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Purpose: Trauma is a major health problem in developing countries and worldwide which requires many
resources and much time in an emergency department (ED). Although Advanced Trauma Life Support
(ATLS) is the gold standard, operator dependence can affect the quality of care. The objective was to
identify differences in numbers and time to lifesaving interventions, investigation, ED length of stay, and
mortality between an in-house protocol and conventional practice.
Methods: This was a single-center prospective non-randomized study for adult trauma patients in the
ED. The trauma protocol was developed from the recent ATLS guideline.
Results: Thirty-two and 41 cases were in the in-house protocol group and conventional practice group,
respectively. Endotracheal intubation was done more frequently in the in-house protocol group (84% vs.
59%, p = 0.03). Intercostal drainage tube insertion was done faster (6—26 min, median 11 min vs. 15
—84 min, median 35 min, p = 0.02) and pre-arrival notification by emergency medical service increased
in the in-house protocol group (66% vs. 30%, p = 0.01). Hypothermia in the operating room was found
only in the conventional practice group (62% vs. 0, p = 0.007) and a warm blanket was used significantly
more often in the in-house protocol group (25% vs. 0, p < 0.001). A directed acyclic graph with multi-
variate analysis was used to identify confounders. Time to Focused Assessment Sonography in Trauma
was significantly shorter in the in-house protocol group (6.5—15.6 min, median 11 min, p = 0.019).
Conclusion: In addition to the ATLS guideline, the trauma protocol could improve trauma care by reduced
time to investigation, early notification of the trauma team in pre-hospital situations, reduced incidence
of hypothermia in the operating room, and increased use of a warm blanket.
© 2019 Chinese Medical Association. Production and hosting by Elsevier B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

intervention and diagnosis because of a lack of clinical
experience.>®

Trauma is a major health problem in developing countries and
worldwide which requires many resources and much time in an
emergency department (ED). Resources and time can be reduced by
improvements in trauma care.' >

Nowadays, Advanced Trauma Life Support (ATLS) is the gold
standard and universal guideline for management in trauma pa-
tients who usually present at the ED.* Although ATLS is the stan-
dard guideline, there are some issues that can present problems in
the quality of care. Operator dependence may delay the time to
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Previous studies showed that using a trauma protocol can
significantly reduce time to initiation of lifesaving interventions
and reduce mortality.”® Some studies also showed that using a
trauma protocol decreased ED length of stay.”'° One study reported
that using a checklist improved the frequency and speed of the
primary and secondary surveys.!!

In Thailand, there is no trauma protocol in the ED. Therefore, we
aimed to develop an ED trauma protocol to assess the clinical
outcomes and reduce the time to lifesaving interventions,
investigations, and shorten the length of stay in the ED.

The primary objective was to identify differences in the
numbers and time to lifesaving interventions. The secondary
objective was to identify time to investigation, intervention, ED
length of stay, and mortality. Both objectives compared the
in-house protocol with conventional practice.
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Methods
Study design and setting

This was a single-center prospective non-randomized compar-
ison study conducted in the ED at Songklanagarind Hospital which
is a university-based level 1 trauma center on the campus of Prince
of Songkla University in southern Thailand. The ED treats approx-
imately 50,000 patients including 10,000 traumatic patients per
year. The institutional review board of the Faculty of Medicine,
Prince of Songkla University approved this study (EC 60-219-20-4).

Selection of participants

Our center utilizes trauma activation criteria (TAC) for early
notification of the trauma surgeon when the criteria are met (Fig. 1).
The inclusion criteria for this study were traumatic adult patients
(>15 years old) who visited the ED at Songklanagarind Hospital
between February and November 2018 and met the TAC. Patients
included in the study were managed using the in-house protocol
sheet or conventional practice depending on physician preference.
Referred patients, pregnant patients, and patients who did not
meet the TAC were excluded.

Intervention and development of an in-house trauma protocol sheet

A trauma protocol based on the recent ATLS guideline and other
evidence-based practices was developed by the author and a colleague
under the supervision of a certified trauma surgeon. A feasibility test
and public hearing were used during development of the protocol to
obtain the final version: Trauma Protocol V.2 Emergency Department
Songklanagarind Hospital (Appendix A. Supplementary data).

Measurements

Data were collected between February and November 2018 from
the Hospital Information System, Picture Archiving and Commu-
nication System, trauma registry, and the ED registry. All data were
recorded in a case record form.

Outcomes

The primary outcomes of this study were the number of
interventions and the time to lifesaving interventions. The sec-
ondary outcomes were the time to investigation and intervention,
ED length of stay, and mortality.

Analysis

All data were entered into EpiData Manager (version 4.4.2.1) and
the statistical analysis was performed using R software (version
3.5.1). Continuous variables are reported as mean or median using
the unpaired t-test or Wilcoxon Rank-Sum test while categorical
variables are reported as percentage using Pearson's Chi-squared
test or Fisher's exact test. A directed acyclic graph was used to
identify what needed to be controlled in a multivariate analysis. A p
value < 0.05 was considered statistically significant.

Results
Characteristics of the study subjects

Eighty-nine cases were initially included in the study but 16 cases
were excluded. Of the excluded cases the attending physician did not
activate the trauma team or TAC in 12 cases, there were missing
records in three cases, and in 1 case the TAC was cancelled. Finally, 73
cases were enrolled. Thirty-two cases were in the group that used the
in-house protocol and 41 cases were in the conventional practice
group. There were no significant differences in the demographic and
baseline characteristics between the two groups except in head injury
which was more severe in the in-house protocol group (Table 1).

Main results

Among the primary outcomes, endotracheal intubation (ETI)
was performed significantly more frequently in the group that used
the protocol (84% vs 59%, p = 0.03). Also, the time to ETI tended to
be faster but the results were not significant (3—15 min, median
6 min vs. 5—13 min, median 8 min, p = 0.575). Intercostal drainage

Trauma Team Activation Criteria
(TAC)

- SBP <90 mmHg

- GSW chest, abdomen, back

- Stab wound chest, abdomen

- Arrest

- Respiratory rate <12 or >30 /min

- Pulse rate >120 /min (Post IVF resuscitation 1 L)
- FAST positive

- GCS <8 (Activate Neurosurgeon)

- Evidence of pelvic fracture or long bone fracture
with SBP <90 mmHg (Activate Orthopedist)

Songklanagarind Hospital ER
Clinical Practice Guideline

Practice

1. Activate attending trauma staff

2. Activate trauma chief resident

3. Activate neurosurgery chief resident (GCS <8)

4. Activate orthopedist chief resident
(Pelvic or long bone fracture with
SBP <90 mmHg)

Standard order
- Oxygen
- IV fluid: warm NSS/LRS, 2 lines peripheral

- Lab tests: Het, G/M, CBC, PT, PTT, Anti-HIV,
BUN, Cr, Electrolyte, Dtx, Blood alcohol
(clotted blood 10ml)

- Retain Foley catheter, NG tube
- Films: C-spine lateral, CXR, Pelvis AP

- ABIl in long bone fracture

Fig. 1. Trauma activation criteria.
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Table 1
Demographic and baseline characteristics of the patients.
Demographics Conventional group In-house protocol p value
(n=41) (n=32)
Age (year), median (IQR) 30 (21, 46) 40 (28, 50) 0.144
Sex 0.388
Male 30 (73) 27 (84)
Female 11 (27) 5(16)
Glasgow coma scale score 0.038
<8 25(61) 26 (81)
9-12 0(0) 1(3)
13-15 16 (39) 5(16)
Mechanism of injury 0.673
Motor vehicle collision 29 (71) 24 (75)
Car crash 2(5) 3(9)
Pedestrian 0(0) 1(3)
Fall from height 3(7) 2(6)
Penetrating injury 5(12) 2(6)
Injury Severity Score, median (IQR) 21 (10, 29) 17 (14, 25) 0.737
Trauma and Injury Severity Score, median (IQR) 0.95 (0.6, 1) 0.73(0.1,1) 0.126
Systolic blood pressure <90 mmHg 5(12) 2(6) 0.057
Cardiac arrest 8 (20) 12 (38) 0.148
Focused Assessment Sonography in Trauma 40 (98) 30 (94) 0.578
Chest radiography 34 (83) 25 (78) 0.828
Cranial computed tomography 27 (66) 19 (59) 0.745

Data are presented as n (%) unless indicated otherwise.
IQR: interquartile range.

(ICD) tube insertion was also done significantly faster in the group
that used the protocol (6—26 min, median 11 min vs. 15—84 min,
median 35 min, p = 0.02). Other lifesaving interventions between
the two groups were not significantly different (Table 2).

Among the secondary outcomes, time to Focused Assessment
Sonography in Trauma (FAST) tended to be performed faster
(4—12 min, median 8 min vs. 7—27 min, median 10 min, p = 0.056) in
the protocol group but the difference was not significant. Initial ED
hypothermia was not significantly different (20% vs. 8%, p = 0.49) but
hypothermia in the operating room was found only in the conven-
tional practice group (62% vs. 0, p = 0.007) and a warm blanket was
used significantly more often in the protocol group (25% vs. O,
p < 0.001). There were no significant differences in time to other
investigations that included plain radiograph (eg, chest X-rays),
computed tomography, arterial blood gas, and electrocardiography.
In the process of care, there was a significant increase in pre-arrival
notification by the emergency medical service in the group that used
the in-house protocol (66% vs 30%, p = 0.01). There were no signif-
icant differences in time to activate the TAC, time to the operating
room, time to intensive care unit admission or ED length of stay.
There were no significant differences in the percentages of missed
diagnoses or the 24 h, 72 h, and 28 day mortality rates in the ED. The
clinical performance scores at discharge were also not significantly

different. There were no further statistically significant results in the
subgroup analysis of primary and secondary outcomes according to
the Injury Severity Score of <15, 16—24, or >25 between the
in-house protocol group and conventional group.

We used a directed acyclic graph to identify potential con-
founders (Fig. 2). The outcomes that were initially significant and of
interest were ETI, ICD, FAST, and chest X-rays. In the multivariate
analysis, the non-concealed pathways between use of the in-house
protocol and outcomes were blocked by adjusting for cardiac arrest
(for outcome of ICD), cardiac arrest, and severe head injury (for
outcome of ETI). Finally, time to FAST was the only outcome that
was significantly shorter (6.5—15.6 min, median 11 min, p = 0.019)
in the in-house protocol group. The results and the adjusted odds
ratios for those results were not significant (Table 3).

Discussion

Early diagnosis, management, and resuscitation in multiple-
severe trauma patients are the keys to improved outcomes. A
trauma protocol was first developed and used at the University of
Heidelberg, Germany, in 2006. Since then, a few published articles
reported improved process and results in trauma care including
time to lifesaving intervention, ED length of stay, and mortality. Our

Table 2
Primary outcome: time to lifesaving intervention.
Intervention Conventional group In-house protocol p value
Endotracheal intubation, n (%) 24 (59) 27 (84) 0.033
Median (IQR) in minutes 8(5,13) 6(3,15) 0.575
Oxygen therapy, n (%) 2(5) 0 0.501
Needle decompression, n (%) 2(5) 1(3) 1
ICD tube insertion, n (%) 14 (34) 15 (47) 0.389
Median (IQR) in minutes 35 (15, 84) 11 (6, 26) 0.021
ED-thoracotomy, n (%) 0 2(6) 0.189
Minutes - 9 —
PRC transfusion, n (%) 5(12) 6(19) 0.518
Operation, n (%) 10 (24) 9(28) 0.927
Mean + SD in minutes 129 + 41 141 + 28 0.483

Mean or median = duration from arrival to complete intervention.
IQR: interquartile range, SD: standard deviation.
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Fig. 2. Directed acyclic graph.

in-house trauma protocol titled Trauma Protocol V.2 Emergency
Department Songklanagarind Hospital was developed according to
the most recent ATLS guideline and other evidence that matched
our trauma workflow. The results showed that application of the
trauma protocol in the ED improved the outcomes in time to
investigation. This protocol had the effect of shortening the time to
FAST. Our results were consistent with that of Bernhard (2006).”
There were no differences in the lifesaving interventions as re-
ported by Kesinger (2014).2 Unlike other studies, we did not find
any significant difference in ED length of stay or mortality.” '° But
the protocol showed that pre-arrival notification improved signif-
icantly which resulted in early notification of the trauma team
when the TAC criteria were met. The incidence of hypothermia in
the operating room was greater in the conventional practice group
and a warm blanket was used only in the in-house protocol group.

Table 3

Adjusted outcome and odds ratios of in-house protocol group vs. conventional group.

Our study has some limitations. First, it was a single-center
study in an academic tertiary medical center which possibly
limited the generalizability of our results due to limitations of
health care in smaller hospitals. Second, the number of patients was
small which possibly diminished the significance of the results.
Some relevant data were not recorded. Last, the patients were not
randomized because not all ER physicians were familiar with the
protocol. These limitations can be addressed by conducting a multi-
center prospective trial with a longer study period and uniform use
of the protocol in the ED.

To sum up, in addition to the ATLS guideline, a trauma protocol
can improve trauma care by reduced time to investigation, early
notification of the trauma team in pre-hospital situations, reduced
incidence of hypothermia in the operating room, and increased use
of warm blankets.

Outcome Time (minutes)

Median difference (IQR)* p value Crude odds ratio Adjusted odds ratio® p value
ETI -29(-74,1.6) 0.522 3.83(1.22-11.94) 2.92(0.22—-39.11) 0.403
ICD —18.5(—40.3, 3.3) 0.407 1.7 (0.66—4.39) 1.24 (0.43-3.59) 0.695
FAST —11 (-15.6, —6.5) 0.019 0.38 (0.03—4.33) 0.416
CXR 6.1(1.1,11.1) 0.229 1.36 (0.42—4.37) 0.606

ETI: endotracheal tube insertion; ICD: intercostal drainage tube insertion; FAST: focused assessment sonography in trauma; CXR: chest X-ray.

¢ According to directed acyclic graph using multivariate analysis.
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