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Abstract

Background Multiple trauma continues to have a high
incidence worldwide. Trauma is the leading cause of death
among people between the ages of 10 and 40. The
Advanced Trauma Life Support (ATLS) is the most widely
accepted method for the initial control and treatment of
multiple trauma patients. It is based on the following
hypothesis: The application of the ATLS program may
reduce preventable or potentially preventable deaths in
trauma patients.

Materials and methods The present article reports a ret-
rospective study based on the records of prospectively
evaluated trauma patients between January 2007 and
December 2012. Trauma patients over the age of 18
admitted to the critical care unit or patients who died
before hospital admission were included. A multidisci-
plinary committee looked for errors in the management of
each patient and classified deaths into preventable, poten-
tially preventable, or nonpreventable. We recorded the
number of specialists at our center who had received
training in the ATLS program.

Results A total of 898 trauma patients were registered.
The mean injury severity score was 21 (SD 15), and the
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mortality rate was 10.7 % (96 cases). There were 14 cases
(14.6 %) of preventable or potentially preventable death.
The main errors were delay in initiating suitable treatment
and performing a computed tomography scan in cases of
hemodynamic instability, followed by initiation of incor-
rect treatment or omission of an essential procedure. As the
number of ATLS-trained professionals increases, the rates
of potentially preventable or preventable death fall.
Conclusions Well-founded protocols such as the ATLS
can help provide the preparation health professionals need.
In our hospital environment, ATLS training has helped to
reduce preventable or potentially preventable mortality
among trauma patients.

Introduction

Multiple trauma continues to have a high incidence
worldwide [1]. In developed countries, trauma is the
leading cause of death among people between the ages of
10 and 40. Nine people die every minute after violent
injuries, and car accidents cause more than a million deaths
a year worldwide [1]. Moreover, mortality is not the only
problem: Donald Trunkey’s claim, “for every death, two
patients remain permanently disabled” [2], first published
in 1982, holds true today.

Epidemiological studies predict a progressive increase
in traumatic injuries by the year 2030 [3]. These kinds of
injuries involve a considerable loss in terms of years of
productive life, and they raise health care costs and dis-
ability rates; besides the undeniable human drama, they
also have a significant socio-economic impact [4].

In an effort to stem this upward trend, the use of a
standardized and widely accepted method for the initial
control of multiple trauma patients and for the
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establishment of treatment priorities is essential. Today, the
Advanced Trauma Life Support (ATLS) protocol is the
most widely accepted method worldwide for the initial
control and treatment of multiple trauma patients [5].

Since the adoption of the protocol, investigators have
published the results obtained in several countries and have
compared mortality rates in trauma patients before and
after the application of ATLS. In 1992, in a study in
Trinidad and Tobago, Ariyanayagam et al. [6] observed a
decrease in mortality from 49 to 46 % after applying the
ATLS method and in the following year Ali et al. [7], in the
same country, recorded a reduction in mortality associated
with traumatic injury from 67.5 to 33.5 %. In 2003, in the
Netherlands, Van Olden et al. [8] reported a decrease in
mortality from 48 to 31 % after applying the ATLS
method; a year later, studying mortality in the first 60 min
after the patient’s arrival at the hospital, the same group
observed a fall from 24 to 0 % [9].

The morbidity and mortality in trauma patients treated
according to the ATLS protocol in conjunction with other
methodologies have also been analyzed. Hashmi et al. [10]
assessed the risk of complications and mortality before and
after applying several approaches, including ATLS, and
reported a lower rate of complications and mortality after
the introduction of those protocols. Analyzing the imple-
mentation of several criteria included in the ATLS at rural
level in the United States, Hedges et al. [11] found an
increase in survival among the most severely injured
patients.

In Catalonia, Spain, one study [12] of the application of
clinical indicators in the treatment of multiple trauma
patients based on the ATLS protocol found a reduction in
complications, but not in mortality. A retrospective study
in Greece [13] published in 2011 concluded that patients
attended by physicians trained in ATLS presented higher
mortality (3.7 vs 2 %). However, that study had clear
methodological shortcomings. In 2009, a Cochrane review
[4] found no articles that met the quality criteria for
comparing results before and after introduction of the
ATLS training program. The review concluded that there
was no evidence that the method improves prognosis of
multiple trauma patients.

In the light of these conflicting results, the present study
was carried out to test the hypothesis that the application of
the ATLS program may reduce the occurrence of avoidable
errors. The use of the ATLS method provides a systematic
approach to treatment and establishes priorities that support
better outcomes for trauma patients. The ATLS method
optimizes the treatment of trauma patients and helps reduce
avoidable treatment errors or oversights, that could lead to
preventable or potentially preventable deaths. Trauma
represents the “perfect storm” for the development of
collateral damage. The need to make rapid decisions, the
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impossibility of completing a full medical record, and the
limited availability of human and material resources are
among the main causes of error in the treatment of these
patients. The aim of the present study was to analyze
whether training in the ATLS protocol reduces preventable
or potentially preventable mortality in trauma patients.

Materials and methods

This retrospective study is based on the records of pro-
spectively evaluated trauma patients between January 2007
and December 2012. The study was performed in a tertiary
care center in Catalonia, Spain. In Spain there are three
care levels, defined according to the degree of complexity
of available medical care. A tertiary level hospital is the
highest level. In Catalonia, in addition to institutions at the
three care levels, there are also referral centers for trauma
patients. Our hospital is such a referral center, although it is
not characterized as a trauma center because there are no
such facilities in our country.

All multiple trauma patients over the age of 18 admitted
to the critical care unit were included, as were those who
died before hospital admission. The following variables
were recorded for each case: age, gender, mechanism of
injury, injury severity score (ISS) [14], revised trauma
score (RTS) [15], prehospital and hospital vital signs
(blood pressure, heart rate, respiratory rate, glasgow coma
scale, temperature and oxygen saturation), laboratory tests
(leukocytes, hemoglobin, prothrombin time, glycemia,
lactic acid and base excess), diagnosis and treatment of
each injury, complications, and outcome. In case of death,
the date and the cause were specified.

A multidisciplinary committee of anesthesiologists,
surgeons, intensivists, neurosurgeons, and radiologists
looked for errors in the management of each patient and
possible missed injuries. The majority of committee
members were ATLS course instructors who had not been
directly involved in patient treatment.

To analyze each case we used clinical information from
medical and nursing reports, constant register clinics, lab
reports, the radiology report, and the therapeutic report.
The analysis was done by following a similar method to
nominal group technique.

On the basis of the analysis of the errors, deaths were
classified into three groups: preventable, potentially pre-
ventable, or nonpreventable. Preventable death was defined
as death that would have been avoided if an error had not
been made. Potentially preventable death presented an
error, but it was impossible to establish whether death
would have occurred in any case. Nonpreventable death
was defined as death that would have occurred whether or
not there were errors in patient management. Using data



World J Surg (2014) 38:2273-2278

2275

provided by the Spanish Association of Surgeons, we
recorded the number of specialists at our center who had
received training in the ATLS program and also the year in
which they attended the course.

Statistical analysis

Data for each patient were recorded prospectively and
introduced into a Microsoft ACCESS database in protected
format to prevent the entry of erroneous or out of range
data. Continuous data were described as means and stan-
dard deviation, and analyzed with Student’s ¢ test if the
distribution was normal or with nonparametric methods
otherwise. Discontinuous data were presented as percent-
ages and were analyzed by the Chi square or Mantel-Ha-
enszel test, if there were more than two ordered categories.
p scores of <0.05 were considered significant. No correc-
tions were made for multiple analyses. The IBM SPSS
Statistics 21.0 program was used for statistical calculation.

Results

We registered 898 trauma patients. Most patients were
male (76 %) with a mean age of 45 (SD 64) years and had
suffered blunt trauma (93.5 %). The mean ISS was 21 (SD
15), and the mortality rate was 10.7 % (96 cases) (Table 1).
The 96 patients who died had a mean ISS of 42 (SD 24),
significantly higher (p < 0.001) than the mean total score
for the series. Most were men (68 %) with a mean age of
55 years, and almost all (99 %) had suffered blunt trauma
(Table 1). There were 14 cases (14.6 %) of preventable or
potentially preventable death. The remaining 82 deaths

Table 1 Demographic data

(85.4 %) were nonpreventable (Table 1). Patients with
preventable or potentially preventable death were also
mainly men (64 %) with a mean age of 52 years. All had
blunt trauma. Mean ISS was 42 (SD 16); there were no
differences with respect to the total group of patients who
died (Table 1).

The main cause of death in the whole series was neu-
rological (43 cases, 44.8 %), followed by hypovolemic
shock (27 cases, 28.1 %) (Table 1). The main cause of
death in patients with preventable or potentially prevent-
able death was hypovolemic shock (10 cases, 71.4 %).
There was a significant difference with respect to the
overall group (p = 0.027), in which, as mentioned, the
main cause of death was neurological. One patient with
preventable or potentially preventable death died of
respiratory causes due to uncontrolled pain, and three died
of neurological causes due to delay or failure to perform
the required neurosurgical intervention (Table 1).

Of the 14 patients with preventable or potentially pre-
ventable death, 12 cases were preventable and two were
potentially preventable. All other deaths (82) were non-
preventable; in 34 of them (41.4 %), errors were made
during patient management (Table 2).

The main errors in the management of the trauma
patients who died were delay in initiating suitable treat-
ment and performing a computed tomography (CT) scan in
cases of hemodynamic instability. The frequency of these
errors was similar across groups (preventable, potentially
preventable, or nonpreventable) (Table 3).

In the preventable or potentially preventable mortality
groups, the second most frequent type of error was initia-
tion of incorrect treatment or omission of an essential
procedure. In the nonpreventable death group, the second

January 2007-December 2012

898 patients

96 deaths (10.7 %) 14 preventable or potentially

preventable deaths

Gender 684 men (76 %)
214 women (24 %)

Mean age, years 45 (SD 64)

Mechanism of injury 840 blunt

(93.5 %) 58 penetrating (6.5 %)
Mean ISS 21.3 (SD 15.1)
Cause of death
Neurological
Hypovolemic shock
Multiorgan failure

Respiratory cardiac

65 men (68 %)

31 women (32 %)
55 (SD 23)

95 blunt (99 %)

1 penetrating (1 %)

9 men (64 %)

5 women (36 %)
52 (SD 22)

14 blunt (100 %)

42 (SD 24)* 42 (SD 16)
43 (44.8 %) 3214 %)

27 (28.1 %) 10 (71.4 %)y**
10 (10.4 %) 0

9 (9.4 %) 1 (7.2 %)
7(1.3 %) 0

ISS injury severity score
*p < 0.001; ** p = 0.027
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Table 2 Classification of

- _ Mortality 2007 2008 2009 2010 2011 2012 Total (96
patients according to type of cases)
mortality

Preventable 6 3 1 1 0 1 12
Potentially preventable 1 0 0 0 1 0 2
Nonpreventable 22 11 7 9 14 19 82
Ratio preventable and potentially 241 % 214% 125% 10% 67% 5% 48
preventable deaths/total deaths
Table 3 Preventable errors 45 20
40 37 —
Error Preventable/ Nonpreventable 34
potentially mortality with 35 30
preventable mortality ~ error (34 patients) 30
(14 patients) 25 22
20 7:1\'\
Delay in adequate 10 (32.2 %) 13 (22.4 %) s 13 214
treatment \.\
10
Performance of CT 6 (19.4 %) 13 (22.4 %) 125 10\.\
with hemodynamic 3 6,7 5
instability 0
2007 2 2 2010 2011 2012
Inadequate treatment 5(16.2 %) 2 (3.5 %) 00 008 009 016 0 0
Omission of essential 4 (12.9 %) 2 (3.5 %) Professionals with ATLS training
treatment —=— Ratio preventable and potentially preventable deaths / total deaths
Misdiagnosis 2 (6.5 %) . . . .
. Fig. 1 Professionals with Advanced Trauma Life Support Program
Failure to perform 132 %) 6 (10.2 %) (ATLS) training and number of preventable/potentially preventable
FAST scan deaths on hospital staff
Failure to activate PPT 1 (3.2 %) 4 (6.9 %)
code
Incorrect damage 1 (3.2 %) 3 (5.2 %) Discussion
control
Failure to perform 1 (3.2 %) . . . . .
damage control Our series comprised 898 mulFlple trauma patients with a
Failure to perform 8 (13.8 %) mean ISS of 21.3 and a n?ortahtly of 10..7 %. Th§se ﬁgu.res
chest or pelvis X-ray are similar to those published in previous studies, which
in primary survey record mortality rates of 10 % for ISS < 15 and up to
Excessive prehospital 3(5.2 %) 20 % for ISS > 15 [16-19]. Patients who died had sig-
delay nificantly higher mean ISS than the series as a whole (42 vs
Errorof 235 %) 21.3), but the ISS did not differ significantly between the
documentation ) different types of mortality (preventable, potentially pre-
Ing;ﬁ;gﬁiosmtal 1(L.7 %) ventable, and nonpreventable; see Table 1).
Esophageal intubation LT %) tFOltl-rtﬁen patlenttsbl(l4.6 ‘7:)1. tpres;;nted .prevet;tatble or
otentia reventable mortality. review o rauma
Total number of errors 31 55 p y P y

most common type of error was failure to perform a chest
X-ray or pelvic X-ray during the primary survey, or failure
to perform a focused assessment with sonography for
trauma (FAST) scan when required (Table 3).

According to data provided by the Spanish Association
of Surgeons, the number of specialists at our hospital with
ATLS accreditation has increased significantly since 2007.
As the number of ATLS-trained professionals increases,
the rates of potentially preventable or preventable death fall

(Fig. 1).
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patients reported figures for preventable or potentially pre-
ventable mortality ranging from 0.4 to 39.6 % [20]. Figures
<2 % have been quoted as acceptable for high-level trauma
centers [21]; one study at a high-level trauma center with a
large number of case studies (2,594 cases) reported a pre-
ventable mortality rate of 2.5 % [22]. Our results are not
comparable because our study sample (96 patients) is much
smaller, although obviously a high-level trauma center will
have greater experience in treating these patients. A Euro-
pean study [23] with a similar number of cases to ours (62
deaths) obtained figures of preventable or potentially pre-
ventable mortality of 29 %, although the number of cases of
preventable mortality was considerably lower than ours.
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In the group of patients as a whole, the main cause of
death was neurological, followed by hypovolemic shock
and multiorgan failure. When mortality is preventable or
potentially preventable, the leading cause of death is sig-
nificantly different, with hypovolemic shock being the
most frequent event (Table 1). These data are in agreement
with those reported in other studies: the main cause of error
associated with preventable or potentially preventable
death is hemorrhage control [22, 24, 25].

The main errors recorded in our study were delay in
initiating suitable treatment and in performing computed
tomography in patients with hemodynamic instability.
These were common to all types of mortality, and they also
corroborate results reported in previous reports [22, 24,
25]. Most errors occur in the primary survey, during the
ABC stage of the ATLS protocol. Other errors, such as
inadequate treatment of an unstable patient, are also
observed in all series [22, 24, 25].

As noted in the Introduction, there are no methodolog-
ically high-quality studies that affirm that implementation
of the ATLS protocol [4] improves the prognosis of
patients with multiple trauma. Nevertheless, physicians in
many countries receive ATLS training in order to be able to
treat these patients. The present study demonstrates that
ATLS training has a positive impact on trauma patient
outcomes. Although there are some limitations of the
study, we can see that as the number of physicians with
ATLS accreditation at our center increases, our data reflect
clinically significant improvements, with a marked
decrease in preventable and potentially preventable deaths
(Fig. 1).

In some articles [10, 11] the improvement observed in
the treatment of these patients is not attributable to the
application of the ATLS protocol alone, but to its combi-
nation with other methodologies. At our center, apart from
the progressive increase in staff with ATLS accreditation,
there were no other changes in the management of multiple
trauma patients during the study period. Trauma patients
are always treated in a specific bay by a multidisciplinary
medical team led by a team leader; an alarm code is used to
alert the entire team, usually before the patient’s arrival in
hospital, and chest and pelvis radiography are available in
the bay without having to move the patient. A FAST scan,
radiology and interventional radiology are available 24 h a
day, 365 days a year. Multiple trauma sessions are held
monthly, and patients are registered prospectively in a
protected database. The updates of the protocols for the
treatment of these patients have always been based on
ATLS principles. So we can attribute the improvement in
preventable and potentially preventable mortality to the
application of the ATLS protocol.

Our current rate of preventable or potentially prevent-
able mortality is 5.3 %, close to the rate recommended for

high-level trauma centers [21]. The progressive reduction
in these rates was achieved by avoiding errors during in the
management of hypovolemic shock through the application
of the systematic method and priorities described in ATLS.

In our view, it is very important that health professionals
who are occasionally required to treat multiple trauma
patients should have a clear idea of the procedures they
should follow. In the case of professionals who routinely
treat these patients in well-equipped facilities this is
absolutely essential. We believe that clear, well-founded
protocols such as ATLS can help to provide the preparation
needed. In our hospital, ATLS training has helped to
reduce preventable or potentially preventable mortality
among trauma patients.
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