such as analgesia during

childbirth. A consequence of this system is a high referral

rate between care settings for women. In 2016, more than

85% of all pregnant women in the Netherlands started pre-

natal care provided by primary-care midwives. Of all

women, 35.2% (n = 59 210) were referred to a hospital

during pregnancy and an additional 21.5% (n = 36 250)

were referred during childbirth.14

Intervention
The intervention focused on intrapartum referrals between

primary care and secondary or tertiary care and is based

on classroom-based CRM team training including the

SBARR tool for structured communication. In every LOC,

two complementary 3-hour team training sessions were

organised for the entire multidisciplinary team of obstetric

professionals in a period of 3 months. The teams in every

LOC consisted of primary-care midwives, obstetricians,

specialist registrars, nurses and clinical midwives. In order

to include the entire team per LOC, multiple sessions were

scheduled for each part of the training. In total, 49 team

training sessions were organised for 465 care professionals

in the five LOCs. The training served a dual purpose: (i) to

develop the interpersonal knowledge and skills needed for

optimum collaboration within the chain of obstetric care;

and (ii) to improve interprofessional communication dur-

ing intrapartum referrals by using SBARR for a structured

communication procedure. The team training sessions were
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highly interactive and included plenary sessions, group dis-

cussions and role-playing reflecting referral situations. As

shown in Figure 1, the ‘Intervention period (I)’ represents

the period in which the team training sessions were organ-

ised. The details of the intervention have been described

elsewhere, including an overview of the programme of the

team training sessions.15

Study population
We used national registry data from women who gave birth

in one out of the five LOCs, at ≥ 32.0 weeks of singleton

gestation and with no congenital abnormalities, with date

of birth between 1 January 2012 and 31 December 2015.

The hospitals assigned to the LOCs represent different

types of hospitals. We included two general hospitals, two

teaching hospitals and one academic hospital. Because the

focus of the intervention was on collaboration and commu-

nication during intrapartum referrals, we selected only the

women who were referred during childbirth from primary

care to secondary or tertiary care.

Birth data were obtained from the Netherlands Perinatal

(Perined) registry (Perined approval 15.51). The Perined

registry is a national registry containing information on

pregnancies, childbirth and (re)admissions until 28 days

after birth. The database is formed by validated linkage of

three profession-based registries on a yearly basis. These

registries involve the midwifery registry (LVR1), the obste-

tricians registry (LVR2) and the paediatricians and neona-

tologists registry (LNR).16 All data in the Perined registry

are voluntarily recorded by care professionals during prena-

tal care, childbirth and the neonatal period.

Primary outcome measure: adverse outcome index
Adverse outcomes were assessed using the Adverse Out-

come Index (AOI). The AOI was developed by Mann et al.

to measure the frequency of births with one or more of ten

predefined adverse events.17 In the Netherlands, a study

was conducted to examine the validity and reliability of the

AOI based on the Perined registry. Based on the results, a

shorter version of the AOI has been recommended as suit-

able for the Dutch context and registry, involving five

instead of ten adverse events.18 Currently, the AOI-5 is a

no core outcome set and is operationalised as a national

obstetric quality indicator in the Netherlands. The AOI-5

score is a dichotomous variable (0: no adverse events, 1:

one or more adverse events). Box 1 shows the components

of the AOI-5 as well as inclusion and exclusion criteria.

These criteria and components were used as outcome mea-

sures in the current study.

Secondary outcome measure
The secondary outcome measure involved an evaluation of

the classroom-based CRM team training sessions. After the

second team training all participants were asked to com-

plete a ten-item questionnaire. The self-reported question-

naire assessed the trainers, perceived strong and weak

elements of the training programme, added value for every-

day practice and the applicability of the content, especially

regarding the use of SBARR during referrals. These results

were used to illustrate the participants’ reaction to the

intervention.

Figure 1. Scheme of the three study periods per Local Obstetric Collaboration (LOC) between 2012 and 2015, visualising the period before the

intervention, intervention period (I) and period after the intervention.

Box 1 Components of the adverse outcome index
(AOI-5)

Adverse Outcome Index (AOI-5)*

Components

� Intrapartum or neonatal death (≥ 2500 g or ≥ 37.0 weeks of

gestation)

� Admission to Neonatal Intensive Care Unit (NICU) (≥37.0 weeks
of gestation)

� APGAR <7 at 5 minutes

� Postpartum haemorrhage (≥1000 ml)**

� Third- or fourth-degree perineal tear

Inclusion criteria

� Singleton pregnancies

� ≥ 32.0 weeks of gestation

Exclusion criteria

� Congenital abnormalities

*AOI-5 score: A dichotomous variable defined as the percentage of

births with one or more of the adverse events (0: no adverse

events, 1: one or more adverse events).

**The component blood transfusion as defined by Mann et al.17 is

replaced by postpartum haemorrhage.
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Statistical analysis
Descriptive statistics were used to study population charac-

teristics before, during and after the intervention. These

characteristics involved maternal age (continuous), gesta-

tional age (continuous), parity (categorised as primiparous

or multiparous), ethnic background (categorised as Cau-

casian or non-Caucasian) and socio-economic status. Data

for socio-economic status (educational level, (un)employ-

ment and income) are based on the four-digit postal code

and were obtained from the Netherlands Institute for Social

Research for the most recent year 2010 and categorised as

low <p25, middle, or high >p75. In addition, descriptive

statistics were used to study the participants’ reaction to

the team training sessions as well as the variation of the

AOI-5 score per quarter in the study period 2012–15.
The incidence of the AOI-5 before, during and after the

intervention was determined and differences were tested

with a chi-square test, for the three study periods (before,

during and after) as well as two study periods (before and

after). To investigate the effect of the intervention on the

AOI-5 score, we performed multivariate logistic regression

analyses comparing the study periods ‘after intervention’

with the ‘before intervention’. After an initial crude analy-

sis, the first adjusted model added the variable ‘location’ to

correct for inclusion of five LOCs (with LOC = 1 as refer-

ence). The second adjusted model included the variable

location and the five variables related to the population

characteristics; maternal age, gestational age, parity, ethnic

background and socio-economic status.

We tested for interaction (effect modification) between

the study periods and the five LOCs to evaluate whether

the intervention effect was different for the different LOCs.

Finally, we performed two additional analyses; first com-

paring the study periods ‘during intervention’ and ‘before

intervention’ to investigate a short-term effect of the team

training sessions, second excluding the LOC referring to an

academic hospital. A significance level of P ≤ 0.05 was used

as an indication of statistical significance. All statistical

analyses were performed with SAS for Windows XP (ver-

sion 9.3, SAS Institute Inc. Cary, NC, USA).

Results

The obstetric teams in five LOCs involved 465 care profes-

sionals. These teams consisted of obstetricians, including

specialist registrars (n = 87), nurses (n = 120), clinical

midwives (n = 46) and primary-care midwives (n = 212).

In total, 334 care professionals participated in the first team

training (71.8%) and 351 care professionals participated in

the second team training (75.5%). The overall participation

rate varied between the professions involved: primary-care

midwives (92.5%), obstetricians (87.4%), specialist regis-

trars (84.8%), nurses (63.7%) and clinical midwives

(92.5%). On average, the care professionals rated the qual-

ity of the team training sessions a score of 7.7 (SD 0.9) on

a ten-point Likert scale. In addition, care professionals

expected collaboration, communication in acute situations

and quality of care to improve, respectively scoring these

issues 4.1 (SD 0.8), 4.3 (SD 0.8) and 4.1 (SD 0.7) on a

five-point Likert scale.

In total, 42 611 women gave birth, at ≥ 32.0 weeks of

singleton gestation and with no congenital abnormalities,

between January 2012 and December 2015. Of these

women, 8123 (19.1%) were referred during childbirth and

were included in this study. The percentage of women

referred during childbirth increased over the study periods,

from 18.1% before the intervention to 20.4% in the period

after the intervention. Table 1 shows the characteristics of

these women. On average, maternal age was 30.4 years and

gestational age was 39.5 weeks. The percentage of primi-

parous women before, during and after the intervention

ranged from 65.3% to 68.8%. In addition, the percentage

of Caucasian women ranged from 65.9% to 68.1%. Socio-

economic status showed the only significant difference

between the three study periods (P < 0.01). During the

intervention period, more women with low socio-economic

status (38.6%) were referred to a hospital compared with

before (30.1%) or after (34.5%).

In total, the incidence of an AOI-5 score was 11.3%

(n = 916) of the study population. This means that in

11.3% of births one or more adverse events had occurred

for women who were referred during childbirth. A broad

range of the AOI-5 was found per quarter during the

study period. The AOI-5 score ranged between 9.5% and

14.5%. Table 2 shows the percentage of births with an

AOI-5 score and the adverse outcomes before, during and

after the intervention. No evidence of a difference was

found between the three study periods (P = 0.52) nor

between the two periods ‘after intervention’ and ‘before

intervention’ (P = 0.29). In addition, no evidence of a dif-

ference was found between the study periods for the five

separate adverse outcomes that comprise the AOI-5 score.

Neither was there a significant trend of the AOI-5 score

within the ‘before period’ or ‘after period’. Postpartum

haemorrhage was the most prevalent adverse outcome,

ranging between 6.5% and 7.2%.

Table 3 shows the results of the logistic regression analy-

ses. No evidence of a crude difference of AOI-5 score was

found between the period ‘after the intervention’ compared

with the period ‘before the intervention’ (OR 1.08, 95% CI

0.94–1.24). Neither of the two adjusted analyses showed

evidence of a difference between these two periods. The

adjusted odds ratio was 1.07 (95% CI 0.92–1.24). There

was no evidence of an interaction between the three study

periods and the five LOCs (P = 0.12). Repeating the analy-

ses for the comparison between the periods ‘during
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intervention’ and ‘before intervention’ showed similar

results. In addition, the final analysis without the academic

LOCs showed no evidence of a difference in AOI-5 score

between the study periods. These results of the additional

analyses are shown in the Supplementary material

(Table S1 and Table S2).

Discussion

Main findings
This study showed no effect on the incidence of adverse

perinatal and maternal outcomes of a classroom-based

CRM team training intervention including the SBARR tool

Table 1. Population characteristics of women referred during childbirth from 2012 to 2015

Total (n = 8123) Before intervention

(n = 4298)

During intervention

(n = 489)

After intervention

(n = 3336)

Maternal age (years), mean (SD) 30.4 (4.8) 30.5 (4.8) 30.3 (4.9) 30.3 (4.7)

Gestational age (weeks),

mean (SD)

39.5 (1.4) 39.5 (1.4) 39.6 (1.4) 39.5 (1.4)

Parity, n (%)

Primiparous 5387 (66.3) 2871 (66.8) 336 (68.7) 2180 (65.3)

Multiparous 2736 (33.7) 1427 (33.2) 153 (31.3) 1156 (34.7)

Ethnic background, n (%)

Caucasian 5454 (67.1) 2926 (68.1) 328 (67.1) 2200 (65.9)

Non-Caucasian 2669 (32.9) 1372 (31.9) 161 (32.9) 1136 (34.1)

Socio-economic status, n (%)

Low 2635 (32.4) 1295 (30.1) 189 (38.6) 1151 (34.5)

Medium 2909 (35.8) 1577 (36.7) 150 (30.7) 1182 (35.4)

High 2579 (31.8) 1426 (33.2) 150 (30.7) 1003 (30.1)

Table 2. Adverse Outcome Index (and components) of women referred during childbirth from 2012 to 2015

Total

(n = 8123)

Before intervention

(n = 4298)

During intervention

(n = 489)

After intervention

(n = 3336)

P value** P value***

AOI-5 score* 916 (11.3%) 472 (11.0%) 52 (10.6%) 392 (11.8%) 0.29 0.52

AOI components, n (%)

Intrapartum or

neonatal death

3 (< 0.1) 0 (0) 0 (0) 3 (0.1) – –

Admission to NICU 47 (0.6) 25 (0.6) 2 (0.4) 20 (0.6) 0.92 0.87

Apgar < 7

(5 minutes)

122 (1.5) 65 (1.5) 8 (1.6) 49 (1.5) 0.88 0.96

Postpartum

haemorrhage

551 (6.8) 278 (6.5) 32 (6.5) 241 (7.2) 0.19 0.42

Perinatal tear 262 (3.2) 137 (3.2) 12 (2.5) 113 (3.4) 0.63 0.54

*AOI-5 score: A dichotomous variable defined as the percentage of births with one or more of the adverse events (0: no adverse events, 1: one

or more adverse events).

**P value: Two-group comparison (before and after the intervention).

***P value: Three-group comparison.

Table 3. Intervention effect based on logistic regression analyses

After intervention compared with

before intervention

OR 95% CI

Crude 1.079 0.936–1.244

Adjusted* 1.048 0.906–1.213

Adjusted** 1.069 0.924–1.237

*Odds ratio adjusted for location.

**Odds ratio adjusted for location, maternal age, gestational age,

parity, ethnicity, socio-economic status.

911ª 2019 The Authors. BJOG: An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd on behalf of
Royal College of Obstetricians and Gynaecologists

Team training intervention: effect on adverse outcome index (AOI-5)



for structured communication during intrapartum referrals.

In total, an AOI-5 score was reported in 11.3% of the

study population. No significant difference was found in

the incidence of the AOI-5 score for women who were

referred during childbirth before, during or after the inter-

vention. In addition, no significant difference was found

between the three study periods for the five separate

adverse outcomes that comprise the AOI-5 score.

Strengths and limitations
Evidence on the impact of CRM team training on adverse

patient outcomes is limited. As individual adverse events are

rare, we used the composite measure AOI.17 Using this index

lessened the need for an excessively large study population

and allowed for statistical analysis of data from the five LOCs.

By including five LOCs there is a risk of chance imbalance.

However, we did not find significant differences in the base-

line period and found no evidence of different effects for the

five LOCs. Other studies outside the Netherlands have used

the AOI score as well as modified versions.19,20 We were able

to use a modified version of the AOI score as outcome mea-

sure, operationalised to the Dutch context.18 No other Dutch

study has yet been published including this AOI-5 score.

Although the AOI has been used in other studies, differ-

ent applications and compositions make it difficult to com-

pare and interpret the results. For example, some reported

mean scores in studies that used the original ten-item AOI

score, developed by Mann et al., varied from 2.5% to

9.4%.21–23 In the current study, the mean scores also varied

considerably during the study period. Moreover, the AOI-5

score is dominated by the most prevalent component; post-

partum haemorrhage. As a result, the broad range of this

composite measure makes it difficult to measure an effect

before, during and after the intervention over a 4-year

study period. Mann et al. developed a scoring system to

correct for variation in severity.17 However, there is cur-

rently no validated scoring system for the Dutch AOI-5.

Therefore, we presented the individual components, to

increase understanding of the composition of the AOI-5 in

our study population. The prevalence of five components

in this study population is in line with national data.14

Interpretation
Previous studies have reported mixed results on the impact

of classroom-based CRM team training on clinical outcomes.

In obstetrics, Pettker et al. reported a decrease of the AOI

score in a single academic centre, whereas Nielsen et al.

found no effect on this outcome after classroom-based CRM

team training in a multicentre setting.21,22 Various effects on

patient outcomes have also been reported in other care set-

tings. For example, a decline in operative technical errors

and a non-significant reduction in hospital stay have been

reported in a study including a single operating theatre.24 In

contrast, a CRM study in the trauma room of an emergency

department reported an increased length of hospital stay and

unaltered mortality rates.25 In the current multicentre study,

no significant effect has been found of a classroom-based

team training intervention on the AOI-5 score for women

who were referred during childbirth.

In recent years, several studies have focused on simula-

tion-based CRM team training rather than classroom-based

training. In 2014, a review on the impact of simulation-

based CRM training showed that only five studies exam-

ined changes in patient outcomes despite an abundance of

literature on simulation-based education. These studies

found some improvements in patient outcomes, including

complications, length of stay and mortality rates. Still, only

one study reported a significant impact of simulation-based

CRM training on mortality rates, a cohort study in a single

hospital with no control group.26 In addition, Fung et al.

found only two out of 12 studies demonstrating sustained

reductions in adverse outcomes after a single simulation-

based CRM team intervention.27 Overall, classroom-based

and simulation-based CRM interventions have limited

effects on patient outcomes at best, which are often

reported in single-centre studies.

Despite a lack of clear evidence, several elements to

optimise team training can be derived from the literature.

These elements include, onsite repetitive training, low tech-

nological base, a highly realistic approach and integration

of an interventional or implementation programme.10,11,28

The current study included these elements and has built on

previous research on the impact of CRM team training

incorporating critical success factors and an implementa-

tion strategy including the SBARR tool for structured

communication during intrapartum referrals. This has

resulted in a high response rate, in total 75.5% of the care

professionals in the study population participated in the

team training sessions. Also, the intervention received

high ratings comparable to other studies. In addition, in a

dynamic context for research the intervention was rolled out

as planned, according to the stepped wedge design. Overall,

the study has met the need for a multicentre longitudinal

approach to investigate the effectiveness of a complex social

intervention.

Yet, it is possible that the lack of an effect of classroom-

based CRM in this study may relate to the study popula-

tion, context as well as intervention format. Women who

are referred during childbirth from primary care to a hos-

pital are at low risk of pathology at the onset of childbirth.

Women can be referred if a complication arises; however, a

referral is also indicated for elective reasons such as analge-

sia during childbirth. In addition, we found no significant

difference in effect between the five LOCs. Still, we must

acknowledge that there are local differences in patient

safety practices and implementation strategies aimed to
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improve collaboration and communication. Moreover,

intrapartum referrals are complex situations. Besides collab-

oration and communication, the transfer of patient care

between care settings requires many other skills, such as

clinical assessment and decision making. The intervention

addressed generic skills of teamwork whereas the outcome

measure involved specific adverse perinatal and maternal

outcomes.29 The alignment between intervention and out-

come measure could be improved by incorporating these

specific measures in the team training, for example using

postpartum haemorrhage in case scenario’s.

Conclusion

We found no effect of classroom-based CRM team training

including the SBARR tool for structured communication

on adverse perinatal and maternal outcomes for women

who were referred during childbirth. As the adoption of

CRM team training in healthcare settings continues to

grow, evidence on the long-term impact of CRM team

training is still limited. However, the discussion of whether

there are specific combinations of CRM-inspired interven-

tions that could have positive outcomes is likely to con-

tinue. This multicentre longitudinal study has built on

previous research on CRM effectiveness. Further research

should take into account context and practical considera-

tions of CRM team training as well as sensitive outcome

measures aligned with the intervention.

Disclosure of interests
None declared. Completed disclosure of interest forms are

available to view online as supporting information.

Contribution to authorship
AR conducted the LOCoMOTive study and drafted the

manuscript. AR performed statistical analyses in collabora-

tion with ACJR and JWRT. AR, ACJR, MCdB, JWRT, CW,

CJMdG and PWT made contributions to interpretation of

the data and revisions to the manuscript; they also read

and approved the final manuscript.

Details of ethics approval
The LOCoMOTive study was approved by the Medical Eth-

ical Committee of the VU University Medical Centre in the

Netherlands on 11 September 2013. The study protocol is

in accordance with Dutch privacy regulations. Participating

hospitals received approval from their local boards and all

obstetric departments and independent midwifery practices

provided written consent to access and use data from the

Perined registry. In addition, the committee for research

and ethics of Perined approved the study protocol (Perined

approval 15.51) on 22 September 2015. The study is regis-

tered within the Dutch Trial Registry, record NTR 4256.

Funding
This work was supported by ZonMw, the Dutch Organisa-

tion for Health Research and Development, Grant Number

209020001. ZonMw had no role in the design of this study

or execution, analysis and interpretation of results.

Acknowledgements
We would like to thank all the care professionals who par-

ticipated in the team training sessions as well as the hospi-

tals and midwifery practices for providing consent to access

and use data from the Perined registry for analyses.

Supporting Information

Additional supporting information may be found online in

the Supporting Information section at the end of the

article.

Table S1. Intervention effect based on logistic regression

analysis, comparing study periods ‘during intervention’ and

‘before intervention’

Table S2. Intervention effect based on logistic regression

analyses, including four Local Obstetric Collaborations

(LOCs) (excluding the LOC referring to the academic hos-

pital).&

References

1 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(suppl1):i85–90.
2 Manser T. Teamwork and patient safety in dynamic domains of

healthcare: a review of the literature. Acta Anaesthesiol Scand

2009;53:143–51.
3 The Joint Commission. Patient safety – Sentinel event statistics

released for 2014. Joint Commission Online 2015.

4 WHO Collaborating centre for patient safety solutions.

Communication during patient hand-overs. Patient Safety Solutions

2007; 1(3).

5 Kripalani S, LeFevre F, Phillips CO, Williams MV, Basaviah P, Baker

DW. Deficits in communication and information transfer between

hospital-based and primary care physicians: implications for patient

safety and continuity of care. JAMA 2007;297:831–41.
6 Salas E, Wilson KA, Burke CS, Wightman DC. Does crew resource

management training work? An update, and extension and some

critical needs. Hum Factors 2006;48:392–412.
7 O’Dea A, O’Connor P, Keogh I. A meta-analysis of the effectiveness

of crew resource management training in acute care domains.

Postgrad Med J 2014;90:699–708.
8 Haller G, Garnerin P, Morales MA, Pfister R, Berner M, Irion O, et al.

Effect of crew resource management training in a multidisciplinary

obstetrical setting. Int J Qual Health Care 2008;20:254–63.
9 Rabøl LI, Østergaard D, Mogensen T. Outcomes of classroom-based

team training interventions for multiprofessional hospital staff. A

systematic review. Qual Saf Health Care 2010;19:e27.

10 Bergh AM, Baloyi S, Pattinson RC. What is the impact of multi-

professional emergency obstetric and neonatal care training? Best

Pract Res Clin Obstet Gynaecol 2015;29:1028–43.

913ª 2019 The Authors. BJOG: An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd on behalf of
Royal College of Obstetricians and Gynaecologists

Team training intervention: effect on adverse outcome index (AOI-5)



11 Weaver SJ, Dy SM, Rosen MA. Team-training in healthcare:

a narrative synthesis of the literature. BMJ Qual Saf 2014;23:359–72.
12 Riesenberg LA, Leitzsch J, Little BW. Systematic review of handoff

mnemonics literature. Am J Med Qual 2009;24:196–204.
13 Hemming K, Haines TP, Chilton PJ, Girling AJ, Lilford RJ. The

stepped wedge cluster randomized trial: rationale, design, analysis

and reporting. BMJ 2015;350:h391.

14 Perined. Perinatal care in the Netherlands 2016 [Perinatale zorg in

Nederland 2015]. Utrecht, the Netherlands: Perined, 2018.

15 Romijn A, de Bruijne MC, Teunissen PW, de Groot CJM, Wagner C.

Complex social intervention for multidisciplinary teams to improve

patient referrals in obstetrical care: protocol for a stepped wedge

study design. BMJ Open 2016;6:e011443.

16 M�eray N, Reitsma JB, Ravelli ACJ, Bonsel GJ. Probabilistic record

linkage is a valid and transparent tool to combine databases without

a patient identification number. J Clin Epidemiol 2007;60:883–91.
17 Mann S, Pratt S, Gluck P, Nielsen P, Risser D, Greenberg P, et al.

Assessing quality in obstetrical care: development of standardized

measures. Jt Comm J Qual Patient Saf 2006;32:497–505.
18 Projectteam MILQ (Mother and Infant Labour Quality). Adverse

Outcome Index – Joint responsibility [De adverse Outcome Index: Samen

verantwoordelijk, samen transparent – verantwoordingsdocument]. The

Netherlands 2015.

19 Wagner B, Meirowitz N, Shah J, Nanda D, Reggio L, Cohen P, et al.

Comprehensive perinatal safety initiative to reduce adverse obstetric

events. J Healthc Qual 2012;34:6–15.
20 Tolcher MC, Torbenson VE, Weaver AL, McGree ME, El-Nashar SA,

Nesbitt KM, et al. Impact of a labor and delivery safety bundle on a

modified adverse outcome index. Am J Obstet Gynecol 2016;214:

401.e1–9.

21 Nielsen PE, Goldman MB, Mann S, Shapiro DE, Marcus RG, Pratt SD,

et al. Effects of teamwork training on adverse outcomes and process

of care in labor and delivery. Obstet Gynecol 2007;109:48–55.
22 Pettker CM, Thung SF, Norwitz ER, Buhimschi CS, Raab CA, Copel

JA, et al. Impact of a comprehensive patient safety strategy on

obstetric adverse events. AM J Obstet Gyecol 2009;200:492–8.
23 Walker S, Strandjord TP, Benedetti TJ. In search of perinatal quality

outcome measures: 1 hospital’s in-depth analysis of the Adverse

Outcome Index. Am J Obstet Gynecol 2010;203:336.e1–7.
24 McCulloch P, Mishra A, Handa A, Dale T, Hirst G, Catchpole K. The

effects of aviation-style non-technical skills training on technical

performance and outcome in the operating theatre. Qual Saf Health

Care 2009;18:109–15.
25 Haerkens MHTM, Kox M, Noe PM, van der Hoeven JG, Pickkers P.

Crew Resource Management in the trauma room: a prospective

3-year cohort study. Eur J Emerg Med 2017;25:281–7.
26 Boet S, Bould MD, Fung L, Qosa H, Perrier L, Tavares W, et al.

Transfer of learning and patient outcome in simulated crisis resource

management: a systematic review. Can J Anaesth 2014;61:571–82.
27 Fung L, Boet S, Bould MD, Qosa H, Perrier L, Tricco A, et al. Impact

of crisis resource management simulation-based training for

interprofessional and interdisciplinary teams: a systematic review. J

Interprof Care 2015;29:433–44.
28 Bleustone J, Johnson P, Fullerton J, Carr C, Alderman J, BonTempo

J. Effective in-service training design and delivery: evidence from an

integrative literature review. Hum Resour Health 2013;11:51.

29 Brown C, Hofer T, Johal A, Thomson R, Nicholl J, Franklin BD, et al.

An epistemology of patient safety research: a framework for study

design and interpretation. Part 3-End points and measurement. Qual

Saf Health Care 2008;17:170–7.

914 ª 2019 The Authors. BJOG: An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd on behalf of
Royal College of Obstetricians and Gynaecologists

Romijn et al.




