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Abstract 

Background:  Non-technical errors, such as insufficient communication or leadership, are a major cause of medical 
failures during trauma resuscitation. Research on staffing variation among trauma teams on teamwork is still in their 
infancy. In this study, the extent of variation in trauma team staffing was assessed. Our hypothesis was that there 
would be a high variation in trauma team staffing.

Methods:  Trauma team composition of consecutive resuscitations of injured patients were evaluated using vid-
eos. All trauma team members that where part of a trauma team during a trauma resuscitation were identified and 
classified during a one-week period. Other outcomes were number of unique team members, number of new team 
members following the previous resuscitation and new team members following the previous resuscitation in the 
same shift (Day, Evening, Night).

Results:  All thirty-two analyzed resuscitations had a unique trauma team composition and 101 unique members 
were involved. A mean of 5.71 (SD 2.57) new members in teams of consecutive trauma resuscitations was found, 
which was two-third of the trauma team. Mean team members present during trauma resuscitation was 8.38 (SD 
1.43). Most variation in staffing was among nurses (32 unique members), radiology technicians (22 unique members) 
and anesthetists (19 unique members). The least variation was among trauma surgeons (3 unique members) and ER 
physicians (3 unique members).

Conclusion:  We found an extremely high variation in trauma team staffing during thirty-two consecutive resusci-
tations at our level one trauma center which is incorporated in an academic teaching hospital. Further research is 
required to explore and prevent potential negative effects of staffing variation in trauma teams on teamwork, pro-
cesses and patient related outcomes.
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Background
The implementation of trauma systems, in conjunction 
with a systematic approach to trauma resuscitation, has 
considerably improved the outcome of critically injured 
patients [1]. One of the pillars of these advances is a coor-
dinated early resuscitation, for which the establishment 
of in-hospital trauma teams is critical [2–4]. A trauma 

team’s goal is to diagnose life-threatening injuries and 
provide immediate resuscitation and stabilization.

Previous studies already found that beside technical 
failures, non-technical errors, such as insufficient com-
munication or leadership, may hinder these goals and 
could lead to severe adverse effects, including increased 
mortality rates [5–9]. Therefore, acquiring non-techni-
cal skills is of utmost importance for effective teamwork 
between physicians, nurses and ancillary personnel in 
order to accomplish a coordinated resuscitation. Estab-
lishing a shared mental model of the patient’s circum-
stance allows team members from various backgrounds 
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to comprehend both the clinical and logistical implica-
tions of individual trauma patients [10, 11]. In short, a 
shared mental model could be defined as representation 
of team members’ shared knowledge about the team 
and its environment, such as the team’s goals, processes, 
communication, available information and adaptations to 
situations and members’ roles, behaviors and interactions 
[12]. The establishment of a shared model is especially 
important, but also more difficult to achieve, when phy-
sicians and nurses from various disciplines converge to 
resuscitate a critical injured patient under time pressure.

However, little is known about the nature, extent and 
impact of staffing variation within trauma teams. Intui-
tively, the more resuscitations performed with the same 
team members, the more familiar the team members 
get with each other’s roles, behaviors, and interactions, 
which facilitates the establishment of a shared mental 
model. However, based on our own clinical experience, 
human resources vary considerably and change fre-
quently. Therefore, during resuscitations members of the 
trauma team sometimes may not even know each other 
by name. In this study, we aimed to assess the extent of 
trauma team staffing variability in daily and day-to-day 
trauma teams. Our hypothesis was that there would be a 
high variation in trauma team staffing.

Methods
Design, sample and outcomes
This study was a retrospective observational study of 
recorded videos of actual trauma resuscitations. During 
the a one-week period in May 2018, all successive resus-
citations of injured patients were retrospectively exam-
ined on trauma team composition utilizing video records. 
Two experts with significant experience in evaluating 
video records of trauma resuscitation evaluated all avail-
able video recordings. The main outcome of this study 
was number of unique compositions of trauma teams in 
terms of personal staffing. Other outcomes were number 
of unique team members, number of new team members 
compared to the previous resuscitation and new team 
members compared to the previous resuscitation in a 
comparable shift (Day, Evening, Night).

Setting
Trauma center
This study was performed at the University Medical 
Center Utrecht (UMC Utrecht), an academic teaching 
hospital and a level one trauma center in the Netherlands. 
The coordinating emergency department nurse activated 
the trauma team if one of the preset criteria for admit-
ted trauma patients was met. These criteria are based on 
the trauma mechanism or specific patient psychological 
or anatomical conditions as reported by ambulance staff 

prior to the patients’ admittance. These criteria can be 
found in Table 1.

Trauma team composition and activation
The trauma team in the UMC Utrecht has generally the 
following composition: a trauma surgeon or fellow, a 
surgical resident, an anesthesiologist’s resident, an emer-
gency physician, a neurologist, two emergency depart-
ment nurses, and a radiology technician. The article of 
Kreb et  al. [13] provide a more thorough explanation 
of trauma team composition and task assignment. The 
trauma surgical resident is the team leader, while the 
trauma surgeon or resident is directly available, super-
vise the surgical resident and is ultimately responsible. 
The emergency physician performs documentation of the 
resuscitation, contacts the radiologist when a CT scan is 
required. At the UMC Utrecht, we have a one-tier trauma 

Table 1  New team members of consecutive resuscitation. 
Trauma team activation criteria in the University Medical Centre 
Utrecht. GCS, Glasgow coma score; BSA, body surface area

Mechanism
  Motor vehicle accident •Speed over 80 km/h

•Ejection/roll over/trapped
•Unrestrained/fatality

  Motor bicycle •Any with speed >30 km/h

  Pedestrian/cyclist •Struck by car or motorcycle/any speed

  Fall •Adult >3 m and/or 5 stairs
•Elderly on anti-coagulant therapy
•Motor bikes/cycle/water ski

  Horse •Any horse-related injury

  Assaults •Shooting
•Stabbing
•Focal blunt head trauma with GCS <13

  Multiple casualties •With significant injuries

  Other •Explosion
•Hanging
•Submersion

Injuries
•Potential airway obstruction/respiratory 
distress
•Penetrating injury to the head/neck/
chest/abdomen/pelvis/back/limbs
•Paralysis (spinal cord injury)
•Burns >10% BSA

Signs
•Respiratory rate <10 or >30
•Heart rate <40 or >120
•Arterial pressure <90 systolic at any stage
•Capillary return >2 s
•GCS <14

Treatment
•Multi-trauma transferred from other 
hospital within 24 h of injury
•Intubation or assisted ventilation
•>2 liter of fluid resuscitation
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team activation strategy, which means that the trauma 
team composition is theoretically the same for each 
trauma resuscitation. Only the trauma surgeon could 
decide to consult additional medical doctors or extend 
the team with an additional nurse. The trauma team is 
activated in case one of the predefined activation criteria 
is met. At the time of the study, ten staff trauma surgeons, 
three trauma surgeons fellows, eleven surgical residents, 
five ED physicians, roughly 45 nurses could potentially be 
part of the formation of a trauma team. Yearly there are 
roughly 1200 trauma admission of which nearly 400 are 
severely injured.

Schedule system
During working days (Monday-Friday) there is a 3-shift 
system (day, evening, night), for residents and nurses and 
a 2-shift system for trauma surgeons or fellows. During 
the weekend there is also a 2-shift system for residents.

Data collection
First, among all included videos, unique trauma team 
members were identified and categorized in one of the 
following groups: trauma surgeon or fellow, surgical resi-
dent, emergency physician, anesthesiologist, neurologist, 
emergency nurse, radiology technician or other. Each 
video was analyzed to identify attending team members 
per resuscitation. Resuscitations were categorized in 
shifts (Day 8.00-16.00; Evening 16.00 -24.00 and Night 
24.00-8.00). Data was collected using a score sheet in 
Microsoft Excel (Microsoft Corp. Released 2010. Micro-
soft Office Excel 2010, Version 14.0. Redmond, WA: 
Microsoft Corp.). Finally, resuscitated patient’s baseline 
characteristics were gathered (age, ISS,).

Statistical analysis
For this study and SPSS (IBM Corp. Released 2012. IBM 
SPSS Statistics for Windows, Version 21.0. Armonk, 
NY: IBM Corp) and Microsoft Excel (Microsoft Corp. 
Released 2010. Microsoft Office Excel 2010, Version 14.0. 
Redmond, WA: Microsoft Corp) were used for descrip-
tive analysis. Data was considered nonparametric in case 
Shapiro-Wilk  test’s p-values were 0.05 or lower. Base-
line characteristics were reported as means and stand-
ard deviations (SDs), whilst non-normally distributed 
data were provided as medians with interquartile ranges 
(IQRs). Percent deviation (PD) was computed for results 
reported in percentages.

Privacy and ethics
This study was approved by the institutional research 
board. In accordance with the legal department of our 
hospital, no inform consent of patients nor personnel was 
needed, as the records of videos are part of our quality 

assessment program. Video recordings were stored on a 
secure server inside the hospital building. Video records 
were automatically removed from the server after four-
teen days and data was anonymized within fourteen days.

Results
Baseline characteristics
In total, 32 videos of trauma resuscitations were included 
and analyzed. All provided data were normally distrib-
uted (Shapiro-Wilk  test p > 0.05), except for the ISS. 
(Shapiro-Wilk test p = 0.04). The median ISS was twelve 
(IQR 5-21) (Table 2).

Team staffing variation
All 32 resuscitations had a unique trauma team composi-
tion (100%) and a total of 101 unique trauma members 
were identified (Table  3). Mean number of team mem-
bers present during trauma resuscitation was 8.38 (SD 
1.43). Most variation in staffing was among nurses (32 
unique team members), radiology technicians (22 unique 
team members) and anesthetists (19 unique team mem-
bers). The least variation was among trauma surgeons (3 
unique team members), ER (emergency room) physicians 
(3 unique team members) and trauma fellows (2 unique 
team members)

The mean number of new members in teams of consec-
utive trauma resuscitations was 5.71 (SD 2.57), which was 
67.4% (Percent Deviation (PD) 45.0) of the average total 
team size (Table 4). Percentage of consecutive resuscita-
tions’ new team members were 64.9% (PD 51.0), 65.5% 
(PD 38.46), 71.4 % (PD N/A) for day, evening and night 
shift respectively.

Discussion
This is the first study to describe the extent of staffing 
variety of trauma teams. We found a very high variation 
in trauma team staffing at our level one trauma center, 
which is incorporated in an academic teaching hospital. 
All 32 trauma teams demonstrated an unique composi-
tion and 101 unique members were identified of a trauma 
team. Thereby, we found that on average, two-thirds of 
the trauma team staffing rotated during the successive 
resuscitation. Within most academic hospitals, educa-
tion of (para) medic personnel is common and rotation 

Table 2  Baseline characteristics of resuscitated patients

Baseline characteristics

Resuscitations, cases 32

Age, mean 50 (SD 18)

Gender, percentage male 72

ISS, median 12 (IQR 5-21)
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of residents, fellows and nurses is routine and occurs 
frequently. As many level one trauma centers are incor-
porated within academic teaching hospitals variation 
in trauma teams is likely to be common within trauma 
resuscitation in the emergency department. In the United 
States, approximately 75 percent of all level one trauma 
centers are incorporated in academic teaching hospitals 
[14].

Some recent studies found positive effects of familiar-
ity of team members on teamwork, processes or patient 
care, which supports the reasoning that less variation 
in trauma team staffing may improve trauma care. First 
of all, Joshi et  al. [15] investigated familiarity of team 
members on teamwork and clinical effectiveness during 
three simulated trauma scenarios. Teams whose staffing 

remained constant across the scenarios (stable teams) 
were compared to team whose staffing fluctuated with 
each scenario (dynamic teams). 46 trainees (23 Gen-
eral Surgery; 23 Emergency Medicine) were allocated 
into stable- or dynamic teams. The teamwork in both 
groups enhanced significantly, but the teamwork was 
more enhanced in the stable teams (stable: 9%, p < 0.04; 
dynamic = 4.9%, p < 0.03). Thereby, significant increased 
improvements in clinical effectiveness was only seen in 
the stable team. (stable: 15.2%; p = 0.03; dynamic 8.7% 
p = 0.19). A study of Powezka et  al. [16] performed a 
retrospective analysis of 326 vascular procedures. They 
introduced the Familiarity Score, which yields the total of 
numbers of times each team member (vascular consult-
ant, vascular registrar, scrub nurse, anesthetic consult-
ant) had worked together, in the previous six months, 
divided by the number of possible combinations of pairs 
in the team.  They found that the Familiarity Score was 
significantly associated with the length of the procedure 
(Bayes Factor= 37). Moreover, Krumann et al, [17] per-
formed a retrospectively analysis on the effect of famili-
arity among team members on complication rates after 
elective open abdominal surgery. During a 6- month 
period a senior and junior surgeon performed all surgi-
cal interventions. The first and last month of this period 
where compared. A significant higher percentage of com-
plications were found during the first period compared 
to the last period (54.2% vs. 34.5 %; P = 0.04), demon-
strating familiarity may improve team performance and 
patient safety. Finally, Obermair and colleagues [18] eval-
uated impact of team familiarity in elective gynecological 
surgery on complications among 6,707 medical records. 
After surgery, the lead surgeon scored familiarity of the 
team using a five–point Likert scale which was docu-
mented at the operation report. In their analyses, after 
adjustment for ASA score and BMI, the likelihood of an 
adverse event was doubled in non-familiar teams com-
pared to familiar teams (OR 2.06, 95%CI 1.20 to 3.55 p < 
0.01). Moreover, in contrast to predictable circumstances 
during elective surgery or simulated environments, 
the circumstances during the resuscitations of severely 
injured patients are more stressful and less predictable, 
requiring highly adaptive teams. Therefore, extrapolat-
ing the findings of the discussed recent studies to actual 

Table 3  Team composition of analyzed trauma teams

Category Unique members 
(SD)

Resuscitations present 
(%)

Total trauma resusci-
tations

32 N/A

Unique trauma 
teams

32 N/A

Team members core team
  Trauma surgeon 3 17 (53.1%)

  Trauma Fellow 2 11 (29.1%)

  Surgical resident 7 32 (100%)

  Emergency Physician 3 13 (40.6%)

  Anesthetist 19 32 (100%)

  Radiology technician 22 32 (100%)

  Nurse 32 32 (100%)

  Neurologist 11 29 (90.6%)

Additional team members
  Radiologist 2 2 (6.3%)

Overall
  Total unique 
trauma team mem-
bers

101

  Average number 
of members per 
resuscitation

8.375 (1.43)

Table 4  New team members of consecutive resuscitation

Trauma resuscitations (n) Mean new team members compared to previous resuscitation

N (Standard Deviation) % (Percent Deviation)

Total 32 5.7 (SD 2.6) 67.4 (PD 45.0)

Day shift (08:00-16:00) 15 6.0 (SD 3.1) 64.9 (PD 51.0)

Evening shift (16:00-24:00) 15 5.3 (SD 2.1) 65.5 (PD 38.5)

Night shift (00:00-08:00) 2 5.0 (SD N/A) 71.43(PD N/A)
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trauma resuscitations, familiarity may enhance teamwork 
and team performance even more.

Although this study did not investigate the direct effects 
of familiarity within trauma teams on patient’s outcome, 
our findings emphasize the importance of non-technical 
abilities among team members and clear role assign-
ments of the team members. Nontechnical skills such as 
communication, leadership, and teamwork are examples 
of nontechnical skills  that are increasingly being recog-
nized as key components of emergency resource manage-
ment [19]. Thereby, a clear task delineation is required as 
it is hard to collaborating together without fully under-
standing each other necessitates. Trauma team simula-
tion training has been proven to increase nontechnical 
skill development [20]. Furthermore, during simulation 
training, understanding of role assignment within trauma 
teams might be a trainable aspect. Therefore, regular 
trauma team training might reduce the negative effects of 
unfamiliarity of team members.

Further research
More research is required to gain insights into the nature 
and extend of trauma team staffing variations and the 
impact on patient care and patient outcomes. First of all, 
to obtain a general overview and to increase generaliz-
ability of our study results, our study should be replicated 
in multiple trauma centers. Second, there is evidence of 
previous studies that teamwork leads to improved per-
formance [21]. Therefore, we suggest investigating the 
impact of high variance in team staffing on teamwork. 
Future research projects, should an may further improve 
our understanding of the impact of the trauma team vari-
ation including clinical outcomes. The overall theory is 
that considerable variance in trauma team staffing leads 
to impaired teamwork, which in turn is thought to lead to 
deteriorated performance. In simplest form, the impact 
of team variance on teamwork could be assessed during 
simulation sessions to compare teams with no or little 
variance to high variance. There are reliable and vali-
dated tools available to assess the teamwork, such as the 
T-NOTECHS tool [22–24]. Third, interventions to effec-
tively reduce team variation could be developed, tested 
and implemented into practice. We suggest two types 
of interventions to be investigated. First interventions 
that reduce team staffing variance and second, interven-
tions that reduce negative effects of team staffing vari-
ance. An example how team variance could be reduced 
is by advanced scheduling systems. Coordination of hav-
ing the similar staff occupation within teams is extremely 
challenging, as multiple (para)medical specialties are 
involved in the trauma team. A possible approach could 
be scheduling using advanced methods, such as deep 
learning techniques, as described by Rosemarin [25]. 

Their supposed deep-learning scheduling system was 
able to schedule based on hospital’s data and specific 
goals, which among other goals, could be the reduction 
of trauma team staffing variance.

Strengths and limitations
The strength of this study was the use of video recordings 
of trauma resuscitations to analyze trauma team composi-
tion, which provides an unbiased, indisputable and accu-
rate documentation of the trauma resuscitation. However, 
our study also has limitations that should be considered. 
This was a single-site study in a level one trauma center 
in an academic institution. The practices and policies at 
our institution may differ from other academic medical 
centers and even more from smaller non-academic hos-
pitals. As such, the generalizability of our findings may 
be limited. Furthermore, we analyzed 32 trauma team 
activations, within a relative short time. Thereby, most of 
the trauma resuscitations were during day and evening 
time, and very few during the night. Therefore, our study 
populations was too small to perform additional analysis. 
Therefore, results should be considered as a rough estima-
tion of the extent of staffing variation of trauma teams at 
our hospital. Nevertheless, we believe that our key find-
ing, that there is a high variance team staffing, will not 
change with an larger study population. Thereby, theoreti-
cally, there shall even be more variations over longer peri-
ods, because of rotations of residents, vacations and new 
personnel during the year.

Conclusion
We found an extremely high variation in trauma team 
staffing at our level one trauma center which is incorpo-
rated in an academic teaching hospital. Further research 
is required to explore the nature and impact of high vari-
ation in trauma team staffing on teamwork, processes 
and patient related outcomes.
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