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a b s t r a c t

Objectives: To determine whether team performance in a simulated emergency is related to generic
teamwork skills and behaviours.
Methods: Design – Cross-sectional analysis of data from the Simulation and Fire-drill Evaluation (SaFE)
randomised controlled trial. Setting – Six secondary and tertiary Maternity Units in Southwest England.
Participants – 140 healthcare professionals, in 24 teams. Assessment – Blinded analysis of recorded sim-
ulations. Main outcome measures – Correlation of team performance (efficiency conducting key clinical
actions, including the administration of an essential drug, magnesium), and generic teamwork scores
(using a validated tool that assesses skills and behaviours, by Weller et al.).
Results: There was significant positive correlation between clinical efficiency and teamwork scores across
all three dimensions; skills (Kendall’s taub = 0.54, p < 0.001), behaviours (taub = 0.41, p = 0.001), and over-
all score (taub = 0.51, p < 0.001). Better teams administered the essential drug 2½ min more quickly
(Mann–Whitney U, p < 0.001).
Conclusions: The clinical conduct of a simulated emergency was strongly linked to generic measures of
imulation
bstetric labour complications
clampsia
re-eclampsia
agnesium sulfate

eam behaviour
eam training

teamwork. Further studies are needed to elucidate which aspects of team working are critical for team
performance, to better inform training programs for multi-professional team working.

© 2010 Elsevier Ireland Ltd. All rights reserved.
ultiprofessional team

. Introduction

Medical emergencies can have devastating consequences. In
aternity, poor team co-ordination during the management of

mergencies results in worse outcomes for mothers or their
abies,1–3 patient dissatisfaction, complaints and litigation.4
Eclampsia is a potentially catastrophic medical emergency2,5

here a patient collapses, and its effective management requires
edical teams to perform several tasks expeditiously. These

nclude immediate life support including placement in the recovery

� A Spanish translated version of the abstract of this article appears as Appendix
n the final online version at doi:10.1016/j.resuscitation.2010.10.029.
�� Trial registration ISRCT number: 67906788 (www.isrctn.org).
∗ Corresponding author. Tel.: +44 7930624894; fax: +44 1179683464.

E-mail address: jsiasakos@googlemail.com (D. Siassakos).

300-9572/$ – see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.resuscitation.2010.10.029
position, administration of oxygen, and sampling of venous blood,
as well as the administration of an essential drug, magnesium
sulfate, for seizure control and prevention.6–8 Magnesium admin-
istration in this context is associated with a significant reduction in
serious maternal morbidity, perinatal morbidity, and mortality; it
is thus an ideal surrogate measure for clinical outcome.8

Not all teams are effective or efficient in performing these cru-
cial clinical actions, even after training.9 We have demonstrated
that conventional measures of the knowledge, skills and attitudes
of individual team members do not predict the variation in team
performance.10 It seems that other characteristics make some
teams more efficient. Difference in teamwork, the way the mem-

bers of the team interact and put their skills to practice, is one
possible explanation.

The aim of this study was to explore the relationship between
generic teamwork scores and performance of emergency teams
in simulation, using simulated eclampsia as an exemplar medical

dx.doi.org/10.1016/j.resuscitation.2010.10.029
http://www.sciencedirect.com/science/journal/03009572
http://www.elsevier.com/locate/resuscitation
http://dx.doi.org/10.1016/j.resuscitation.2010.10.029
http://www.isrctn.org/
mailto:jsiasakos@googlemail.com
dx.doi.org/10.1016/j.resuscitation.2010.10.029
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Table 1
Clinical efficiency score.

1 Did not obtain magnesium sulfate (Mg)
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2 Obtained but did not prepare Mg
3 Prepared but did not administer Mg
4 Administered Mg but ≥ 6 min from start of drill
5 Administered Mg < 6 min from start of drill

mergency.

. Materials and methods

This is a cross-sectional analysis of data from a large
andomised-controlled trial of training for obstetric emergencies
Simulation and Fire-drill Evaluation [SaFE]).11 The methodology
f the main study has been described in detail elsewhere.9 In brief,
articipants were recruited to the study in 2004–5, from six Mater-
ity Units in the Southwest of England. Participants were randomly
elected from staff lists and then randomly allocated to one of four
eams from each unit, to make a total of 24 simulation teams. The
ndividual teams comprised of two doctors and four hospital mid-

ives, except three teams that lacked one team member.
A previous study from our group focussed on the effect of train-

ng, with a before–after design.9 In this study, the cross-sectional
esign aimed at finding the active ingredients of effective teams,
egardless of their training status.

Teams were evaluated for their ability to manage simulated

clampsia with a standardised clinical scenario, before and after
eam training.9 The patient–actor was instructed to have a seizure
or 1 min, starting 60 s from the end of the handover. The drill was
erminated after a period of 10 min from the end of the handover,
r earlier if the team began to transfer the patient to the operat-

able 2
istribution of number of teams across teamwork (GTS) and clinical efficiency scores (CE
ach box is indicative of correlation between the two variables.

Pre-training Post-training

Clinical efficiency score (magnesium)

1 2 3 4 5 1 2

Skill
1 | 1 2
2 | 1 2 1
3 | 2 2 2 2
4 | 1 4 3 1
5 |
Behaviour
1 | 2
2 | 1 1 1 1
3 | 1 1 5 3
4 | 1 2 2 1 1
5 | 1

Overall
1 | 1 3
2 | 1 1 2 1
3 | 1 6 3 1
4 | 2 2
5 |
Comments A previous st

has shown
significant
improvemen
teamwork (G
scores after
training9
ion 82 (2011) 203–206

ing room, because there was no facility to continue to record the
simulation outside the delivery room. The team members were not
aware of which team they would be in, nor of the nature of the
simulation before it started.

Using video recordings of the simulations, the teams were
assessed, with Likert scales (1 worst, 5 best), for their generic
team working using a teamwork analytical tool developed and val-
idated by Weller et al. (Appendix 1).12 All the evaluations were
undertaken by two trained external assessors (a doctor and a mid-
wife), working independently, who viewed the digital recordings
in different sequences randomly generated by computer, blind to
the timing and type of training. If there had been discordance, a
third independent assessor scored the team(s). The final score for
each team was an average of the scores, calculated to the nearest
integer.9

The timing of key events and clinical actions was recorded for
each team. After the end of the primary study, an ordinal clinical
efficiency score, based on the time to administration of magne-
sium sulfate, was formulated and its face and construct validity
was established.10 The teams were ranked, using the clinical effi-
ciency score, by two different researchers, a clinician (DS) and a
statistician (LH) (Table 1).

Given these measures tended to improve with training, we com-
bined before- and after-training assessments together to give a
wider range of scores for statistical analysis (n = 47). We tested for
correlation between the generic teamwork scores (GTSs) and the
team magnesium-based clinical efficiency scores. We also tested

for correlation between GTS and the time taken to perform three
key clinical tasks; turning the woman into the recovery position,
administration of O2, and venous blood sampling. The timings to
perform these tasks were the ones shown to discriminate best
between efficient and less efficient teams, as well as most sensitive

Ss); concentration of observations around the top-left to bottom-right diagonal in

Pre and post

3 4 5 1 2 3 4 5

1 2
1 2 1

1 1 2 3 3 2
6 6 1 1 10 9
1 8 1 8

2
1 1 1 1

1 1 2 5 3
5 7 2 2 7 8
3 7 3 8

1 3
1 1 2 1

1 1 2 7 4
1 7 7 3 7 9

6 6

udy

t in
TS)

What is added by
this paper is that
teamwork (GTS)
scores correlate
with teams’ clinical
efficiency (CES)
scores – regardless
of training status
(pre/post-training)
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Table 3
Comparison of team performance (efficiency in conduct of key clinical actions) between better (generic teamwork scores ≥4 out of 5 in all three dimensions) and worse teams.

Measure of team performance Better teams median time in seconds (IQR) Worse teams median time in seconds (IQR) p-Value
(Mann–Whitney
U-test)

Administering magnesium 331* (272–386) 480.5** (367.5–>508) p < 0.001
Turning the woman into recovery position 24 (13–46) 41.5* (29–58) 0.023
Administering oxygen 28 (24–50) 54* (40–73.5) 0.005
Sampling venous blood 128 (115–150) 159.5* (129.5–197) 0.006
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Number of teams n = 23 (3 pre-training, 20 post-

and ** indicate the inclusion of 1 and 10 participants, respectively, who had not p
hese were assigned the greatest rank.

o intervention (practical team training).9

Non-parametric Kendall rank correlation coefficients were used
o assess correlation because of the ordinal nature of the scores.
hese, however, regarded pairs of results from the same team
before and after training) as being independent. We were not inter-
sted in this study in the effect of training, but in what explains
ariation in team performance, before or after training, as a realistic
eflection of everyday practice.

Therefore, we also categorised the individual team assessments
ith respect to teamwork performance overall; teamwork scores
4 out of 5 in all three GTS dimensions were categorised as better

n = 23; 3 pre-training, 20 post-training) and the remainder cate-
orised as worse (n = 24; 20 pre-training, 4 post-training).

We then calculated median time to administer magnesium for
ach group. The time intervals were censored when the drill was
topped, at 600 s (10 min) from handover. Eleven assessments were
ensored in this way; one of 23 with better GTS scores, and ten of
4 with worse GTS scores. Time intervals were compared with the
ann–Whitney U test.
Statistical analysis used the STATA software v11.0 (STATACorp,

ollege Station, TX, USA). Ethical approval was granted from a
egional Research Ethics Committee (SOUTHWEST DEVON MREC
4/Q2103/68).

. Results

Twenty-four teams had undertaken the pre-training evaluation;
ne simulation was not recorded because of a fault in recording
quipment. We report results for 23 teams pre-training, and 24
ost-training. A flow diagram and descriptive data for the partici-
ants have been published.9,10

Inter-rater agreement for the GTSs was moderate (kappa = 0.44).
cores by the two reviewers were identical for 27 of 47 assessments
nd only differed by more than one point on the Likert scale for two
ssessments in the global teamwork scale.

There was strong, highly significant correlation between clini-
al efficiency score (magnesium administration) and the GTSs for
ll three dimensions; team skills score (taub = 0.54, p < 0.001), team
ehaviour score (taub = 0.41, p = 0.001), and the overall teamwork
core (taub = 0.51, p < 0.001). Table 2 shows the relevant distribution
f scores.

There was a significant negative correlation between the
ime taken to perform all of the three key clinical actions
nd teamwork skills scores (recovery position: taub = −0.29,
= 0.012; O2 administration: taub = −0.39, p < 0.001; blood sam-
ling: taub = −0.35, p = 0.002). There were similar correlations
ith the overall teamwork score (recovery position: taub = −0.25,

= 0.026; O2 administration: taub = −0.41, p < 0.001; blood sam-
ling: taub = −0.35, p = 0.002). For the teamwork behaviour scores
he correlation was statistically significant for O2 administra-
ion (taub = −0.28, p = 0.014) and blood sampling (taub = −0.35,
= 0.002) but not for recovery position.
g) n = 24 (20 pre-training, 4 post-training)

ed the action by the end of the drill; for the (non-parametric) group comparisons

Table 3 shows the size of the difference between better and worse
teams in efficiency in the conduct of key clinical actions.

4. Discussion

It has been shown that delayed response to medical emergencies
because of poor teamwork is a root cause of a high propor-
tion of adverse outcomes,1–3,13 often leading to high-cost medical
litigation.4 In this study of simulated eclampsia, we found strong
relationships between team performance and generic teamwork
scores as defined by the Weller teamwork tool.12 The results show
that the ability to complete crucial clinical interventions in a timely
way is strongly linked to the ability to work as a coordinated team,
even before training. On average, the better teams administered
magnesium almost 2½ min more quickly than the worse teams
(difference of the medians), and were also more efficient in other
transferrable resuscitation skills.

At the outset, one issue was the predetermined sample size (set
by the original SaFE trial) and so the lack of a power calculation.
Another limitation is that the teams included obstetricians and hos-
pital midwives but not other health care professionals. However,
it should be acknowledged that the initial management of most
obstetric emergencies tends to involve obstetricians and midwives
alone; other professionals are usually summoned afterwards.

The main strength of the study is the use of validated assessment
tools. The study also benefited from blinding of the assessors (to
each other’s scores, to the type of training the teams received, and to
whether the videos had been recorded before or after training). We
did not rely on self-assessment, which is inaccurate, particularly for
human factor skills and behaviours.14–18 Instead we chose a combi-
nation of event-based and behaviour-anchored team performance
metrics, which are considered more accurate and more reliable.15,19

The strength of the study is underpinned by the inclusion of clinical
teams from across a health region, and by the choice of magnesium
administration as a clinical end point with high validity; an effective
intervention that is supported by the safety literature.20 The three
other clinical measures are an important part of management for
many emergencies in obstetrics as well as other disciplines, so their
inclusion as endpoints adds external validity.

Intuitively, multi-professional training for specific obstetric
emergencies seems logical and there is evidence to show it can be
translated into reduced errors and improved patient safety.21 We
have shown that embedded practical clinical training is associated
with better team performance in simulation9 and better clinical
outcomes.22–24 It is not known precisely how those improvements
are achieved, however, nor why some teams do not improve as
much as others.9 Moreover, other researchers have found that team
rehearsals have not always been successful in improving team per-

formance or outcomes in maternity care.25

Our new findings are perhaps unsurprising, but following on
from our previous finding of the lack of a clear relationship
between team performance and measures of knowledge, skills and
attitudes,10 this study shows that generic teamwork skills are prob-
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bly the major determinant of variation in team performance of
aternity emergency teams. Taken together, our two studies sug-

est that traditional teaching of individual clinicians is of itself
nlikely to optimise team performance, and they raise the possibil-

ty that generic teamwork training might provide a means of further
nhancing team performance and improving the outcome of emer-
encies that rely on multi-professional care. To do that, generic
eam working has to be both understood in context and amenable
o teaching.

We need now to uncover the specific behavioural characteristics
f clinical teams that are more effective in simulated and real-life
mergencies, rather than simply adopting models from other disci-
lines such as the aerospace industry.26 Perhaps then we can hope
o coach individual clinicians to work better within teams in the
eat of emergencies. Future studies should focus on critical team-
ork competencies such as effective handover, communication,

ask management, situational awareness and leadership27; how to
easure them reliably, and ultimately, how to inculcate them into

ractice.
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