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Trauma is the leading cause of death in the age 1-44 
years in the Western world [1]. In Denmark, severely 
injured patients are treated in 22 trauma centres; four 
level-1 university hospitals and 18 level-2 regional hos-
pitals [2]. Trauma patients are treated by a trauma 
team gathering ad hoc to perform acute assessment 
and resuscitation of the severely injured patient. The 
composition of the trauma teams varies between hos-
pitals, with staffing ranging 9-17 healthcare profession-
als [2]. 

Regional hospitals are so-called “high-risk, low- 
incidence” hospitals regarding trauma care. The num-
ber and severity of trauma cases are low compared with 

trauma centres at university hospitals. In Denmark, 
pre-hospital visitation refers most severe injuries to 
level-1 trauma centres.

However, severe trauma cases are occasionally 
treated at regional hospitals. Hence, it is of utmost im-
portance that both technical and non-technical skills in 
trauma resuscitation are trained in order to provide 
and maintain a high standard of care [3].

Up to 70% of errors in the medical world are due to 
human factors [4]. Errors are often due to inadequate 
non-technical skills, e.g. ineffective communication 
and inability to translate medical knowledge into clin-
ical practice [5]. Simulation can improve both non-
technical and technical skills and thus prevent errors 
and improve patient safety by increasing the trauma 
teams’ efficiency [6]. Simulation provides a possibility 
to optimize teamwork by training specific skills in real-
istic scenarios without endangering patients [7-9]. 

Technical skills include intubation, handling drain-
age tubes, etc. However, the strength of team training 
predominately lies within the non-technical skills in-
cluding communication, teamwork, leadership, etc. 
[6]. 

Structured debriefings led by simulation facilitators 
ensures reflective learning through feedback from 
peers [4, 9]. Furthermore, simulation allows the in-
volved staff to repeat scenarios to maintain and im-
prove the achieved skills over time [10]. Furthermore, 
the complexity of scenarios and the context can be ad-
justed according to the specific learning objectives. 
Several studies conclude that the benefit of simulation 
is greatest if the context and learning environment are 
similar to the daily working environment. Simulation 
can either take place in the real working environment 
(in-situ simulation) or in training facilities (off-site) 
[11, 12]. 

Previous studies have shown that implementation 
of trauma team training (TTT) was associated with im-
proved trauma processing times and a reduction in pa-
tient mortality and morbidity [7, 13].

The aim of this study was to evaluate the effect of 
TTT implementation on processing times during 
trauma resuscitation. We registered processing times  
in trauma resuscitation at Regional Hospital Randers, 
Denmark. Processing times from arrival to chest radio-
graph, CT and total time in the trauma centre until 
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ABSTRACT
InTRoduCTIon: Trauma is the leading cause of death in 

younger people in the Western world. It is of great import

ance that smaller trauma centres with “highrisk, low

incidence” trauma resuscitations maintain high standards  

in trauma resuscitation, as severely injured patients are 

occasionally treated. We aimed to evaluate the effect of 

implementing trauma team training (TTT). Additionally, we 

investigated the incidence of severe traumas using the 

Injury Severity Score (ISS).

MeThodS: Data on process times were collected in a three

month period before and after implementation of TTT at the 

Regional Hospital Randers, Denmark. Process times from 

arrival of the patient in the trauma room until chest Xray, 

trauma CT, CT description and transfer were registered. ISS 

was calculated as trauma severity.

ReSulTS: A total of 43 trauma patients were registered. ISS 

values were not significantly different between the two 

cohorts. 5/43 (12%) had an ISS > 15 as an expression of 

severe traumas. A tendency to reduced process times was 

found, but results were not statistically significant.

ConCluSIonS: Despite limitations in this study, our results 

point towards a reduced process time after the 

implementation of TTT. At an organisational level, TTT can 

draw attention to challenges, inappropriate local procedures 

and allocation of material and staff in order to improve 

trauma resuscitations. Only 12% of patients had an ISS > 15, 

emphasising the need to simulate trauma resuscitations 

using TTT.

FundIng: none.
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Danish Data Protection Agency.
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transfer to a ward or an operating theatre were regis-
tered. 

Furthermore, we aimed to estimate the incidence of 
severe trauma cases at the Regional Hospital Randers.

MeThodS

A prospective interventional study comparing process-
ing times in trauma resuscitation before and after the 
implementation of TTT at Regional Hospital Randers. 

The validated Injury Severity Score (ISS) was used 
to estimate the severity of the traumatic injuries. The 
ISS scale ranges 0-75, and an ISS > 15 defines severe 
trauma with multiple injuries in several body regions 
[14].

Inclusion criteria of trauma team training participants

Participants were all healthcare professionals who nor-
mally participate in trauma resuscitation, acting in 
their own profession to maximise the clinical relevance. 

Participants were signed up via an electronic course 
platform.  The list of participants was monitored by in-
structors to ensure that participants from all groups of 

healthcare professionals were represented at each TTT. 
Reminders were sent to the head of the participating 
departments to ensure enrolment in TTT. 

Team members and line-up in trauma resuscitation 
resembled the real trauma team at each TTT and is pre-
sented in Figure 1. 

TTT consisted of a 90-minute session following a 
curriculum containing theoretical, advanced trauma 
life support (ATLS) principles, two standardised sce-
narios and two debriefings (Figure 2). The curriculum 
was standardised and could therefore be readily 
adapted by the simulation facilitators. The primary fo-
cus of TTT was to train non-technical skills with spe-
cific learning goals at each session and scenario. Both 
figurants and manikins were used depending on the 
learning objectives [11, 12]

TTT facilitators were orthopaedic surgeons with ap-
proved ATLS courses and regional simulation facilita-
tor courses and with previous experience with simula-
tion. Training was done off-site at the Learning Center 
at Regional Hospital Randers. The setting was a realis-
tic trauma training room.

Prior to TTT implementation, there was no formal-
ised TTT including team training and scenarios at 
Regional Hospital Randers. However, approximately 
twice a year, a four-hour theoretical presentation and 
introduction to trauma resuscitation was held. After 
the lecture, the participants would observe the on-call 
staff conducting an unannounced in-situ trauma simu-
lation. This trauma course was also held throughout 
the study period. 

data collection

Data were collected three months before and three 
months after TTT implementation. 

Data consisted of time intervals (processing times) 
from arrival in the trauma room to the following 
events: chest radiograph, trauma CT, description of the 
CT (verbally handed over to the trauma leader) and 
transfer to a ward or an operating theatre. 

The secretary and the orthopaedic resident on call 
recorded processing times on pre-printed forms during 
resuscitation. Every morning, trauma cases were pre-

FIGURE 1 / Trauma team participants at Regional Hospital Randers. The trauma team 

consisted of 15 members, and the trauma team leader was an orthopaedic surgeon.
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FIGURE 2 / Trauma team training time line. 1) introduction
ATLS and local trauma  
resuscitation
0-15 min.

2) Prebriefing
Introduction to location,  
material and equipment
15-20 min. 

3) Scenario 1
20-40 min.

6) Debriefing 2
75-90 min. 

4) Debriefing 1
40-55 min. 

5) Scenario 2
55-75 min.

90 min.

ATLS = advanced trauma life support.
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sented at morning conferences and the primary investi-
gator controlled if the paper-based forms had been 
filled in. However, no trauma database existed at the 
time of the study. The primary author transferred all 
data from the pre-printed forms to an electronic data-
base after completion of the data collection. 

The ISS was estimated with an ISS calculator based 
on journal reviews and CT descriptions. Observations 
regarding organisational obstacles in trauma resuscita-
tion were also registered during trauma resuscitation. 

Statistical analysis

Processing times before and after the implementation 
of TTT were compared using the non-parametric 
Mann-Whitney test. Unless otherwise stated, median 
(range) is reported. A p ≤ 0.05 was considered statis
tically significant. 

Trial registration: The study was registered with the 
Danish Data Protection Agency.

ReSulTS

TTT implementation was organised in six 90-minute 
sessions in the period January 2017 – November 2017. 
Hence, the pre-TTT period ran 1 October – 31 Decem-
ber 2016 and the post-TTT period ran 1 December 
2017 – 28 February 2018. Records on number of par-
ticipants at the TTT throughout the implementation  
period were not kept. However, total of 84-94 health-
care professionals participated during the TTT imple-
mentation period. At least 14 participants were present 
at each of the six sessions; however, the number of pre-
course online registrations was higher. 

In total, 43 trauma patients, of whom two were chil-
dren, were registered (n pre-TTT = 23, n post-TTT = 
20). Five patients had an ISS > 15, indicating severe 
trauma. ISS was not significantly different pre and post 
TTT implementation (median ISS: 6.5 (0-29) versus 1 
(0-21); p = 0.07), which made the two cohorts com-
par able. Missing data due to missing paper-based forms 
were noted for a few trauma resuscitations. It was not 
possible to retrieve the missing data after the study  
period.

Processing times pre-TTT compared with post-TTT 
were not statistically significantly reduced (Figure 3). 
However, the median total processing time was re-
duced from 62 minutes to 57 minutes until transfer to a 
ward or an operating theatre (p > 0.05), and 75% of 
all trauma cases were handled within 75 minutes com-
pared with 105 minutes before TTT (p > 0.05). 

Furthermore, observations regarding suboptimal 
placement of materials and lack of refill of equipment 
were noted during two trauma resuscitations. These 
observations formed the basis for subsequent structural 
improvements in the trauma room. Furthermore, TTT 

participants also disclosed suggestions for improve-
ments and less effective workflow in trauma resuscita-
tion for future improvements. 

dISCuSSIon 

Implementation of TTT did not statistically signifi-
cantly reduce processing times. However, we noted 
that the majority of the median processing times were 
improved after TTT implementation. This trend is in 
line with the statistically significant improvement ob-
served in trauma processing times after implementa-
tion of TTT at other institutions [13, 15]. 

Our study had several limitations, possibly influenc-
ing the results. One possible explanation for the lack of 
statistical significance is that the study may have been 
underpowered because of the relatively small sample 
size (npre-TTT = 23, npost-TTT = 20, ntotal = 43). 

Both data collection periods were predetermined to 
last three months each and the date for TTT implemen-
tation was set before initiating the study. Due to organ-
isational and management agreements, this time frame 
could not be changed. The second data collection  
period could have been extended, but we decided to 
maintain equally long data collection periods and thus 
approximately the same number of traumas in both  
periods. 

Another explanation for the lack of statistical signi-
ficance may be that our 90-minute TTT sessions held 
every second month had no measurable significant im-
pact on processing times. If this holds true, it might be 
due to the duration or frequency of the simulation 
course. These should preferably be longer and held 
more often [10]. 

FIGURE 3 / Box plot depicting the median trauma processing times, interquartile range 

(box) and range (whiskers) before (red) and after (blue) trauma team training.
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Further limitations include that we did not register 
whether the individual trauma team members of the 
post-TTT trauma resuscitations had participated in the 
TTT during the implementation period. This is likely to 
have influenced the results as we assess the perform-
ance of teams. Several members might not have partici-
pated in TTT at the time of the data collection. Further-
more, conducting the data collection period further 
away from TTT implementation could potentially have 
reduced the noise of the implementation phase.

TTT drew attention to challenges, inappropriate lo-
cal procedures and allocation of material and staff at an 
organisational level. During this study, institutional 
awareness was enhanced to identify and address these 
issues by improving local guidelines and allocation of 
material. 

Besides the benefit of training, a low-incidence, 
high-risk clinical situation simulation of trauma resus-
citation may reduce processing times and thus enable 
hospital staff to resume their work earlier after it was 
interrupted by the trauma resuscitation [13, 15]. 
However, the effect of TTT on processing times and the 
potential cost effectiveness of implementing TTT war-
rant further investigation. 

After having completed the present study, we were 
in a position to make TTT improvements. Scenarios 
were updated and the facilitators were further edu-
cated in debriefing and simulation training.

At the Regional Hospital Randers, this project  
triggered the implementation of a local trauma data-
base as from January 2019. The number of trauma pa-

tients, processing times, severity (ISS) and participants 
in trauma resuscitations are registered prospectively. 
This allows us to follow the effect of TTT continuously 
in future research. 

In this study, we found that five of 43 trauma pa-
tients (12%) had an ISS > 15. This result was surpris-
ingly high as guidelines predict severely injured trauma 
patients to be referred to level-one trauma centres.  
The ISS results underpin the importance of simulation 
training by improving and maintaining competencies 
that are fundamental in caring for severely injured pa-
tients. This important finding could encourage similar 
departments and institutions to implement TTT and 
operate a trauma database. Only nine of 22 Danish 
trauma hospitals state that they have a trauma data-
base [2].

 TTT as a learning method facilitates replacement of 
scenarios and adaptation of learning goals as needed, 
for example as part of improvements after near-miss 
and adverse events or during the development or im-
plementation of guidelines. At an organisational level, 
TTT may produce increased attention to optimising the 
placement of equipment and use of resources.

At the Regional Hospital Randers, we developed a 
simple curriculum for TTT organising which could 
readily be implemented and give all participants the 
same basic education. The curriculum is independent 
of simulation resources but requires support from the 
implicated departments. TTT should be performed by 
simulation facilitators trained in medical simulation 
and holding experience in debriefing and ATLS con-
cepts.  

ConCluSIonS

Implementation of TTT is important to meet the per-
quisites of regional hospitals with a “high risk and low 
incidence” of severe trauma. The incidence of 12% of 
severely injured patients with an ISS > 15 underlines 
the importance of training and maintaining skills in 
trauma resuscitation. The ideal form, frequency and 
content of TTT warrant further studies. In the present 
study, a simple 90-minute simulation course lead to  
improvements at the organisational level and produced 
a tendency towards lower processing times in trauma  
resuscitation.
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Simulation using  
either manikins or  
figurants is an effec-
tive method to im-
prove the resus-
citation of trauma 
patients. Trauma team 
training can be im-
plemented using dif-
ferent equipment and 
settings depending on 
local resources.
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