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Abstract

Background

For trauma patients, delays to assessment, resuscitation, and definitive care affect out-

comes. We studied the effects of resuscitation area occupancy and trauma team size on

trauma team resuscitation speed in an observational study at a tertiary academic institution

in Singapore.

Methods

From January 2014 to January 2015, resuscitation videos of trauma team activated patients

with an Injury Severity Score of 9 or more were extracted for review within 14 days by inde-

pendent reviewers. Exclusion criteria were patients dead on arrival, inter-hospital transfers,

and up-triaged patients. Data captured included manpower availability (trauma team size

and resuscitation area occupancy), assessment (airway, breathing, circulation, logroll),

interventions (vascular access, imaging), and process-of-care time intervals (time to

assessment/intervention/adjuncts, time to imaging, and total time in the emergency depart-

ment). Clinical data were obtained by chart review and from the trauma registry.

Results

Videos of 70 patients were reviewed over a 13-month period. The median time spent in the

emergency department was 154.9 minutes (IQR 130.7–207.5) and the median resuscitation

team size was 7, with larger team sizes correlating with faster process-of-care time inter-

vals: time to airway assessment (p = 0.08) and time to disposition (p = 0.04). The mean

resuscitation area occupancy rate (RAOR) was 1.89±2.49, and the RAOR was positively

correlated with time spent in the emergency department (p = 0.009).
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Conclusion

Our results suggest that adequate staffing for trauma teams and resuscitation room occu-

pancy are correlated with faster trauma resuscitation and reduced time spent in the emer-

gency department.

Introduction
Improvements in hospital trauma systems can lead to better outcomes and survival [1].
Trauma teams reduce the time taken for resuscitation and total time spent in the emergency
department (ED) [2] [3].

One approach to improving trauma resuscitation outcomes and standards is the auditing of
team dynamics [4] [5] as well as other aspects of the hospital trauma system [6]. For example,
Alavi-Moghaddam utilized computer modelling and queuing theory analysis to unmask bottle-
necks in laboratory and ED consultant capacity [7]. Once these were circumvented, significant
improvements in patient flow were observed. A larger study by the Scottish Trauma Audit
Group demonstrated significant improvements in trauma patient survival (from 65% to 79%)
post-implementation of a trauma service audit program [8]. In our study, we sought to identify
barriers to time-efficient resuscitation in a tertiary academic medical center in Singapore
equipped with round-the-clock emergency medicine specialist coverage and stay-in general
surgery and orthopedic teams (at least senior resident level) [9], with the goal of subsequent
improvement to trauma workflow.

Methods
The use of video recording in trauma as a training technique has been previously described in
literature [10]. We used video recordings to identify areas for improvement in our resuscitation
procedures. A high-resolution motion-activated closed circuit television system (CCTV) had
been installed in the resuscitation area of the ED for the audit of cardiopulmonary resuscitation
[11]. For privacy protection, approval for access to video footage is granted only for authorized
personnel involved in quality improvement programs. From January 2014 to January 2015,
videos of all trauma team activations were extracted for analysis with the exception of cases
with an Injury Severity Score (ISS) of<9 and patients dead on arrival (no spontaneous cardiac
output or respiratory effort at the time of arrival). Inter-hospital transfers and up-triaged
patients were also excluded because initial resuscitation happened outside the CCTV-moni-
tored resuscitation area. The criteria used for trauma team activation in our hospital include
the minimum criteria in the American College of Surgeons Guidelines [12] [13] [14].

Definitions
Resuscitation Area Occupancy Rates at t = 0 (RAOR) were extracted from the CCTV footage
of all 6 bays at the start of resuscitation. An RAOR of 6 refers to a full resuscitation area with all
6 bays filled, while an RAOR of 1 refers to a resuscitation area with only 1 out of the 6 bays
filled (i.e. only the trauma patient in question).

The onset of resuscitation (t = 0) was defined as the time at which the patient’s trolley is
parked in the resuscitation area, allowing interventions to begin.

The end of resuscitation was defined as the time when the patient was wheeled off for final
disposition out of the ED.
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As trauma team size is known to fluctuate in the course of a resuscitation, the trauma team
size utilized for this study was defined as the largest size of the team with the trauma team
leader present at bedside from the start of resuscitation until eventual disposition out of the
ED. Physicians, nurses, and medical students were included only if they actively assisted in
resuscitation.

Video Analysis
Video footage was viewed independently by at least one of the trained co-investigators of the
study, with quantitative timings and data distilled for subsequent analysis. Standardization of
time-point capture and definitions was performed for the first ten videos with at least two co-
investigators viewing the videos independently and recording timings for subsequent inter-
rater comparisons and standardization of methods. The observers did not review any videos
where they were themselves part of the trauma team activation.

Data extracted included: resuscitation manpower characteristics (trauma team size, trauma
team leader arrival time, ED consultant arrival time, and RAOR), interventions (airway assess-
ment, timing of intubation attempts, use of supplementary oxygen, timing of vascular access,
timing and type of immobilization, timing of Focused Assessment with Sonography for
Trauma (FAST), and timing of logrolls), and process-of-care time intervals (time to assess-
ment/intervention/adjuncts, resuscitation procedures, imaging, and eventual disposition).
Interventions were identified and classified by the Advanced Trauma Life Support (ATLS)
principles of Airway, Breathing, Circulation, Disability, and Exposure.

Other data sources
Additional demographic and clinical data obtained from the hospital trauma registry and chart
review included: patient demographics (age, gender), injury mechanism (blunt vs. penetrating
injury, intentional vs. unintentional), ISS, Revised Trauma Score (RTS), and eventual patient
outcomes (Total Length of Stay (LOS), and in-hospital survival).

Ethical Approval
Ethical approval for this study was granted by the Singapore General Hospital Institutional
Review Board. All data was stored on password-protected computers within a locked room
(the trauma office) and anonymized prior to statistical analysis for privacy protection. Due to
the retrospective observational nature of the study, the study was granted exemption from
requiring patient consent by the institutional review board.

Results

Demographics of Study Cohort
Out of a total of 185 trauma activations within this 13-month period, 96 met inclusion criteria.
Sixty-six patients had an ISS<9, 4 were dead on arrival, and there were 19 patients who were
initially under-triaged or transferred from other institutions. Eighteen video-captures were
missed due to data overwriting within the system, and 8 videos were corrupted. This is however
unlikely to introduce significant bias as the missing and corrupted video files did not occur at
any particular time of day or day of week. Videos of 70 patients were analyzed (Table 1).

Of the patients whose videos were captured for analysis, 51 (72.9%) were male, ages ranging
from 17 through 77, with a mean age of 41.7 years. Most were blunt injuries (n = 66, 94.3%).
Road traffic injuries (RTI) were the most common mechanism of injury (n = 44, 62.9%), fol-
lowed by falls from height (n = 15, 21.4%), assault (n = 7, 10.0%), and industrial accidents
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(n = 1, 1.4%). The median ISS was 14.00 (interquartile range [IQR] 2.0–22.0) and the median
RTS was 7.841 (IQR 6.904–7.841). The median LOS in hospital was 4.75 days (IQR 1.75–18.0).
77.1% of our trauma patients were eventually discharged home and 12.9% were discharged to
step-down care, including rehabilitation hospitals.

Human Resources and Intervention Frequency
We analyzed the effects of the following resource availability variables on resuscitation timings:
Trauma Team size, RAOR, and Frequency of interventions.

1. Trauma team size. Team sizes ranged from 4 to 15, with a median team size of 7.00
(IQR 5.75–8.00), out of which 4.79 (SD = 1.55) were physicians.

Pearson’s correlation showed that team size was correlated with shorter time to airway
assessment and eventual disposition (Table 2).

Using Spearman’s correlation, we compared team sizes smaller than the median team size
of 7 to team sizes of 7 or more. This also showed longer ATLS primary survey process-of-care
time intervals for smaller teams: Time to airway assessment (p = 0.045), Time to start of expo-
sure (p = 0.006), and Time to completion of exposure (p = 0.034), as well as longer Time to 1st

Computed Tomography (CT) (p = 0.002).
2. Resuscitation Area Occupancy Rate (RAOR). RAORs at t = 0 were extracted from the

CCTV footage. RAORs were not extracted for nine cases due to human error. Repeat measure-
ments of the RAOR were performed over the first 5 minutes for the initial 10 cases, and it was
found that the RAOR did not change for most cases. There was a significant positive correla-
tion between RAOR and time to eventual disposition (Pearson coefficient 0.330, p = 0.009).

Table 1. Population and Injury Demographics.

Characteristic N (%) / Mean (SD) / Median (interquartile range)

Trauma Activations with Videos Analyzed 70

Age of Patients in Years 41.7 (17.9)

Gender

- Male (%) 51 (72.9)

Injury Type

- Blunt (%) 66 (94.3)

Mechanism of Injury

- Road Traffic Injury (%) 44 (62.9)

- Fall From height (%) 15 (21.4)

- Assault (%) 7 (10.0)

- Industrial Accident (%) 1 (1.4)

- Unknown (%) 3 (4.3)

Injury Severity Score 14.00 (9.0–22.0)

Revised Trauma Score 7.841 (6.904–7.841)

Probability of Survival 98.30 (93.40–99.60)

ICU Length of Stay in Days 0.00 (0.00–0.625)

Total Length of Stay in Days 4.75 (1.75–18.0)

Discharge Status

- Home (%) 54 (77.1)

- Step-down Care (%) 9 (12.9)

- ED Death (%) 2 (2.9)

- Ward Death (%) 5 (7.1)

doi:10.1371/journal.pone.0154595.t001
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3. Frequency of interventions. Potential impediments to assessment, in particular, type of
immobilization (C-collar, splint/traction device, spinal board, and scoop), and the need for
repeat interventions (FAST, repeat intubation or repeat vascular access attempts) were also
analyzed. These did not affect the process-to-time outcome measures, although repeat FAST
was more common in more severely injured patients.

Process-of-care Time Intervals
In this study, time intervals were mostly viewed as outcomes. Airway assessment coinciding
with arrival of the patient in the bay occurred 31.4% of the time (n = 22). Overall, a median
time from arrival to airway assessment of 23.00 seconds was observed. Notably, “time between
last intervention and disposal” was also found to be the greatest contributor to the total time a
patient spent in the ED (0.412, p<0.001) (Fig 1).

Table 2. Effect of Team Size Variation (<7 vs.�7) on Outcome and Time Interval Factors.

Time Intervals Median (minutes) IQR (minutes) Pearson Correlation (r-value) P-value 95% CI

Time from start to:

- Arrival of senior ED doctor 0.00 0.00–2.03 -0.053 NS

- Arrival of Trauma Team Leader 11.95 8.48–20.45 0.045 NS

- Monitors attached 3.38 1.51–7.62 -0.148 NS

- Airway assessment 0.38 0.00–1.33 -0.313 0.008 -0.510, -0.085

- IV plug attempt 2.20 0.67–5.12 -0.186 NS

- 1st blood sample 4.93 2.37–7.83 -0.118 NS

- Patent IV plug 5.52 2.88–8.75 -0.190 NS

- Start of Exposure 1.12 0.28–3.43 -0.138 NS

- Completion of Exposure 7.05 2.28–12.03 -0.229 0.076 -0.440, 0.006

- 1st log roll 19.86 9.78–27.28 -0.036 NS

- 1st FAST 7.66 3.87–14.92 -0.060 NS

- 1st X-ray 32.83 24.54–46.35 -0.099 NS

- Leaving for 1st CT 46.58 35.43–70.13 -0.250 0.058 -0.541, -0.016

- Final intervention 143.98 110.33–183.83 -0.069 NS

- Disposition 184.42 142.36–241.62 -0.247 0.039 -0.455, -0.013

doi:10.1371/journal.pone.0154595.t002

Fig 1. Time from last intervention to disposition versus Time from start to disposition.

doi:10.1371/journal.pone.0154595.g001
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Limitations
Limitations of our study include the small study sample of 70. Other limitations include the
variation of team size over the course of resuscitation. Ideally, every team member should be
tagged, their time spent in the resuscitation area tallied up, and the average team size-per-hour
calculated. This was deemed unfeasible, and we instead used the team size at the arrival-of-
trauma-team-leader as a surrogate for overall team size. While largely accurate, there were
times when the team leader arrived only after the majority of procedures had been completed.
This parameter may therefore not be fully representative of the actual staffing during the acute
early phases of the resuscitation.

Furthermore, audio input of the proceedings was unavailable due to the nature of the equip-
ment and the lack of microphones in situ, which would have provided us an insight into the
quality of team interactions, rather than just the availability of manpower for the trauma acti-
vation. Future studies planned at our institution will analyze the role of teamwork and inter-
professional interactions [15] in trauma resuscitation efficacy.

Lastly, there were several other variables unaccounted for in this study of a highly dynamic
and multifactorial environment. These include team familiarity, nurse and allied healthcare
staff expertise and seniority, and a differentiation of patients by the number of specialties
involved.

Despite these limitations, our results reveal interesting data on manpower availability and
resuscitation timings, serving as a baseline from which we are planning future interventions to
speed up resuscitation.

Discussion
In an ideal world, the ATLS approach to trauma resuscitation would be a coordinated, seamless
process that flows from one step to the next, with simultaneous interventions where possible
[3]. The reality of trauma resuscitation is, however, a complex, multifactorial, and multidisci-
plinary collaboration where team performance and eventual outcomes are highly variable [16].

This study has demonstrated that manpower availability beyond what is conventionally
described as the “optimum team size” can result in shorter timings of trauma resuscitation.
Firstly, a larger trauma team size results in quicker completion of the primary survey, including
airway assessment, initiation, and completion of exposure. Forty-one (58.6%) of our resuscita-
tions were conducted with a team size of seven or more. Other time intervals, although
recorded, did not yield statistically significant results as the intervals in question were larger
and therefore more susceptible to external variability/influences. Ideally airway is the first step
in resuscitation. In our video analyses however, we realized that this did not always happen
immediately on patient arrival, although it was the case in the majority of the videos. Correlat-
ing patient outcomes with resuscitation timings did not show any statistical significance, partly
due to the small numbers, and also because slower resuscitation timings were observed for
patients with better RTS and ISS scores where there may have been a reduced sense of urgency.

Some authors suggest the presence of an ‘optimum’ number beyond which productivity
appears to decrease [17] [18] [19]. Reasons proffered include increased communication barri-
ers, role and goal ambiguity, and physical crowding of the resuscitation area. Our study sug-
gests that larger team sizes enable more efficient conduct of the steps required in trauma
resuscitation without a hindrance to teamwork that was previously suggested [16]. We also
looked for, but did not detect a statistically significant correlation between team size and time
of day. Although some might predict that larger team sizes are noted during normal office
hours, we found this to be not the case, as we have sufficiently staffed stay-in general surgery
and orthopedic teams. We also measured bedside arrival times of senior ED doctors
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(consultants and above) and trauma team leaders (General Surgery Registrar). However, this
did not appear to have any correlation to process-of-care timing intervals.

The other resuscitation resource explored was RAOR. There was a positive correlation
between RAOR and time from resuscitation start to eventual disposition, i.e. the more patients
in the resuscitation bay, the slower the trauma resuscitation. Although the mean RAOR was
2.02, almost a quarter of cases (21.3%) experienced full area occupancy (RAOR of 6). We also
occasionally noticed the early disposition of patients from the panels in order to free up space
for newly arrived patients. These findings have implications for resource management in busy
EDs.

Lastly, the time between last intervention and disposal, i.e. time in ED spent simply waiting
for disposition, is significantly correlated with the total time spent in the ED. In other words,
bed waiting time is a statistically significant source of delay, the reduction of which will theoret-
ically lead to improvements in RAOR and overall trauma resuscitation timings. Interestingly,
in our study, “time between last intervention and disposal” was the greatest contributor to total
time spent in the ED. This suggests that “bed block”, or the lack of in-patient beds, even after
efficient trauma resuscitation, can lead to increased ED waiting time [20]. While there are stud-
ies showing that time spent in ED is an independent predictor of morbidity and mortality [21],
the underlying reasons are not clear and it is worth studying whether the cause of mortality is
due to prolonged bed waiting time, slow resuscitation, or both.

In summary, manpower availability affects trauma resuscitation times, even in a well-staffed
tertiary academic hospital with stay-in specialist availability. A larger trauma team size speeds
up the completion of ATLS primary survey, and our study does not show any reduction in effi-
ciency from larger team sizes. We also note the significance of resuscitation area occupancy on
overall time spent in the ED, indicating a possible need for further resource management.
Finally, time from final intervention to disposition is a significant contributor to total ED wait
time, the reduction of which will likely lead to improvements in eventual patient outcomes.

Acknowledgments
The authors would like to thank the National University Hospital Singapore Medical Publica-
tions Support Unit for help with the preparation of this manuscript.

Author Contributions
Conceived and designed the experiments: THWMEHO. Performed the experiments: TXZT
NXEQ AFWH KS. Analyzed the data: NN TXZT AFWHNXEQ. Contributed reagents/materi-
als/analysis tools: NN ZXK. Wrote the paper: TXZT NXEQ AFWHMEHO THW.

References
1. Wong TH, Lumsdaine W, Hardy BM, Lee K, Balogh ZJ. The impact of specialist trauma service on

major traumamortality. J Trauma Acute Care Surg. 2013; 74(3):780–4. Available: http://www.ncbi.nlm.
nih.gov/pubmed/23425735 doi: 10.1097/TA.0b013e3182826d5f PMID: 23425735

2. Georgiou A, Lockey DJ. The performance and assessment of hospital trauma teams. Scand J Trauma
Resusc Emerg Med. BioMed Central Ltd; 2010; 18(1):66. Available: http://www.sjtrem.com/content/18/
1/66

3. Tiel Groenestege-Kreb D, van Maarseveen O, Leenen L. Trauma team. Br J Anaesth. 2014; 113
(2):258–65. Available: http://bja.oxfordjournals.org/lookup/doi/10.1093/bja/aeu236 doi: 10.1093/bja/
aeu236 PMID: 24980423

4. Driscoll PA, Vincent CA. Organizing an efficient trauma team. Injury. 1992; 23:107–10. PMID: 1572704

5. Driscoll PA. Trauma: today’s problems, tomorrow's answers. Injury. 1992; 23:151–8. PMID: 1587561

6. Adedeji OA, Driscoll PA. The trauma team—a system of initial trauma care. Postgrad Med J. 1996;
72:587–93. PMID: 8977939

The Effect of Manpower on Trauma Resuscitation Times

PLOS ONE | DOI:10.1371/journal.pone.0154595 May 2, 2016 7 / 8

http://www.ncbi.nlm.nih.gov/pubmed/23425735
http://www.ncbi.nlm.nih.gov/pubmed/23425735
http://dx.doi.org/10.1097/TA.0b013e3182826d5f
http://www.ncbi.nlm.nih.gov/pubmed/23425735
http://www.sjtrem.com/content/18/1/66
http://www.sjtrem.com/content/18/1/66
http://bja.oxfordjournals.org/lookup/doi/10.1093/bja/aeu236
http://dx.doi.org/10.1093/bja/aeu236
http://dx.doi.org/10.1093/bja/aeu236
http://www.ncbi.nlm.nih.gov/pubmed/24980423
http://www.ncbi.nlm.nih.gov/pubmed/1572704
http://www.ncbi.nlm.nih.gov/pubmed/1587561
http://www.ncbi.nlm.nih.gov/pubmed/8977939


7. Alavi-MoghaddamM, Forouzanfar R, Alamdari S, Shahrami A, Kariman H, Amini A, et al. Application of
Queuing Analytic Theory to DecreaseWaiting Times in Emergency Department: Does it Make Sense?
Arch trauma Res. 2012; 1:101–7. Available: http://www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=3876544&tool=pmcentrez&rendertype=abstract doi: 10.5812/atr.7177 PMID: 24396756

8. Scottish Trauma Audit Group. STAG Trauma Audit. 2012. Available: http://www.stag.scot.nhs.uk/
Projects/Trauma.html

9. Ho AFW, Chew D, Wong TH, Ng YY, Pek PP, Lim SH, et al. Prehospital Trauma Care in Singapore.
Prehospital Emerg Care. 2015; 19(3):409–15. Available: doi: 10.3109/10903127.2014.980477

10. Hoyt DB, Shackford SR, Fridland PH, Mackersie RC, Hansbrough JF, Wachtel TL, et al. Video record-
ing trauma resuscitations: an effective teaching technique. The Journal of trauma. 1988. p. 435–40.
PMID: 3352005

11. Ong MEH, Quah JLJ, Annathurai A, Noor NM, Koh ZX, Tan KBK, et al. Improving the quality of cardio-
pulmonary resuscitation by training dedicated cardiac arrest teams incorporating a mechanical load-
distributing device at the emergency department. Resuscitation. European Resuscitation Council,
American Heart Association, Inc., and International Liaison Committee on Resuscitation.~Published by
Elsevier Ireland Ltd; 2013; 84(4):508–14. Available: doi: 10.1016/j.resuscitation.2012.07.033

12. Committee on Trauma American College of Surgeons. Resources for optimal care of the injured
patient. 2014. Available: https://www.facs.org/~/media/files/quality programs/trauma/vrc resources/
resources for optimal care 2014 v11.ashx

13. Wong TH, Tan G, Madhukumar P, Ng J, Koh MP, Chung A. Low incidence of penetrating trauma in a
high-volume tertiary center: 10-year mortality review. Eur J Trauma. 2012;467–71.

14. Wong TH, Koh MP, Ng J. Symptomatic venous thromboembolism in Asian major trauma patients: inci-
dence, presentation and risk factors. Eur J Trauma Emerg Surg. Springer Berlin Heidelberg; 2013; 39
(5):495–500. Available: doi: 10.1007/s00068-013-0292-4

15. Gjerra K, MØller TP,Østergaard D. Efficacy of simulation-based trauma team training of non-technical
skills. A systematic review. Scand J Trauma Resusc Emerg Med. 2014; 58(7):775–87. Available: http://
doi.wiley.com/10.1111/aas.12336

16. Cole E, Crichton N. The culture of a trauma team in relation to human factors. J Clin Nurs. 2006;
15:1257–66. PMID: 16968430

17. Driscoll PA, Vincent CA. Variation in trauma resuscitation and its effect on patient outcome. Injury.
1992; 23:111–5. PMID: 1572705

18. Kelleher DC, Kovler ML, Waterhouse LJ, Carter EA, Burd RS. Factors Affecting Team Size and Task
Performance in Pediatric Trauma Resuscitation. Pediatr Emerg Care. 2014; 30(4):248–53. doi: 10.
1097/PEC.0000000000000106 PMID: 24651216

19. Cassera MA, Zheng B, Martinec DV, Dunst CM, Swanström LL. Surgical time independently affected
by surgical team size. Am J Surg. Elsevier Inc.; 2009; 198(2):216–22. Available: doi: 10.1016/j.
amjsurg.2008.10.016

20. Mowery NT, Dougherty SD, Hildreth AN, Holmes JH, Chang MC, Martin RS, et al. Emergency depart-
ment length of stay is an independent predictor of hospital mortality in trauma activation patients. J
Trauma. 2011; 70(6):1317–25. doi: 10.1097/TA.0b013e3182175199 PMID: 21817968

21. Guttmann A, Schull MJ, Vermeulen MJ, Stukel TA. Association between waiting times and short term
mortality and hospital admission after departure from emergency department: population based cohort
study from Ontario, Canada. Bmj. 2011; 342(jun01 1):d2983–d2983. Available: http://www.bmj.com/
cgi/doi/10.1136/bmj.d2983

The Effect of Manpower on Trauma Resuscitation Times

PLOS ONE | DOI:10.1371/journal.pone.0154595 May 2, 2016 8 / 8

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3876544&tool�=�pmcentrez&rendertype�=�abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=3876544&tool�=�pmcentrez&rendertype�=�abstract
http://dx.doi.org/10.5812/atr.7177
http://www.ncbi.nlm.nih.gov/pubmed/24396756
http://www.stag.scot.nhs.uk/Projects/Trauma.html
http://www.stag.scot.nhs.uk/Projects/Trauma.html
http://dx.doi.org/10.3109/10903127.2014.980477
http://www.ncbi.nlm.nih.gov/pubmed/3352005
http://dx.doi.org/10.1016/j.resuscitation.2012.07.033
https://www.facs.org/~/media/files/quality
http://dx.doi.org/10.1007/s00068-013-0292-4
http://doi.wiley.com/10.1111/aas.12336
http://doi.wiley.com/10.1111/aas.12336
http://www.ncbi.nlm.nih.gov/pubmed/16968430
http://www.ncbi.nlm.nih.gov/pubmed/1572705
http://dx.doi.org/10.1097/PEC.0000000000000106
http://dx.doi.org/10.1097/PEC.0000000000000106
http://www.ncbi.nlm.nih.gov/pubmed/24651216
http://dx.doi.org/10.1016/j.amjsurg.2008.10.016
http://dx.doi.org/10.1016/j.amjsurg.2008.10.016
http://dx.doi.org/10.1097/TA.0b013e3182175199
http://www.ncbi.nlm.nih.gov/pubmed/21817968
http://www.bmj.com/cgi/doi/10.1136/bmj.d2983
http://www.bmj.com/cgi/doi/10.1136/bmj.d2983

