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Objective To identify specific aspects of teamworking associated

with greater clinical efficiency in simulated obstetric emergencies.
Design Cross-sectional secondary analysis of video recordings
from the Simulation & Fire-drill Evaluation (SaFE) randomised
controlled trial.
Setting Six secondary and tertiary maternity units.
Sample A total of 114 randomly selected healthcare professionals,

in 19 teams of six members.
Methods Two independent assessors, a clinician and a language

communication specialist identified specific teamwork behaviours
using a grid derived from the safety literature.
Main outcome measures Relationship between teamwork

behaviours and the time to administration of magnesium sulfate,
a validated measure of clinical efficiency, was calculated.
Results More efficient teams were likely to (1) have stated

(recognised and verbally declared) the emergency (eclampsia)

earlier (Kendall’s rank correlation coefficient sb = )0.53, 95% CI
from )0.74 to )0.32, P = 0.004); and (2) have managed the
critical task using closed-loop communication (task clearly and
loudly delegated, accepted, executed and completion
acknowledged) (sb = 0.46, 95% CI 0.17–0.74, P = 0.022). Teams
that administered magnesium sulfate within the allocated time
(10 minutes) had significantly fewer exits from the labour room
compared with teams who did not: a median of three (IQR 2–5)
versus six exits (IQR 5–6) (P = 0.03, Mann–Whitney U-test).
Conclusions Using administration of an essential drug as a valid

surrogate of team efficiency and patient outcome after a simulated
emergency, we found that more efficient teams were more likely
to exhibit certain team behaviours relating to better handover and
task allocation.
Keywords Closed loop, communication, eclampsia, education,

emergencies, handoff, handover, leadership, magnesium sulfate,
mnemonics, obstetric labour complications, patient care team,
pre-eclampsia, SBAR, simulation, teaching, teamwork, training.
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The effective management of critical clinical emergencies
requires a rapid coordinated response by multiprofessional
teams. It is known that some teams fail to manage clinical
emergencies optimally because of poor teamworking, which
can result in permanent harm and medical litigation.1–3
The need to provide training for teams managing such
emergencies has been identified as a priority for the reduc-

tion of preventable patient harm.4–6 The specific aspects of
teamworking that are associated with more effective care
for medical emergencies have not yet been identified.7,8
Eclampsia is a potentially catastrophic obstetric emergency,9,10 and its effective management requires maternity
teams to perform several clinical tasks expeditiously. These
include immediate life support and the administration of
magnesium sulfate, for seizure control and secondary prevention.11–13 The administration of magnesium sulfate in
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this context is associated with a significant reduction in
serious maternal and perinatal morbidity and mortality.13
Using an analysis of simulated eclampsia as a model for
the management of obstetric emergencies, it has been
shown that some teams are significantly more efficient than
others, and are therefore better able to perform key actions
in a timely manner.14 It has also been demonstrated that
the difference in team efficiency is not explained by differences in the knowledge, skills and attitudes (KSA) of individual team members,14 but is instead defined by their
generic teamwork scores.15
Whereas generic teamwork scores (Appendix S1) are useful for research, they do not aid learning. If the specific
behaviours of more effective teams could be identified
through research, the information could be useful to evidence-based training programmes. The purpose of this
study was to explore the relationships between team performance and team behaviours, including leadership, communication and task allocation.

Methods
This study was a cross-sectional secondary analysis of preintervention data from a randomised controlled trial of
training for obstetric emergencies (Simulation & Fire-drill
Evaluation, SaFE, study).16 SaFE was a portfolio of studies
commissioned by the Department of Health for England
and Wales. The methodology has been described in detail
elsewhere.17
Participants were recruited to the study in 2004–05, from
six secondary and tertiary maternity units in South-West
England.17 Twenty-four participants were randomly
selected from staff lists of each unit, and then allocated to
one of four simulation teams. The individual teams were
made up of staff from one unit, and each team comprised
one senior doctor, one junior doctor, two senior midwives
and two junior midwives. Members of staff were excluded
if they had attended a nationally accredited obstetric emergency course within the last 12 months, had participated in
a pilot study or were on leave. This study is limited to evaluations undertaken before the teams entered a training
programme, so as to test the prevailing range of teamworking. The sample size had been pre-determined for the
full factorial intervention trial, and not for this secondary
analysis.
Teams were recorded within their own unit managing a
simulated obstetric emergency (eclampsia) with a standardised scenario that included a patient-actor. Audiovisual
equipment was installed in a labour room in each unit
for simulations to be recorded. Team members wore a
coloured sash to indicate their profession and seniority.
The team members were not told of the nature of the
scenario before entering the room. A team leader was not
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appointed by the research co-coordinators. A designated
named midwife from the team was briefed alone in the
room about a woman with pre-eclampsia in labour just
before the simulation started (representing a normal
clinical handover). A patient-actor was instructed to have a
seizure for about 1 minute, starting 60 seconds from the
end of the first handover. To maintain anonymity and
confidentiality, no personal identifying information was
recorded other than the audiovisual records that were
stored safely as electronic files in a locked and passwordprotected research computer.
Success in obtaining, preparing and administering magnesium sulfate was regarded as the most important observable intervention, as the simulations were conducted at a
time when the results of the Magpie Trial were widely
known,18 and the use of magnesium sulfate for both severe
pre-eclampsia and eclampsia was strongly advocated.13
The time interval to the administration of magnesium
sulfate was recorded, but was censored when the drill was
stopped, after 600 seconds (10 minutes) from handover, or
earlier if the team began to transfer the patient to the
operating room (because there was no facility to continue
to record the simulation outside of the delivery room).
A clinical efficiency score (CES) for the administration
of magnesium sulfate was formulated and validated
(Appendix S2).14
A list of specific observable and measurable aspects of
teamworking, for content analysis of the SaFE study video
records, was created.

Step 1
A literature review of teamworking was conducted on
24 June 2009. We searched Medline, Embase, ISI Web, the
Cochrane Database of Systematic Reviews, the Cochrane
Control Register of Controlled Trials (CENTRAL), the
Database of Abstracts of Reviews and Effects (DARE), the
ACP Journal Club, National Guidelines Clearing House,
Cochrane Methodology Register, EBM Reviews—Health
Technology Assessment, EBM Reviews—NHS Economic
Evaluation Database, Trip and Ovid databases, including
in-process and other non-indexed citations, using medical
subject headings (MeSHs) and free terms (teamwork, leadership, emergencies, team training, teamworking and team
simulation). In the final list (Table 1), we only included
factors that had been derived from evaluation studies, and
excluded studies with self-assessment by participants alone.
None of the studies found addressed clinical outcome.

Step 2
A multiprofessional steering group (two language and
communication researchers, one clinical research psychologist, two obstetricians, one research midwife and one statistician) met to discuss and transform the initial list to
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Table 1. Literature-derived teamwork behaviours, from studies with evaluation of training
Teamwork behaviours

References

Leadership
Leadership qualities
• Declare command
• Confident posture
• Confident voice
• Handover command when necessary
• Respond positively to challenges
• Praise completed actions
Team and task delegation
• Check role, responsibility and ability for every individual
• Allocate tasks
• Use all available resources and data
• Prioritise tasks
Situational awareness
• Gather information from handover: ask for briefing, including the status of patient; respond
appropriately to changes in the patient’s status via reallocation of team resources
• Identify mistakes and lapses in other team members actions and address constructively
• Manipulate environment to ensure data visibility
• Assess progress towards goal: percentage of actions that the leader cross-checked to see if completed
• Helicopter factor: avoid distraction or performing menial tasks
Decision making
• Identify options
• Ask for relevant information from team members before decision
• Balance risks and make appropriate provisional diagnosis and decision
• Re-evaluate decision
Team communication
Using SBAR statement to handover
• Situation
• Background
• Assessment
• Recommendation
Call-outs (critical actions or information communicated loudly)
Quality of messages (closed-loop communication, check-back)
• Clear
• Directed
• Acknowledged
• Acted upon
Team member behaviors
Challenge errors
Back up behaviour: task assistance/mutual support when needed

create a practical assessment tool for content analysis of
the SaFE study video records. We initially grouped teamwork behaviours under three headings: leadership, team
communication and team-member behaviour. The steering
group members agreed that several factors derived from
aviation were not relevant to clinical teams. Others related
to elective teamworking were not applicable to the ad hoc
management of critical emergencies. The list was revised
accordingly to include relevant teamwork behaviours alone.
These were simply listed as individual factors: it was
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20,56,57

20,58–63

20,58,62,64–66

20,58,65–67

68,69

68,70,71
8,44

68
8

agreed that the initial group headings were potentially
restricting.

Step 3
To determine which factors were observable and measurable
in the available material, three video records were
transcribed by a language & communication specialist (KB).
One clinician (DS) and three social scientists (HH, JA and
KB) reviewed the three transcripts and the corresponding
video records, as well as a further three post-training video
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records. Based on the findings the teamwork list was refined
at a meeting of the steering group.

Step 4
The list was converted into a practical assessment grid that
contained the teamwork behaviours agreed as suitable in
step 3. The grid contained instructions on when to record
event-based items as observed or not, and how to score
generic behaviours. There was also free space for additional
comments and observations. Two researchers, a clinician
(DS) and a language and communication specialist (KB),
viewed the audio-visual records independently using the
analytical grid. At the end of the independent analyses they
approached the videos again together. Table 2 describes
how each teamwork behaviour included in the grid was
assigned a score, and presents the system for addressing
any differences between the two assessors that had been
agreed in advance by the steering group.

Step 5
As proof of construct validity, we tested for correlation
between our specific teamwork scores contained in the grid
and the generic teamwork scores of the teams using a validated tool.19 For generic teamworking (skills, behaviour
and overall), the teams were scored by two trained external
assessors (a doctor and a midwife) working independently,
using a Likert scale (from 1, worst, to 5, best; Appendix S1).19 The assessors viewed the digital video recordings
in different sequences randomly generated by computer,
blinded to the site, timing and type of training. If the
scores were discordant, a third independent assessor
(a doctor) scored the team, and the average of the scores
was calculated and rounded to the nearest integer.17 There
were statistically significant relationships between the scores
for specific teamwork behaviours contained in our grid and
the Weller generic teamwork scores (Table 3).19
Because of the ordinal nature of most of the variables,
non-parametric statistical methods (Kendall’s rank correlation coefficient sb, Mann–Whitney U-test and Kruskal–
Wallis one-way analysis of variance by rank) were used
throughout. For correlations involving ‘time to state
(recognise and verbally declare) the emergency’, intervals
that were censored at the end of drill-time (n = 2) were
included but given the maximum statistical rank.
The statistical package stata was used for analysis
(stata/ic v11.1 for windows; StataCorp LP, College Station,
TX USA), but sas v9.1 ‘proc FREQ’ (SAS Inst. Inc., Cary,
NC, USA) was used to calculate asymptotic 95% confidence
intervals for Kendall’s sb. The sample size was insufficient for
multivariate analyses.
Ethical approval was granted from a Regional Research
Ethics Committee (South-West Devon MREC 04/Q2103/
68). Further approval to extend the analysis was granted
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from the Local Research Ethics Committee (Southmead
REC 09/H0102/40).

Results
Although 24 teams had undertaken a pre-training evaluation, one simulation was not recorded because of a fault in
the recording equipment, and four teams were incomplete
because of non-attendance (five members instead of six).
To ensure consistency and reliable assessment of efficiency,
we report only on the 19 complete teams with a full audiovisual record. A flowchart and descriptive data have been
published previously.17
Twelve teams administered magnesium sulfate within the
allocated time for the drill (10 minutes), and seven did
not. The median handover-to-administration time was
415 seconds (IQR from 337 to >524 seconds). The quickest
time to administration was 247 seconds, but the least efficient team had not even discussed the need for magnesium
sulfate by the end of 10 minutes time limit. In all but one
of the drills the senior doctor was seen to be the main leader, but qualitative observation of the video records
showed a lack of explicit declaration of leadership in all of
the drills. There was also no clear transfer of command at
any points. One team did not call the senior doctor to help
them, even though they were all available on request outside the simulation room. The junior doctor remained leader of the team until the end of the drill period. That team
did not prepare magnesium sulfate for administration
within the allocated drill time (10 minutes). Another observation was that it was not possible to assess confidence or
stress of individuals reliably without interviewing the subjects (not allowed by the terms of the ethical approval), as
there were no unambiguous external cues. There were very
few observable instances of supportive behaviour or language. There were no observable teamwork behaviours in
the videos other than those listed in Table 2. Detailed
descriptive data are shown in Table 4.
Two teams did not state the nature of the emergency
during the drill. Teams that were more efficient in administering magnesium sulfate were more likely to have stated
the emergency using specific unambiguous terminology
(eclampsia, fit, convulsion or seizure) earlier (sb = )0.53,
95% CI from )0.74 to )0.32, P = 0.004), and to have
managed the critical task using closed-loop communication
(sb = 0.46, 95% CI 0.17–0.74, P = 0.022).
Visual inspection of the data (Figure 1) suggested possible relationships between the CES and: (1) the use of an
SBAR style of communication (situation, background,
assessment and recommendation) during the handover to
the senior doctor; (2) the number of exits from the labour
room (while the emergency was taking place); and (3)
having a leader with a higher global situational awareness
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Table 2. List of observable and measurable teamwork behaviours
Specific teamwork
behaviours
Leadership style

Team coordination

Situational awareness

Notes

1. Directive: takes over and gives
instructions, all further decisions
made by him/her
2. Guiding : evaluates first then only
supports previous/junior leader,
and confirms their decisions
3. Mixed: gives some direct
instructions but also evaluates
and confirms others
3. Observational: no direction or
guidance to previous leader
(junior doctor, senior midwife or
other)
• Proxy: number of instances where
a team member exited the room
• Also captured with global
situational awareness and task
allocation scores below
a. Distraction score

b. Global situational awareness

Decision making

Using SBAR statement
to handover
1. Situation
2. Background
3. Assessment
4. Recommendation

Overlapped with handover and task
allocation; it was decided to drop
it from the list of factors
There were at least two handover
opportunities within each drill: one
within the team before the senior
doctor arrived (usually by the junior
midwife to the rest of the team)
and one from the team to the
senior doctor

Stating the emergency

Task allocation with
closed-loop
communication
1. Task Delegated/questioned
(‘call-out’)

600

Critical task: as obtaining, preparing
and administering the magnesium
sulfate was the single most
important clinical action, the score
was calculated for this task
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Scoring system and
assumptions

Method of reaching
final score

Leader assigned one style
(coded 1–4)

Video reviewed again by
both assessors; mixed
style assigned to leaders
with elements of more
than one style

Number of instances (the higher the
number, the worse the score)

Video reviewed;
agreement between the
two assessors

Number of manual tasks performed
by senior doctor (the higher the
number, the worse the score)
3, asks questions to understand the
situation, ensures that all team
members have a clear picture of
the objective, ensures that all team
members have a clear role
2, asks a few questions,
allocates/confirms roles and tasks
for some team members only
1, unclear objective, does not ask
questions, does not ensure
everyone has a role
–

Video reviewed;
agreement between the
two assessors
The two scores were
added and one point
was subtracted for
a minimum of 1 and
a maximum of 5. There
were no cases with
scores of 1 given by one
assessor and 3 by the
other.

Each handover was assigned
5 points for each category
(of the four) covered, plus
one extra point for each item
of information within each
category

Video reviewed;
agreement between
the two assessors

The time was recorded that elapsed
after the first handover until the
emergency was stated as
‘fit/seizure/convulsion’
Each team was assigned a score of
1–4 depending on the number of
elements covered.
‘Good’ scores were 3 or 4.

Video reviewed;
agreement between
the two assessors

–

Video reviewed;
agreement between
the two assessors
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Table 2. (Continued)
Specific teamwork
behaviours

Notes

2. Task accepted/confirmed
(clearly and loudly
for all of team)
3. Task executed
4. Task acknowledged as
completed (clearly and
loudly for all of team;
‘check-back’)
Supportive language/behaviour

Challenge errors and
back-up behaviour

Would require specific event-based
scenarios to elicit and reliably
measure the response of the
teams20,72

Table 3. Construct validity of the teamwork measurement tool:
correlation with validated generic teamwork scores (GTS)19
Teamwork
behaviour

Construct validity

Stating the
emergency
early

Highly significant correlation with
‘skills’ GTS
(sb = )0.56, 95% CI from )0.76 to )0.36,
P = 0.003)

Using SBAR
structure for
handover

Significant correlation with ‘skills’ GTS
(sb = 0.43, 95% CI 0.10–0.76, P = 0.033;
n = 18)

Task allocation
with closed-loop
communication

Significant correlation with ‘overall’ GTS
(sb = 0.41, 95% CI 0.07–0.75, P = 0.047)

Fewer room exits

General correlation with ‘skills’ GTS
(sb = )0.36, 95% CI from )0.65 to )0.07,
P = 0.065)

Global situational
awareness

General correlation with ‘overall’ GTS
(sb = 0.38, 95% CI from )0.01 to 0.78,
P = 0.066)

Instances of
supportive
language

Significant correlation with ‘behaviour’ GTS
(sb = 0.44, 95% CI 0.12–0.76, P = 0.026)

Number of instances where
supportive behaviour (e.g. tap on
the shoulder) or language
(‘perfect’, ‘brilliant’, ‘excellent’ etc.)
were observed
–

Method of reaching
final score

Video reviewed;
agreement between
the two assessors

–

(data not shown). However, these relationships were not statistically significant using Kendall’s rank correlation (all
P > 0.05). Teams that administered magnesium sulfate
within the allocated time (10 minutes, i.e. CES score 4 or 5)
had significantly fewer exits compared with teams who did
not: a median of three exits (IQR 2–5) versus six (IQR 5–6;
P = 0.03, Mann–Whitney U-test). There were no clinically
significant relationships between the CES and: (1) leadership
style (Kruskal–Wallis (one-way analysis of variance by rank)
test, P = 0.54); (2) the number of instances where supportive language was used (sb = 0.01, P > 0.99); or (3) the
number of manual tasks that were performed by the senior
doctor (sb = )0.05, P = 0.82).

Discussion

score. The relationships were similar for the CES and
SBAR-style handover, whether this occurred within
the teams or by the teams to the senior doctors on arrival
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Scoring system and
assumptions

Teams that administered magnesium sulfate more efficiently
demonstrated better handover (stating the emergency earlier
and using an SBAR-like structure) and task allocation.
Given that administration of magnesium sulfate for eclampsia is associated with a reduction in maternal and perinatal
morbidity and mortality,13 these findings suggest that by
improving handover and task allocation skills, the clinical
outcome of obstetric emergencies could be enhanced. There
was no association between clinical efficiency and other
aspects of teamworking that were measurable in this study.
Some leadership and team behaviours could not be tested
as they did not occur or were used infrequently.
One issue was that the sample size was predetermined by
the original SaFE trial, and was not based on a power
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the essential

Yes

No

**IQR, interquartile range.

seconds)

IQR 24–29)

37 seconds (20–557 seconds 26 (11–33;

32.5 seconds (20–37 seconds) 28.5 (21–32)

35.5 seconds (24–80 seconds) 25 (11–33)

or more; IQR** 31–60

0

10 (53%)

5

4

1

score (n)

allocation

good task

25 (24–29; n = 3) 0

23

(median, range)

doctor

score to senior
senior doctor

performed by

Number of tasks
Global
awareness score

situational

0.5 (0–3)

0.5 (0–3)

1.5 (1–2)

1 (0–2)

1

1 (1–12; IQR 3–6) 1 (0–3; IQR 1–5)

3.5 (2–10)

3 (1–11)

8.5 (5–12)

5.5 (4–6)

6

3 (2–5; IQR 2–4)

3.5 (2–5)

3.5 (2–4)

3 (2–4)

3 (2–4)

1

(median, range) (median, range) (median, range)

the room

exits from

Number of

Specific teamwork behaviours
SBAR handover Teams with

46.5 seconds (33–60 seconds) 23.5 (20–27)

(39–524 seconds or more*)

59 seconds

>557 seconds *

(median, range)

administer

drug (Mg)

Time from handover
to stating the emergency

Managed to

*One observation censored at drill end.

Total

from start of drill

less than 6 minutess

5. Administered Mg in

from start of drill

6 minutess or longer

4. Administered Mg but took

administer Mg

3. Prepared but did not

prepare Mg

2. Obtained but did not

1. Did not obtain Mg

efficiency Score

Clinical

Table 4. Descriptive data

0

(median, range)

or language

behaviour

supportive

Instances of

1.5 (0–3)

11 mixed one observational

Five directive two guiding

one observational

1 (0–5; IQR 0–3)

Two directive, three mixed, 0.5 (0–5)

four mixed

One directive, one guiding, 1.5 (0–2)

One directive, one mixed

two mixed

One directive, one guiding, 1.5 (0–4)

One mixed

style

Leadership

Total

19

6

6

2

4

1

of teams

number
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Figure 1. Scatter plot matrix of clinical efficiency scores for the teams
(relating to the administration of magnesium sulfate) and selected
teamwork behaviours, indicating a possible association.

calculation specific to this sub-analysis. Although the key
findings are unequivocal, further study is needed to elucidate
the role of behaviours of borderline statistical significance,
and to determine interactions between variables. Another
consideration was teams having been restricted to obstetricians and midwives. The immediate management of most
obstetric emergencies usually involves obstetricians and midwives alone, however, with other professionals such as anaesthetists being summoned later.17 In the eclampsia scenario
written for this study, the patient-actor was instructed to
stop fitting spontaneously by 2 minutes into the drill so that
anaesthetic input was not part of optimal care. In addition to
these issues, we were only able to test factors that were observable and measurable in the SaFE study simulation recordings. Additional factors may be relevant to the performance
of ad hoc teams; these could be explored in the future with
scenarios that include specific events aiming to elicit specific
teamwork behaviours.20,21 A final point is that we used
records of simulated emergencies rather than records from
real life. However, this would only be a limitation if one considers simulation as a low-fidelity approximation of real life.
It has been shown that simulation, role play and rehearsals
can all be viewed as a variety of naturally occurring data, as
long as they elicit interactions between participants. They
can be more valuable for research and training than would
be expected of mere mimicry.22
The main strength of this study is the use of tools that
were validated with a rigorous process, involving both
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quantitative and qualitative methodology, with experts
from both disciplines. In addition, there was no reliance on
self-assessment by the participants, which lacks objectivity,
particularly for behaviours such as communication.23–27
Outcome measures were event-based clinical actions (e.g.
unambiguously stating the emergency; Table S1), together
with a few externally scored measures of generic team
behaviours (e.g. global situational awareness; Table S1).
Event-based measures can identify teachable skills and
behaviours,24 and inform the development of education
programmes. To ensure generalisable results, it was important that the participants had been selected randomly from
several units across a large health region. It was also critical
that they worked in teams with colleagues from their base
hospitals, and so were familiar with team members and the
clinical environment; future studies could test the degree to
which such familiarity influences team performance.
The study also benefited from matched teams working to a
standardised eclampsia scenario. Overall, the simulation
had a high level of realism in terms of environment, team
composition and scenario content. Finally, the choice of
magnesium sulfate administration as a surrogate marker of
efficiency is supported by the safety literature, as a clinical
action directly linked to improved patient outcome.13,28
Eclampsia is a largely unpredictable obstetric emergency
of rapid onset that is associated with high maternal and
perinatal mortality rates. Optimal care involves a small
number of crucial tasks, including the administration of
magnesium sulfate. The time to administration of magnesium sulfate varies significantly between teams in simulations,17 and represents a measure of the efficiency of the
coordinated response.14 Given that the use of magnesium
for eclampsia is associated with a reduction in maternal
and perinatal morbidity and mortality,13 the time to
administration of magnesium is also a valid surrogate for
patient outcome.
These new findings show that teams that are more efficient differ from those that are less efficient by a small
number of relatively simple behaviours. It is often said that
there is more to a team than the sum of its parts. Teamwork is used to describe the component of clinical performance that is more than the clinical knowledge and skills
of the individual members. It has been shown that this can
result in poor patient outcomes when group members do
not coordinate their actions efficiently.5,10 Despite an
awareness of the importance of teamwork,2,29 reliable
methods to assess and develop team clinical behaviours
have been lacking. ‘Generic’ teamwork taxonomies (Appendix S1) are useful for validation or assessment,19 but they
cannot identify specific teachable behaviours.27 It may be
for these reasons that team training based on principles
adopted directly from aviation failed to make an impact on
obstetric outcomes in a large cluster randomised controlled
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trial.30 Several systematic reviews of team training in
obstetrics,7,31 and other disciplines,8,32,33 have concluded
that aviation-based teamwork training alone has little
impact on real outcomes, as opposed to practical team
training and clinical drills.31,34–36 It follows that assessment
and training methods specific to each service may be
needed.37 It is reassuring that the same observable and
measurable behaviours that made it to our final research
tool correspond closely to the skills that were selected as
suitable for training by more than 70% of respondents in
the final round of a panel of teamwork experts.38 This
study confirmed that specific teamwork behaviours were
linked to crucial clinical actions, potentially making them
more amenable to improvement. Intuitively, it is likely to
be more effective to teach clinicians ‘to ask clearly for magnesium sulfate to be prepared and given’ in the event of a
woman with probable eclampsia, rather than tell them that
they have to ‘synthesise data and formulate a management
plan’.20
We found that with more efficient teams the nature of
the emergency had been unambiguously and clearly
declared early on in the drill: the team arrived quickly to
the correct diagnosis (eclampsia), and someone stated it
clearly and loudly for all to hear (Table S1). In one simulation, the nature of the emergency was never declared, and
that team did not even mention magnesium sulfate
throughout the drill. A benefit of stating the emergency
early has been hypothesised before, but not proven. There
had been indirect evidence from malpractice incidents in
emergency departments that the lack of identification of
the emergency in hand, and thus the appropriate protocol
to follow, was one of the main contributors to clinical
error.39 Our study shows a direct link between stating the
emergency quickly and better team performance.
These data also show a probable benefit of the use of
structured handover for emergencies. SBAR (Table S1) is
one of the communication tools that have been suggested
for improving rapid transmission (‘handover’) of important
clinical information between team members or teams.
A systematic review revealed a paucity of high-quality studies linking the use of handover mnemonics to clinical
behaviour or outcome.40 Although SBAR was not widely
known at the time of the SaFE study (2004), some teams
followed a similar structure, and those teams were also
more efficient. Teaching of emergency care could usefully
include SBAR tools specific to the context, similar to the
perinatal tools available from the Institute for Health
Improvement (IHI).41
Similarly, closed-loop communication has been widely
advocated (task clearly and loudly delegated, accepted, executed and completion acknowledged; Table S1),42,43 but its
impact on the outcome of emergencies has not previously
been shown. A pilot study from our group analysed four

different recorded drills (postpartum haemorrhage), and
found that tasks are more likely to be completed when
directed to specific team members by using their name,
touching them or directly looking at their face.44 This new
study now shows that closed-loop communication for the
critical task of the scenario (in this study, the preparation
and administration of magnesium sulfate) is associated
with better team efficiency. It is interesting that the more
efficient teams tended to have fewer exits from the room
during the simulated emergency, but the nature of this
association is not entirely clear. It may be an indicator of
poor coordination, but it may also be a sign of displacement behaviour related to stress. Further research should
aim to clarify this association and explore further issues
(Table S2).
Teamwork was also not influenced by the style of the
leader in this study. A possible explanation, which agrees
with previous studies, is that the impact of the style of leader may vary with the experience of the team.45 In our
study all the teams contained two experienced midwives,
and their presence has been previously shown to significantly enhance team performance in managing obstetric
emergencies.46 Perhaps the most important way to improve
team effectiveness in managing emergencies, from a leadership viewpoint, is simply to ensure the presence of a senior
doctor. There is evidence that the availability of senior doctors, particularly out of hours, is important, but is often
lacking,47–49 and this may result in poor outcomes.47,50–52
This study focussed on the effect of team behaviours on
measures directly linked to physical outcome. As patient
experience is an important quality measure,53 future
research should also clarify the range of behaviours relating
to team–patient interaction, and their effect on patient
satisfaction and psychological outcome, with both simulation and patient surveys, with validated tools.54,55
For some time, teamwork training for healthcare staff
has been advocated largely on the basis of opinion, and not
on scientific evidence. This study shows it is possible to
analyse team behaviours using a structured process and validated tools. The results show a clear relationship between
clinical performance and defined teamwork behaviours in a
simulated healthcare emergency. Future studies should
determine whether the findings are relevant to real obstetric
emergencies and generalisable to other specialties. There is
an urgent need to understand how best to inculcate beneficial teamwork behaviours into practice, so as to improve
clinical outcomes.

604

BJOG An International Journal of Obstetrics and Gynaecology ª 2011 RCOG

ª 2011 The Authors

Disclosure of interests
All authors have completed a Unified Competing Interest
form at www.icmje.org/coi_disclosure.pdf (available on
request from the corresponding author) and declare that:
(1) JFC received funding from the Department of Health,

Team behaviours and clinical efficiency

and DS, KB, JA and HH were funded from the North Bristol Small Grant Scheme for the submitted work; (2) none
of the other authors owns stock, or hold stock options, in
any obstetric emergency training company; (3) none of the
authors’ spouses, partners or children has any financial
relationships that may be relevant to the submitted work;
and (4) TJD, CW and JFC are members of the steering
committee of PROMPT, a UK-based charity running training courses. They have no financial interest from this association.

Contributions to authorship
All the authors participated in several multiprofessional
meetings to design the study and develop the research
tools. Everyone listed met the ICMJE criteria for authorship. More specifically: DS conceived the idea, designed
and developed the assessment tool, conducted the video
analysis, wrote and edited the article, and was the grant
holder (NBT); KB designed and developed the assessment
tool, conducted the video analysis, and edited the article;
TD was the guarantor of the data, conceived the idea, coordinated the analysis and edited the manuscript; HH, supervised the analysis and edited the article; JA supervised the
analysis and edited the manuscript; JC coordinated the
SaFE study, helped with the conceptual analysis and
approved the article; CW coordinated the SaFE study,
helped with the conceptual analysis and edited the article;
LH provided methodological considerations, conducted the
statistical analysis, wrote parts of the article related to
methods and edited the manuscript; RF contributed to the
methodology, coordinated the analysis, and wrote and edited the article.

Details of ethics approval
This study was conducted in accordance with the Research
Governance Framework for Health and Social Care, and
Good Clinical Practice. Data storage and protection was in
accordance with the research governance framework and
the Data Protection Act. The study hypothesis arose before
inspection of the data. The study protocol was approved by
the ethics committee, the funder and the sponsor. Trial
registration: ISRCT no. 67906788.

Funding
This study is an extension to the SaFE study. The SaFE
study was funded by the Department of Health Patient
Safety Programme. The extension is funded by The North
Bristol Research and Development Small Grant Scheme.
None of the sponsors has been involved in: the study
design; in the collection, analysis and interpretation of data;
in the writing of this article; or in the decision to submit
for publication. The authors are independent from the
funding bodies.

ª 2011 The Authors

Acknowledgements
The authors thank the following individuals for their contributions to the SaFE Study: Christine Bartlett, Karen
Cloud, Maureen Harris, Sarah Fitzpatrick, Derek Tuffnell,
Bryony Strachan, Stephanie Withers, Valentine Akande,
Fiona Donald, Imogen Montague, Penny Watson, Anne
McCrum, Sarah Read, Heather Smart, Melanie Robson,
Katie Harrison, Neil Liversedge, Joanne Crocker and Simon
Grant.

Supporting information
The following supplementary materials are available for this
article:
Table S1. Significant teachable behaviours.
Table S2. Teamwork behaviours that require further
exploration.
Appendix S1. Generic teamwork scores.
Appendix S2. Clinical efficiency scores.
Additional Supporting Information may be found in the
online version of this article.
Please note: Wiley-Blackwell are not responsible for the
content or functionality of any supporting information
supplied by the authors. Any queries (other than missing
material) should be directed to the corresponding
author. j

References
1 Hanscom R. Medical Simulation from an Insurer’s Perspective. Acad
Emerg Med 2008;15:984–7.
2 Neale G. Clinical analysis of 100 medicolegal cases. BMJ
1993;307:1483–7.
3 White AA, Pichert JW, Bledsoe SH, Irwin C, Entman SS. Cause and
effect analysis of closed claims in obstetrics and gynecology. Obstet
Gynecol 2005;105:1031–8.
4 King’s Fund. Safe Births: Everybody’s Business An Independent
Enquiry into the Safety of Maternity Services in England. London:
King’s Fund, 2008.
5 Sentinel event alert issue 30–July 21, 2004. Preventing infant death
and injury during delivery. Adv Neonatal Care 2004;4:180–1.
6 Bates DW, Larizgoitia I, Prasopa-Plaizier N, Jha AK, on behalf of the
Research Priority Setting Working Group of the W. H. O. World Alliance for Patient Safety. Global priorities for patient safety research.
BMJ 2009;338:1242–3.
7 Merien AE, van de Ven J, Mol BW, Houterman S, Oei SG. Multidisciplinary team training in a simulation setting for acute obstetric
emergencies: a systematic review. Obstet Gynecol 2010;115:
1021–31.
8 Chakraborti C, Boonyasai RT, Wright SM, Kern DE. A systematic
review of teamwork training interventions in medical student and
resident education. J Gen Intern Med 2008;23:846–53.
9 Knight M. Eclampsia in the United Kingdom 2005. BJOG 2007;
114:1072–8.
10 Lewis G. The Confidential Enquiry into Maternal and Child Health
(CEMACH). Saving Mothers’ Lives: Reviewing maternal deaths to
make motherhood safer – 2003–2005. The Seventh Report of the

BJOG An International Journal of Obstetrics and Gynaecology ª 2011 RCOG

605

D Siassakos et al.

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Confidential Enquiries into Maternal Deaths in the United Kingdom.
London: CEMACH, 2007.
Royal College of Obstetricians and Gynaecologists. The Management
of Severe Pre-Eclampsia/Eclampsia. Guideline No. 10(A). London:
RCOG Press, 2006 March.
ACOG practice bulletin. Diagnosis and management of preeclampsia
and eclampsia. Number 33, January 2002. Obstet Gynecol
2002;99:159–67.
Duley L, Henderson-Smart DJ, Chou D. Magnesium sulphate versus
phenytoin for eclampsia. Cochrane Database Syst Rev 2010; Issue 6:
CD000128.
Siassakos D, Draycott T, Crofts J, Hunt L, Winter C, Fox R. More to
teamwork than knowledge, skill and attitude. BJOG 2010;117:
1262–9.
Siassakos D, Draycott T, Crofts J, Hunt L, Winter C, Fox R. The management of a simulated emergency: better teamwork, better performance. Resuscitation 2010; DOI: 10.1016/j.resuscitation.2010.10.
029. Dec 6. [Epub ahead of print].
Strachan B, Crofts J, James M, Akande V, Hunt L, Ellis D, et al.
Proof of principle study of the effect of individual and team drill
on the ability of labour ward staff to manage acute obstetric
emergencies. Edgbaston, Birmingham: PSRP, Department of Health,
Public Health, Epidemiology & Biostatistics, University of Birmingham, 2008.
Ellis D, Crofts JF, Hunt LP, Read M, Fox R, James M. Hospital, simulation center, and teamwork training for eclampsia management: a
randomized controlled trial. Obstet Gynecol 2008;111:723–31.
Altman D, Carroli G, Duley L, Farrell B, Moodley J, Neilson J, et al.
Do women with pre-eclampsia, and their babies, benefit from magnesium sulphate? The Magpie Trial: a randomised placebo-controlled
trial. Lancet 2002;359:1877–90.
Weller JM, Bloch M, Young S, Maze M, Oyesola S, Wyner J, et al.
Evaluation of high fidelity patient simulator in assessment of performance of anaesthetists. Br J Anaesth 2003;90:43–7.
Rosen MA, Salas E, Wu TS, Silvestri S, Lazzara EH, Lyons R, et al.
Promoting teamwork: an event-based approach to simulation-based
teamwork training for emergency medicine residents. Acad Emerg
Med 2008;15:1190–8.
Beaubien JM, Baker DP. The use of simulation for training teamwork
skills in health care: how low can you go? Qual Saf Health Care
2004;13:I51–6.
Seale C, Butler CC, Hutchby I, Kinnersley P, Rollnick S. Negotiating
frame ambiguity: a study of simulated encounters in medical education. Commun Med 2007;4:177–87.
Weller JM, Robinson BJ, Jolly B, Watterson LM, Joseph M, Bajenov
S, et al. Psychometric characteristics of simulation-based assessment
in anaesthesia and accuracy of self-assessed scores. Anaesthesia
2005;60:245–50.
Shapiro MJ, Gardner R, Godwin SA, Jay GD, Lindquist DG, Salisbury
ML, et al. Defining team performance for simulation-based training:
methodology, metrics, and opportunities for emergency medicine.
Acad Emerg Med 2008;15:1088–97.
Paige JT, Aaron DL, Yang T, Howell DS, Hilton CW, Cohn I. Jr, et al.
Implementation of a preoperative briefing protocol improves accuracy of teamwork assessment in the operating room. Am Surg
2008;74:817–23.
Moorthy K, Munz Y, Adams S, Pandey V, Darzi A, Hospital ICSM.
Self-assessment of performance among surgical trainees during simulated procedures in a simulated operating theater. Am J Surg
2006;192:114–8.
Morgan PJ, Pittini R, Regehr G, Marrs C, Haley MF. Evaluating teamwork in a simulated obstetric environment. Anesthesiology
2007;106:907–15.

606

ª 2011 The Authors

28 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.
29 Festa MS. Clinical leadership in hospital care: leadership and teamwork skills are as important as clinical management skills. BMJ
2005;331:161–2.
30 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: a randomized controlled trial. Obstet
Gynecol 2007;109:48–55.
31 Siassakos D, Crofts JF, Winter C, Weiner CP, Draycott TJ. The active
components of effective training in obstetric emergencies. BJOG
2009;116:1028–32.
32 Salas E, Wilson KA, Burke CS, Wightman DC. Does crew resource
management training work? An update, an extension, and some
critical needs. Hum Factors 2006;48:392–412.
33 Salas E, DiazGranados D, Klein C, Burke CS, Stagl KC, Goodwin GF,
et al. Does team training improve team performance? A meta-analysis Hum Factors 2008;50:903–33.
34 Siassakos D, Hasafa Z, Sibanda T, Fox R, Donald F, Winter C, et al.
Retrospective cohort study of diagnosis-delivery interval with umbilical cord prolapse: the effect of team training. BJOG 2009;116:
1089–96.
35 Draycott T, Crofts JF, Ash JP, Wilson LV, Yard E, Sibanda T, et al.
Improving neonatal outcome through practical shoulder dystocia
training. Obstet Gynecol 2008;112:14–20.
36 Draycott T, Sibanda T, Owen L, Akande V, Winter C, Reading S,
et al. Does training in obstetric emergencies improve neonatal outcome? BJOG 2006;113:177–82.
37 Baker DP, Salas E, King H, Battles J, Barach P. The role of teamwork
in the professional education of physicians: current status and
assessment recommendations. Jt Comm J Qual Patient Saf 2005;31:
185–202.
38 Clay-Williams R, Braithwaite J. Determination of health-care teamwork training competencies: a Delphi study. Int J Qual Health Care
2009;21:433–40.
39 Risser DT, Rice MM, Salisbury ML, Simon R, Jay GD, Berns SD.
The potential for improved teamwork to reduce medical errors in
the emergency department. The MedTeams Research Consortium.
Ann Emerg Med 1999;34:373–83.
40 Riesenberg LA, Leitzsch J, Little BW. Systematic review of handoff
mnemonics literature. Am J Med Qual 2009;24:196–204.
41 Institute for Health Improvement. Perinatal SBAR Tools. 2010.
[cited 2010 June]; Available from: www.ihi.org/IHI/Topics/
PerinatalCare/PerinatalCareGeneral/EmergingContent/PerinatalSBARTools.htm.
42 Salas E, Wilson KA, Murphy CE, King H, Salisbury M. Communicating, coordinating, and cooperating when lives depend on it: tips for
teamwork. Jt Comm J Qual Patient Saf 2008;34:333–41.
43 Mann S, Pratt SD. Team approach to care in labor and delivery. Clin
Obstet Gynecol 2008;51:666–79.
44 Siassakos D, Draycott T, Montague I, Harris M. Content analysis of
team communication in an obstetric emergency scenario. J Obstet
Gynaecol 2009;29:499–503.
45 Yun S, Faraj S, Sims HP Jr. Contingent leadership and effectiveness of trauma resuscitation teams. J Appl Psychol 2005;90:1288–
96.
46 Maslovitz SMD, Barkai GMD, Lessing JBMD, Ziv AMD, Many AMD.
Recurrent obstetric management mistakes identified by simulation.
Obstet Gynecol 2007;109:1295–300.
47 Olsen S, Neale G. Clinical leadership in the provision of hospital care.
BMJ 2005;330:1219–20.

BJOG An International Journal of Obstetrics and Gynaecology ª 2011 RCOG

Team behaviours and clinical efficiency

48 Thomas EJ, Sexton JB, Neilands TB, Frankel A, Helmreich RL. The
effect of executive walk rounds on nurse safety climate attitudes: a
randomized trial of clinical units[ISRCTN85147255] [corrected]. BMC
Health Serv Res 2005;5:28.
49 Siassakos D, Fox R, Hunt L, Farey J, Laxton C, Winter C, et al.
Attitudes toward safety and teamwork in a maternity unit with
embedded team training. Am J Med Qual 2010; DOI: 10.1177/
1062860610373379. Oct 8. [Epub ahead of print].
50 de Graaf JP, Ravelli AC, Visser GH, Hukkelhoven C, Tong WH, Bonsel GJ, et al. Increased adverse perinatal outcome of hospital delivery
at night. BJOG 2010;117:1098–107.
51 Cullinane M, Findlay G, Hargraves C, Lucas S. An acute problem?
A report of the National Confidential Enquiry into Patient Outcome
and Death. London: NCEPOD, 2005.
52 Pasupathy D, Wood AM, Pell JP, Fleming M, Smith GCS. Time of
birth and risk of neonatal death at term: retrospective cohort study.
BMJ 2010;341:C3498.
53 Draycott T, Sibanda T, Laxton C, Winter C, Mahmood T, Fox R. Quality improvement demands quality measurement. BJOG 2010;117:
1571–4.
54 Siassakos D, Draycott T, O’Brien K, Kenyon C, Bartlett C, Fox R.
Exploratory randomized controlled trial of hybrid obstetric simulation
training for undergraduate students. Simul Healthc 2010;5:193–8.
55 Siassakos D, Clark J, Sibanda T, Attilakos G, Jefferys A, Cullen L,
et al. A simple tool to measure patient perceptions of operative
birth. BJOG 2009;116:1755–61.
56 Daniels K, Lipman S, Harney K, Arafeh J, Druzin M. Use of simulation based team training for obstetric crises in resident education.
Simul Healthc 2008;3:154–60.
57 Kimble CE, Seidel SD. Vocal signs of confidence. J Nonverbal Behav
1991;15:99–105.
58 Fletcher G, Flin R, McGeorge P, Glavin R, Maran N, Patey R. Anaesthetists’ non-technical skills (ANTS): evaluation of a behavioural marker system. Br J Anaesth 2003;90:580–8.
59 Rothrock L, Cohen A, Yin J, Thiruvengada H, Nahum-Shani I. Analyses of team performance in a dynamic task environment. Appl Ergon
2009;40:699–706.
60 France DJ, Leming-Lee S, Jackson T, Feistritzer NR, Higgins MS. An
observational analysis of surgical team compliance with perioperative
safety practices after crew resource management training. Am J
Surg 2008;195:546–53.

ª 2011 The Authors

61 Morey JC, Simon R, Jay GD, Wears RL, Salisbury M, Dukes KA, et al.
Error reduction and performance improvement in the emergency
department through formal teamwork training: evaluation results of
the MedTeams project. Health Serv Res 2002;37:1553–81.
62 Catchpole K, Mishra A, Handa A, McCulloch P. Teamwork and error
in the operating room: analysis of skills and roles. Ann Surg
2008;247:699–706.
63 DeVita MA, Schaefer J, Lutz J, Wang H, Dongilli T. Improving medical emergency team (MET) performance using a novel curriculum
and a computerized human patient simulator. Qual Saf Health Care
2005;14:326–31.
64 Mishra A, Catchpole K, Dale T, McCulloch P. The influence of nontechnical performance on technical outcome in laparoscopic cholecystectomy. EcoHealth 2008;22:68–73.
65 Muller MP, Hansel M, Stehr SN, Fichtner A, Weber S, Hardt F, et al.
Six steps from head to hand: a simulator based transfer oriented
psychological training to improve patient safety. Resuscitation
2007;73:137–43.
66 Flin R, Yule S, Paterson-Brown S, Maran N, Rowley D, Youngson G.
Teaching surgeons about non-technical skills. Surgeon 2007;5:86–9.
67 Undre S, Koutantji M, Sevdalis N, Gautama S, Selvapatt N, Williams
S, et al. Multidisciplinary crisis simulations: the way forward for
training surgical teams. World J Surg 2007;31:1843–53.
68 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 Gynecol 2009;200:492–
e1.
69 Velji K, Baker GR, Fancott C, Andreoli A, Boaro N, Tardif G, et al.
Effectiveness of an adapted SBAR communication tool for a rehabilitation setting. Healthc Q 2008;11(3 Spec No.):72–9.
70 Cziraki K, Lucas J, Rogers T, Page L, Zimmerman R, Hauer LA, et al.
Communication and relationship skills for rapid response teams at
hamilton health sciences. Healthc Q 2008;11(3 Spec No.):66–71.
71 Shapiro MJ, Morey JC, Small SD, Langford V, Kaylor CJ, Jagminas L,
et al. Simulation based teamwork training for emergency department staff: does it improve clinical team performance when added
to an existing didactic teamwork curriculum? Qual Saf Health Care
2004;13:417–21.
72 Fowlkes JE, Salas E, Baker DP, Cannon-Bowers JA, Stout RJ. The utility of event-based knowledge elicitation. Hum Factors 2000;42:24–
35.

BJOG An International Journal of Obstetrics and Gynaecology ª 2011 RCOG

607

