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1. INTRODUCTION

1.1. Advance Trauma Life Support (ATLYS)

The Advanced Trauma Life Support (ATLS) course supplies its participants with a safe and
effective method for the immediate treatment of severe injured patients. It gives a reliable
procedure to assess a patient rapidly and accurately and resuscitate and stabilize according
the priority simultaneously. Help to determine whether a patient needs exceed the resources
of a facility and arrange appropriately for a patient’s interhospital or intrahospital transfer.
Ensure that optimal care is provided and that the level of care does not deteriorate at any
point during the evaluation, resuscitation or transfer process [1].

The ATLS programs are recognized as the standard educational trauma program worldwide.
The content and skills presented in this course are designed to assist doctors in providing
emergency care for injured patients. The course provides the essential informations and
skills for participants to identify and treat life-threatening and potencially life-treathening
injuries under the extreme pressures of a fast paced procedures and athmosphere of a
trauma room. Upon completing the ATLS course, the doctors will be able to establish
primary and secondary survey management of acute life-threatening conditions in a timely
manner. They will be able to examine a severe injured patient in apropiate order, intubate
orotracheally on adult or infant patients, perform cricothyroidotomy, asses and treat a
patient in shock. They will capable to make pleural decompression and insert chest tube,
recognize pericardiac tamponade and treat immediately, use of peritoneal lavage and make
Focused Assessment with Sonography for Trauma (FAST) examination. The will
susceptible to evaluate and treat a patient with brain injury including use of Glasgow Coma
Scale (GCS), recognize musculoskeletal injuries and manage them, protect the spinal cord
during the whole process and make the radiologic and clinical evaluation of spine injuries.
Analyzing the datas from World Health Organization (WHO) and the Centers for Disease
Controll (CDC) the burden of injury is even more significant, accounting for 18 % of the
world’s total diseases. The collected data suggest that ATLS has a positive impact on the

value of trauma care.

1.1.1. History of ATLS

Advanced Trauma Life Support (ATLS) programs are recognized as the standard

educational trauma program worldwide. Data suggest that ATLS has a positive impact on



the value of trauma care. The ATLS Hungary program has been started in 2005, celebrating
its 10-year anniversary this year (in 2015). In the present brief communication a brief
overview is provided on the program. Student evaluation and statistical data about the
participants were collected throughout the 10-year history of the Hungarian program.
Student evaluation shows a high level of satisfaction amongst the participating doctors.
Most participants are working in higher level centers. The Hungarian program shows good
quality according to the participants. Establishing at least one new center is crucial to be
able to provide the course for every professional interested in it or required to take it.

The history of ATLS is well known to have started with the famous “Nebraska Experience”
of an orthopedic surgeon, Dr. James Styner’s involvement in a tragic family plane crash in
rural Nebraska in 1976. Dr. Styner’s patient experience of inadequate and inconsistent
trauma care has facilitated the development of an educational program concerning trauma
care in 1978, having been quickly accepted by the American College of Surgeons (ACS)
[2]. The following decades brought a wonderful dissemination of the idea across the globe,
as ATLS has been taught in 63 countries worldwide as of 2012 [2]. The intensive ATLS
course includes the teaching of systematic approach to trauma care by means of simulated
scenarios, practical skills teaching, lectures, and discussions, assessment including both
skills examination and MCQ testing. The student course manual is being revised every 4
years to keep the material up-to-date. The advantages of having a systematic approach to
trauma seem straightforward, however, it is quite hard to measure the impact of it on the
quality of care. Mohammad et al. have performed a systematic review of the available
literature about the impact of ATLS both educationally and in terms of quality of care. They
have concluded that there is strong evidence supporting the educational aspects of the
positive impact of ATLS, however, its effect on mortality needs to be further investigated
[3]. The 2014 update of the publication of the Cochrane Database of Systematic Reviews,
concerning the same topic have had a similar conclusion. They have also stated that high-
quality, controlled investigation of the systemic effect of ATLS is very challenging [4].
However, there are some good quality investigations in the topic. Hashmi et al. have found
that patients were 4.9 times less likely to die and 2.6 times less likely to have complications
after the implementation of an ATLS-based trauma system, compared to the period before
[5]. Hedges et al. have investigated the effect of certain ATLS-based interventions on
survival of high-risk patients in a rural hospital. They have found that ATLS-based

administration of blood products and patient transfer to a higher level center improved
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survival, underlining the positive impact of ATLS on quality of care [6]. Medical staff
undergone ATLS training have also been shown to be more effective in simulated trauma
scenarios by Williams et al., [7].

1.1.2. Dissemination of ATLS course in Hungary

The history of ATLS in Hungary started in 1993 with the first author of this present article
having the chance to see the concept in work in Canada. This experience led to the
establishment of a workgroup of four Hungarian trauma surgeons at the University of
Szeged (Zsolt Balogh, Janos Tomka, Gabor Siiveges, and Endre Varga being involved).
This was followed by years of hard work to make it possible to start the Hungarian ATLS
program. The ACS agreed on starting the Hungarian program in 1999, and after
establishing the financial and infrastructural background, the first course was held in
Szeged in 2005, just a couple of years later than the first German one. A big strength of our
course is the opportunity to perform procedures in the state-of-the-art animal lab of the
University of Szeged. ATLS Hungary was also a founding member of ATLS Europe and is
an active member of it ever since.

In Hungary, we held the 20th ATLS course in 2015, and to date, a total of 39 courses have
been organized and completed by more than 600 physicians. In 2016, we launched the
second course venue in Budapest. It is of high importance that the completion of ATLS
course is mandatory in the orthopedics and trauma specialization and recommended for

resident doctors in anaesthesiology and intensive therapy, and emergency medicine.

1.2. Polytrauma

Severe trauma is one of leading causes of death among the younger generations [8,9]. The
survivors of the first 24 hours are at high risk for inflammation related complications such
as severe systemic inflammatory response syndrome (SIRS), organ dysfunctions, sepsis and
postoperative complications [10,11]. The treatment of major trauma patients is cost-
intensive also. The length of the average intensive care unit stay for survivors with an Injury
Severity Score (ISS) > 16 is two weeks, and in most cases, an extended rehabilitation phase
is also required [12]. Despite these facts, treatment strategies are still often based on expert

opinions instead of clear guidelines determined by higher levels of evidence.
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1.2.1. Definition of polytrauma

The term “polytrauma” has been frequently defined in terms of a high Injury Severity Score
(ISS) and has been generally used interchangeably with terms such as “severely injured” or
“multiple trauma” [13]. The internationally accepted threshold of an ISS > 16 is based on
the description as being predictive of a mortality risk above 10% [14]. However, a number
of definitions for polytrauma with various ISS values (1SS > 15 [15], ISS > 16 [16], ISS >
18 [17], ISS > 18 [18], or ISS > 25 [19] have been described in the literature.

Polytrauma patients are expected to have a high risk of mortality than that obtained by the
summation of expected mortality owing to their individual injuries. The expression was
defined using the new Berlin definition, as cases with an Abbreviated Injury Scale (AIS) >
3 for two or more different body regions and one or more additional variables from five
physiologic parameters. These parameters are hypotension [systolic blood pressure < 90
mmHg], unconsciousness [Glasgow Coma Scale score < 8], acidosis [base excess < —6.0],
coagulopathy [partial thromboplastin time > 40 s or international normalized ratio > 1.4],
and age [>70 years][20].

1.2.2. Initial assessment of polytrauma patient

When treating injured patients, clinicians rapidly assess injuries and perform life-preserving
therapy. Because timing is crucial, a systematic approach that can be rapidly and accurately
applied is essential. This approach called “initial assessment” consists of primary and
secondary survey. During primary survey, the doctors have to recognize all of the life
threatening injuries of the patient and stabilize vital functions, including invasive methods if
needed. Recommended sequence ABCDE helps to treat life threatening injuries in proper
order: “treat first wich Kkills first”. The letter “A” means airway maintenance with
restriction of cervical spine motion, “B” stands for breathing and ventilation function, “C”
refers to circulatory system problems and “D” means disability, neurologic evaluation and
E is exposure and environmental control.

The early recognition of shock is essential in trauma patients. Diagnosing shock in trauma
patients relies on a synthesis of clinical findings and laboratory tests. No single vital sign
and no laboratory test can definitively diagnose shock on its own. The first step to recognize
its presence, the second step is managing shock and identify the probable cause of shock
simultaneously. Hemorrhage is the most common cause of shock after injury and all
patients with multiple injuries have some degree of hypovolemia. Most injured patients in

shock have hypovolemia, but they may suffer from cardiogenic, obstructive, neurogenic,
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and rarely septic shock. It is important to note that hemorrhage resulting in hypovolemic
shock is the predominant cause of preventable deaths after injury. Identifying, controlling
blood loss and initiating resuscitation are therefore crucial steps in assessing and managing
such patients. Early circulatory responses to blood loss are compensatory vasoconstriction
of cutaneous, muscular and visceral circulation to preserve blood flow to heart, brain and
kidneys. The usual response to acute circulatory volume depletion is an increase in heart
rate to preserve cardiac output. In most cases tachycardia is the earliest sign of shock. The
release of endogenous catecholamines increases peripheral vascular resistency, wich
increases diastolic blood pressure and reduces pulse pressure, however this increase in
pressure will not increase organ perfusion and tissue oxygenation significantly. Therefore,
early detection of shock is essential for adequate patient care and the necessary life-saving

interventions.

1.2.3. Current and previous classification of haemorhagic shock

Injuries accompanied by massive blood loss are leading cause of death among young adults
[21,22]. Hypovolemic shock is the second main cause of mortality in trauma patients
[23,24], and the outcome can be improved significantly through early recognition,
intravenous fluid resuscitation and blood transfusions [25]. Currently, the Advanced
Trauma Life Support (ATLS) program provides well-established guidances for early
assessment and initial management of major trauma and suspected hemorrhage by
allocating the patients into severity classes I-1V, respectively [26,27]. Until recently, the
earlier guidance proposed the use of vital signs (VS) only, including heart rate (HR),
systolic blood pressure (SBP) and Glasgow Coma Scale (GCS) to aid the recognition of
shock and estimate blood loss [28,29]. However, the predictive value of VS-based
classification has been questioned and in 2013, the analysis of the Trauma Register DGU®
(Deutsche Gesellschaft fiir Unfallchirurgie) indicated that the VS-based classification does
not reflect the clinical condition accurately. Therefore, the use of base deficit (BD) as a sole
parameter in the classification has been recommended [30,31].

BD is a metabolic marker reflecting the acid-base status of the patients and commonly used
to assess hemorrhage and its consequences [32-34]. Several studies have documented its
ability to predict mortality and post-injury transfusion requirements and highlighted its role
in the early assessment of condition in trauma patients [30, 35-39]. Therefore, the latest
ATLS recommendation expanded the assessment criteria with the BD value [26]. However,

the specificity of BD for hypovolemia prediction is still questionable, since not only
13



metabolic acidosis, but other factors such crystalloids (lactated Ringer or saline) can also
elevate BD [38]. Furthermore, alcohol or drugs, commonly seen in trauma patients, may
also diminish its predictive accuracy [40,41]. Besides, it has been demonstrated that patients
over 55 years may have significant injuries and mortality risk without manifest BD
alterations [42].

1.3. Polytrauma registers

1.3.1. Importance of nationwide registers

Nowadays, modern medical protocols are based on evidence-based knowledge, and
guidelines based solely on expert opinion are increasingly being pushed into the
background. Recently, due to registry and large cohort analyzes, important paradigm shifts
have taken place in the management strategies of the severely injured [28,31,43].
Nonetheless, the mortality rate of severe trauma is still high [44] and there are still several
controversial issues in this field [45,46]. According to the experience from the recent past,
well-functioning registries can play a key role in the further development of emergency
trauma protocols [47]. Two studies of Mutschler et al. in 2013 and 2014 [28,30] are good
examples how international trauma registries (Trauma Register DGU (Deutsche
Gesellschaft fiir Unfallchirurgie), TARN (Trauma Audit and Research Network) change
trauma protocols. The result indicated that the vital sign based classification does not reflect
clinical reality accurately. Consequently, the assessment criteria were extended with the
Base Deficit (BD).

Medical registries are prospective and systematic collections of clinical, demographic, and
other data from patients who meet specific criteria, for pre-defined purposes [11,47,48].
Large amounts of clinical and demographic data may be suitable for setting up and
validating hypotheses, to design protocols and control their effectiveness, quality control of
patient care, to compare the performance of institutions, regions, or countries; to select
participants for clinical trials, for prevention purposes or even for the analysis of pre-
hospital and rehabilitation phases [27,45,49]. The positive impact of trauma registers on the
quality of patient care and scientific activity seems to be evident [12]. This is especially true
for the treatment of severe injuries (Injury Severity Score (ISS) >16), where randomized
controlled trials are hard to conduct due to the time factor, the unconscious state of many
patients, and the interdisciplinary nature of patient management [44]. The Victorian State

Trauma Registry (VSTR) in Australia illustrates well that monitoring patient care via
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statistics makes it possible to identify systemic problems, thereby provides an opportunity
for quality improvement. VSTR’s 2-year statistics (2001-2003) showed that one in five
injured transport times in the region that did not require a technical rescue exceeded 1 hour;
in 60% of individuals with hemodynamically unstable, penetrating trauma, ambulance staff
spent more than 10 minutes on site, 48.4% of severe injuries with GCS <9 mental status did
not undergo intubation at the site.In 28.7% of major trauma cases, no complete trauma team
alert occurred; furthermore, in 23.7% of head injuries, more than 2 hours elapsed before
performing a cranial CT from hospital arrival [12].

1.3.2. Need for Hungarian trauma register

In recognition of this, the concept of a united European trauma registry has already been
born [50]. High-quality polytrauma care is provided in the level I trauma centers of
Hungary and Advanced Trauma Life Support courses have been organized for 15 years,
however national registry in Hungary does not exists.

In the 5 level | trauma centres of Hungary, the priorities of emergency trauma care
correspond to ATLS principles. Moreover, the country is a founding member of ATLS
Europe and organizes courses since 15 years [27]. Despite of the good quality of care,
Hungary has no trauma registry, consequently, a significant amount of scientific
information becomes wasted.

Registers can usually focus only on a limited number of issues, as if the administrative
burden of the amount of data to be recorded depletes the available resources, the database
will be unsustainable. Consequently, it is crucial to set realistic goalsfor a registry [47]. If
the data collection works well in the initial phase, the list of objectives and thus the
parameters to be documented can be expanded later. Patients in the registry are selected
based on predefined inclusion criteria. Many trauma registries collect data only from
severely injured people, for whom it is obvious to use a severity assessment scale, usually
Injury Severity Score (ISS), Revised Trauma Score (RTS), New Injury Severity Score
(NISS), or Trauma Injury Severity Score (TRISS). The use of severity scales is complicated
by the fact that it is not possible to accurately assess lesions immediately upon patient
arrival. After primary survey and stabilization, further imaging is often required to establish
the complete list of diagnoses [51]. As a result, some countries use a more practical, more
measurable set of criteria for selecting severely injured people. Since 2013, the German
Trauma Register DGU® only includes trauma patients with a need for intensive care. This
selection limits administrative burdens, but includes care-critical patients, optimizing the
cost-benefit ratio of operating a database [52].
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2. MAIN GOALS OF THE STUDIES

Our main goal is to analyze different aspects of education and data collection that could

lead to the quality development of trauma care in Hungary. The approach provided by

ATLS has become a relevant part of education in the field of trauma worldwide, since it is

associated with the decrease in the number of preventable deaths. We aim to emphasize the

importance of organizing courses and actively search for new areas of improvement in

ATLS. We also aim to highlight the need for a national trauma register, as unified

systematic data collection could lead to better quality control, identification of new

predictive parameters, and ultimately better patient care.
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As a first step, in study I., we have provided a brief overview on the ATLS
program. Student evaluation and statistical data about the participants were
collected throughout the 10-year history of the Hungarian program.

Then, we set out to examine the predictive power of the currently accepted ATLS
classification of hypovolemic shock to confirm or refute the superiority of VS+BD
detection over the previously used (VS only) protocol. Thereforein study I1.we have
conducted a retrospective cohort analysis at a level | trauma centre to compare the
VS+BD and VS classifications in terms of their ability to predict mortality. Our
secondary goal was to determine the parameters with strong prognostic possibilities
in the early assessment phases of the injured. Therefore, the predictive values of
HR, SBP, GCS and BD were also calculated.

Finally, we aimed to highlight the need for a national registry in our country via
presenting one mass casualty. In search for new predictive factors, markers of shock
and routine labor parameters were collected and analyzed. We aim to demonstrate
that isolated cases can draw attention to new contexts and point out new areas of
improvement; however, in the lack of possibilities for validation, new ideas cannot
become a part of evidence-based medicine. In order to overcome our limitations, the

establishment of a national trauma registry is required urgently.



3. MATERIALS AND METHODS

The clinical studies were conducted in accordance with the Declaration of Helsinki and has
been approved by the local medical ethics committee at the University of Szeged under
reference number 182/2019-SZTE.

3.1. Protocol in Study I.

3.1.1. Study design

The objective of this study is to provide a narrative analysis to explore the association of
ATLS courses and participants satisfaction in regards to educational strategy, quality of
lectures and skills practices and possible effectiveness and efficiency of the course on
trauma care. Secondary data analysis was completed on survey responses from 305
participants of the first 20 Hungarian ATLS courses.

This retrospective study used a secondary data source from the ATLS feedback
questionnaires. The survey contained questions that asked participants to identify the level
of trauma care center they came from and their speciality fields. Additional survey items
asking participants to rate office staff were removed from the analysis, leaving 16 survey
items that were retained for the purpose of the study. Five items were grouped to the
category of educational strategy and possible future usefulness. Survey items used a variety
of categorical measures including yes/no, never/sometimes/usually/always, and not at all/a
little/some/a lot. Five items into the category of lectures and six items were grouped into the
category of skills practices and simulated scenarios.The overall lectures and skills practices
rating survey item used a Likert-type scale of 1 to 5 (1 = worst lecture possible; 5 = best

lecture possible) in whole number increments.
3.2. Protocol in Study I1.

3.2.1. Study design

The present study is a retrospective cohort analysis at a single, level | trauma centre located
in an urban area. The level | qualification is based on national standards regarding the kinds
of resources available and the number of patients admitted yearly. The designation criteria

correspond to United States of America standards.
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3.2.2. Data collection

In the past decades, there were several important changes in emergency trauma guidelines,
such as the paradigm shift in fluid resuscitation and the introduction of tranexamic acid
[53,54]. Taking this into account, we decided to analyze data only from the past 5 years, the
data were collected between 11 July 2014 and 11 September 2019 from the electronic
database (MedSolution) at the University of Szeged. The protocols of emergency trauma
care including massive transfusion protocols at the institution have been in complience with

the principles of ATLS during the whole study period.

3.2.3. Inclusion criteria

The inclusion criteria consisted of trauma team activation, transport directly from scene, age
of 16 years or greater, a detailed documentation including Abbreviated Injury Scale (AlS),
Injury Severity Score (ISS), the accurate mechanism of injury and a complete dataset for
HR, SBP, GCS and BD recorded at presentation. The activation of the trauma team is based
on anatomical and physiological criteria and the mechanism of injury. High-energy trauma
is characterized by high amount of kinetic energy inducing severe tissue damage; and
typically sustained by road traffic accidents, crush or blust injuries, and falling from
heights. The clinical handover between paramedics and emergency department staff follows
the MIST and AMPLE templates (MIST: M — Mechanism of Injury; | — Injuries Sustained;
S — Signs; T — Treatment and Trends in the Vital Signs. AMPLE: A — Allergies; M —
Medications; P — Past Medical History; L — Last Ate; E — Events). The age limit of 16 years
was selected according to the fact that normal values of HR and SBP by adolescents above
that age do not differ largely from the normal values by adults [55,56]. The recorded
variables included the mechanism of injury, the International Statistical Classification of
Diseases and Related Health Problems (ICD) codes, vital parameters (HR, SBP and GCS)
measured by the trauma team at presentation, BD and 30-day survival. Although prehospital
treatment might have influenced the parameters, paramedics use a unified protocol
including guidance regarding the prehospital fluid resuscitation, administration of
vasopressors and opioid analgesics also. When patients were discharged from the hospital
earlier than 30 days, the follow-up was completed as a part of outpatient care.

Patients who received cardiopulmonal resuscitation on scene or primary survey in another
institute were excluded. Additionally, imprecise documentation and missing variables also

entailed exclusion.
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3.2.4. Patient groups

The ATLS does not explicitly declare whether the worst parameter or a combination of all
the parameters should determine the severity class of the patient. Most trauma patients
cannot be allocated correctly to the four ATLS severity classes (I-1V) when a combination
of vital parameters is assessed [28,30]. Therefore, the participant’s allocation was based on
their worst parameter within the VS and VS+BD criteria. Since the current ATLS shock
classification does not describe exact values for HR, SBP and GCS, we adopted HR values
from the previous ATLS classification and SBP and GCS values from the study of Dunham

et al. to make the criteria objective and transparent [39]. (Table 1)

Severity classes Class | Class Il Class Ill Class IV
Estimated blood loss <15% 15-30% 31-40% >40%
HR* (bpm) <100 100-119 120-139 >140
2
4 ] Q SBP* (mmHg) 2110 100-109 90-99 <90
S 3
25 GCS* 15 15 12-14 <12
E S
BD** (mEqg/L) 0-2 mEq 2-6 mEq 6-10 mEq 210 mEq
Transfusion Monitor Possible Yes Massive transfusion

Table 1.Simplified shock classification using absolute values. The table is based on the
recommendations of ATLS [6]. Pulse pressure, respiratory rate and urinary output are not
included in the physiologic variables. Instead of trends, absolute values were used to make
the criteria more objective. VS=vital sign, HR=heart rate, SBP=systolic blood pressure,
GCS=Glasgow Coma Scale, BD=base deficit, bpm=beats per minute

*The current ATLS classification for hypovolemic shock only offers exact values for BD.
The values for HR were adopted from the previous (9th) ATLS shock classification. For
SBP and GCS, we adopted the values used by Dunham et al. [39].

**A negative base excess (BE) is called base deficit (BD) and indicates metabolic acidosis

3.2.5. Outcomes

As a primary outcome, we compared the VS and VS+BD classifications with respect to 30-
day mortality, taking the close relationship of the severity of bleeding to the risk for adverse
outcomes into consideration [28,31,37].

As a secondary goal, we studied the prognostic potential for the individual parameters (HR,
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SBP, GCS and BD, respectively) to be able to determine the strongest and weakest
predictive factors in the initial assessment.

3.3. Protocol in Study I11.

3.3.1. Patient selection and data collection

In our present study, we have focused on patients who suffered severe injuries (ISS >16),
but did not need cardiopulmonal resuscitation on scene. According to these criteria, 9
passengers were selected initially. Two patients were excluded due to their age (9 and 12).
One person was transferred from another hospital in a later phase of treatment. The

flowchart of patient enrollment is shown on Fig 1.

injured in the mass casualty from 2017
n=20

died on scene
n=1

\ 4

resuscitated on scene
n=2

\ 4

»| only moderate injuries
\ 4 n=8

severely mjured
age < 16
n=2

n=9
received the first days
of treatment in another
hospital
v n=1

aged > 16, treated on the Emergency Ward of
the Universit of Szeged
n=6

Fig. 1. The flowchart of patient enroliment

Routinely measured markers of shock, tissue oxygenation and routine labor parameters
were collected within the first 6 and 72 hours after injury, and extracted from the electronic

database (MedSolution) at the University of Szeged Emergency Department.
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3.4. Statistical analysis

In Study I,the results of a detailed questionnaire were evaluated by means of a score
systemon a scale from 1-5.Descriptive statistics were made and data were presented as
mean values.

In Study llcontinuous data were expressed as mean + standard deviation. Categorical data
were expressed as frequency or relative frequency (percentages). Chi-square tests for
independence were performed to test the reationship between VS+BD classification result
and outcome of mortality. The assumption of chi-square test for independence was slightly
violated in the crosstabulation of VS classification result and outcome of mortality,
therefore Fisher’s exact test was used to test the relationship between VS classification
result and outcome of mortality.

Two-proportion Z-test was performed to compare the predictive power of the VS and
VS+BD classifications. Binary logistic regression was applied for further analysis between
VS+BD classification result (groups 1, 2 vs groups 3, 4) and outcome of mortality, odds-
ratio and 95% confidence interval for odds-ratio were calculated.

The predictive performance of individual variables was assessed using receiver operating
characteristic (ROC) analysis. Area under ROC curve was calculated for each individual
variable (candidate predictors: GCS, HR, SBP, BD). Hypothesis tests for AUC ROC were
performed and 95% confidence bounds for AUC ROC were calculated with nonparametric
method. A P- value P<0.05 was considered to be statistically significant. All data were
analyzed by using statistical software IBM SPSS 25.0 (IBM Corporation, Chicago, IL,
USA).

In Study IlIl, data were arranged into a data management software (Sigma Stat 12.0).
Descriptive statistical analysis was performed to characterize our patients based on mean
and standard deviation (SD) and for data not following the normal distribution, on median
and range. Spearman multiple rank correlation was also performed to find any linear
relationship between data obtained and then Wilcoxon-test was ran to compare parameters
determined at 6 h and 72 h. On the next step, primary and secondary outcomes will be
included as short-term (1 month) mortality, hospital-and ICU length of stay and SIRS, acute

organ dysfunctions, multiple organ failure and sepsis.
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4. RESULTS
4.1. Study I.

4.1.1. The results Hungarian ATLS courses

Nearly 50% of the participants came from either a university hospital or the National
Institute of Traumatology, thus representing the high levels of Hungarian trauma care. We
hope to further spread the concept amongst the lower level centers. Over 80% of the
participants were working in the specialty fields of orthopedics & trauma, traumatology,
anesthesiology & intensive therapy, and emergency medicine, showing the major specialties
participating in trauma care in the Hungarian trauma settings. An educational activity is
very accurately judged by the satisfaction of the participants, thus it is very important for
every ATLS center. This feedback can assure that the quality of the course remains on the
desired level. All of the 305 participants responded positive to the question “Have you
learned new and useful information?”. It shows that a structured educational strategy can be
useful to every participant. Similarly, all of the participants responded positive to the
question “Does it worth the time spent on it?” As high as 97% of the participants thought
that the course did worth the course fee.

The skills practices and simulated scenarios are very important parts of the ATLS course,
but it is also very important to keep the lectures on a high level of quality. The lectures are
evaluated year-to-year to keep that high level. If scores from all years are evaluated at once,

none of the lectures get an average grade below 4.6 on a scale of 5 (Fig. 2.).
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Fig.2. Average grading of the lectures by the participants
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4.2. Study 1.

4.2.1. Patient population and demographics

A total of 684 patients were admitted to our institution with activation of the trauma team.
Ultimately, 156 participants met our inclusion criteria. The flowchart for patient enrollment
is presented in Figure 3.

trauma team activation

n=684
J 43
resuscitated on scene
n=641
. 99
" transported from an other institute
n=542

16

could not be identified

n=526

| 332
- insufficient documentation
n=194
38
lack of 30 day follow up
n=156

Fig. 3. Study flowchart

The mean age of the participants was 49.4 + 20.7 years, and only 26.7% of the patients were
female. The most common mechanisms of injury were road traffic accidents (56.4%) and
falls (29.5%). The most affected body regions were the head and neck (74.4%), thorax
(53.9%), and extremities (48.1%). Due to the fact, that most patients suffered a high energy

trauma, multiple body regions were involved in several cases. The characteristics of the
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patient population are shown in Table 2.

Class 1 Class II Class III Class IV

Characteristic All classes
VS VS + BD VS VS + BD VS VS + BD VS VS + BD

Mean Age (V) | 49 44207 | 48.0+18.7 | 464+ 152 [39.7+ 148 [482+ 100 47.0+24.3 | 442£23.9 | 521212 | 522+ 213

(mean t SD)
Female (%) 26.9 30.6 333 20.0 233 238 26.1 26.3 26.6
Male (%) 731 69.4 66.6 80.0 76.7 76.2 73.9 73.7 73.4

Mean HR (bpm)
(mean * SD)

h

823+21.4|780+11.1 | 793+94 |90.7+21.3|81.5+155| 88.0+18.5 | 8441+20.5 |82.4+26.4  829%126.0

Mean SBP (Hgmm)
(mean * SD)

125.7+33.5| 14241225 | 144.2£22.1 | 119.5+£16.2 | 137.0£23.9 | 130.0127.8 | 127.4122.7  114.5137.9 | 115.3£38.3

Mean GCS
(mean * SD)
Mean BD
(mmol/L) 41+49 22+21 0.6+1.0 3.3+36 3.0+1.7 4.7+56 39+32
(mean t SD)
Vasopressor need n
(%)

h
[=]
I+
w
[=}

98%55 150£00 | 15000 | 150£00 | 15.0£0.0 | 13.7t1.0 | 140£1.0 4733

h
[
I+
n
=)
h
~1
I+
=)
(=)

36 (23.1%) | 2 (4.1%) 0 (0%) 0 (0%) 1(3.3) 5(23.8) 5217 | 29(382) | 30(38.0)

Table 2. Patient characteristics. HR=heart rate, SBP=systolic blood pressure,
GCS=Glasgow Coma Scale, BD=Dbase deficit, SD=standard deviation. Slightly declining
tendency in mean SBPs, increasing in mean BDs. A large decrease between mean GCS
rates of classes Il, 11l and 1V, suggesting that GCS might have had the strongest influence

on patient allocation. Need for vasopressors occurred mainly in Classes I11-1V.

The distribution of injury mechanisms, affected body regions and clinical outcomes are

demonstrated in Table 3.
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Injury severity Patient population (n=156)
ISS median (IQR) 29 (20-34)
AlShead, neck> 3 1 (%) 47(30.1)
AlSpace> 31 (%) 6(3.9)
AlSchest> 3 n (%) 44 (28.2)
AISabdomen, pelvic contents 23n (%) 24 (154)
Alsextremities, pelvic girdle 23n (%) 51 (32 7)
AlSexternar=> 3 1 (%) 3(1.9)
Mechanism of injury n (%)
Road traffic accidents 88 (56.4)
Pedestrian 18 (20.5)
Bicicle 16 (18.2)
Motorcycle 17(19.3)
Automobile 37(42.1)
Falls 46 (29.5)
Assault 6 (3.9)
Self harm 3(1.9)
Other 13 (8.3)
Affected body regions n (%)
Head 116 (74.4)
Fracture of the skull 24 (20.7)
Concussion 14 (12.1)
Intracranial hemorrhage 47 (40.5)
Subdural bleeding 21 (44.7)
Epidural bleeding 7(14.9)
Subarachnoid hemorrhage 19 (40.4)
Thorax 84 (53.9)
Pneumothorax 37(44.1)
Hemothorax 9(10.7)
Lung contusion 4(4.8)
Abdomen and pelvis 49 (31.4)
Inraabdominal organ injury 18(36.7)
Injury of the spleen 13(72.2)
Injury of the liver 5(27.8)
Pelvic or retroperitoneal organ injury 6(12.2)
Kidney injury 6 (100.0)
Pelvic or sacral fracture 25 (16.0)
Isolated pubic ramus fracture 6(24.0)
Isolated iliac wing fracture 1(4.0)
Isolated sacral fracture 2(8.0)
Open book injury 4 (16.0)
Lateral compression injury 11 (44.0)
Unilateral complete posterior disruption 1(4.0)
Extremities 75 (48.1)
Shoulder or upper arm 23(30.7)
Elbow or forearm 19 (25.3)
Wrist or hand 14 (18.7)
Hip or thigh 26 (34.7)
Knee or leg 35(46.7)
Ankle or feet 6(8.0)
Spine 40 (25.6)
Fracture of the cervical spine 4 (10.0)
Fracture of the thoracal spine 11(27.5)
Fracture of the lumbar spine 25 (62.5)
Outcomes n (%)
Administration of blood products 97 (62.2)
Massive transfusion 27 (17.3)
Administration of vasopressors 36 (23.1)
Need for ICU admission 111 (71.2)
Surgery in the first 24 h 89 (57.1)
Mortality in the first 24 h 16 (10.3)
Mortality in the first 30 d 34 (21.8)
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Table 3. Severity and mechanisms of injury, affected body regions, outcomes. ISS=Injury
Severity Score, AlS=Abbreviated Injury Scale, IQR=interquartile range, 1CU=Intensive
Care Unit. AIS coding was performed based on AIS 2008 dictionary. Road traffic accidents
and falls were the most common mechanisms that required the activation of the trauma
team. The regions of the head and neck, thorax, and extremities were involved in a high
number of cases. More than half of the participants underwent surgery in the first 24 hours.
Blood products were administered in 97 cases. 34 patients died within 30 days, resulting in

a mortality rate of 21.8%.

4.2.2. Results of statistical analyses

According to VS, 31.4% of the patients were assigned to class I, 6.4% to class 11, 13.5% to
class 11l and 48.7% to class IV. Based on VS+BD criteria, 16.0% of the patients were
reallocated to a higher severity class; however, this change affected mostly the low-risk
classes (I and I1). 34 patients died within the first 30 days, resulting in a mortality rate of

21.8%. The distribution of patients and mortality among the classes are shown in Figure 4.

100 1 35 -
80 1

60 1

Mortality (n)

40 1

10 4

20 1 .U ID .
|l :
I II 11 v I I 11 v

s VS Shock classes Shock classes
—— VS+BD

Number of patients

Fig. 4. Distribution of patients (A) and mortality (B) among the severity classes based
on VS and VS+BD.
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Both the VS and VS+BD classifications showed a strong relation to mortality (chi-square
and Fisher’s exact tests Pvs=0.0001 vs. Pvs+sp=0.000009, respectively). These results are
shown in Tables 4 and 5. According to the two-proportion Z-test, there was no significant
difference in their predictive performance of mortality (P=0.9808).

Variables Shock classes Survival Exitus Total
HR; SBP; GCS | 47 2 49
1 10 0 10
11 18 3 21
AV 47 29 76
Total 122 34 156
P-value
Fisher’s exact 0.000*

test

Table 4. Fisher’s exact test of VS and mortality. The results demonstrate a strong relation
between mortality and VS classification. A p-value p<0.001 was considered to be
statistically significant at 0.001 level. HR=heart rate, SBP=systolic blood pressure,

GCS=Glasgow Coma Scale, df=degrees of freedom. Survival and death refer to 30-day

mortality.
Variables Shock classes Survival Exitus Total
HR; SBP; GCS;

BD I 23 1 24
I 30 0 30
i 20 3 23
v 49 30 79
Total 122 34 156

df P-value

Pearson-Chi 3 0.000*
square

Table 5. Chi-square test of VS+BD and mortality. Survival and death refer to 30-day
mortality. The results demonstrate a strong relation between mortality and VS+BD

classification. A p-value p < 0.001 was considered to be statistically significant at 0.001
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level. HR=heart rate, SBP=systolic blood pressure, GCS=Glasgow Coma Scale, BD=Dbase
deficit, df=degrees of freedom.

Through a separate analysis of HR, SBP, GCS and BD, we found that GCS has the highest
prognostic power (AUCgcs=0.799, P<0.001; CI [0.722, 0.875]). Derangements in BD and
SBP were significant but weak predictors of mortality (AUCgp=0.683, P=0.001, CI [0.576,
0.790]; AUCsgp=0.633, P=0.018, CI [0.521, 0.744]). HR was found ineffective in prognosis
(AUCHr= 0.595, P=0.090, CI [0.480, 0.710]). The results of the ROC analysis with the
ROC curves for the variables are shown in Fig. 5.

1.0
= GCS
w— SBP
0.8 o — HR
Reference line
&
&
‘;‘Z 0.6
D
w
0.4 4
0.2 4
0'0 I T 1 L] 1
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
Diagonal segments are produced by ties
Lo . 95% Confidence Interval
Variables AUC (ROC) P-value Lower bound Upper bound
HR 0.595 0.090 0.480 0.710
SBP 0.033 0.018* 0.521 0.744
GCS 0.799 0.000* 0.722 0.875
BD 0.683 0.001* 0.576 0.790

Fig. 5. ROC analysis of the individual variables

The binary logistic regression analysis confirmed that the risk for mortality increases
massively in the higher severity classes (111 and 1V) as compared to the less severe ones (I

and I1). The results of the analysis are demonstrated inTable 6.
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95% ClI
Significance OR
gnitt Lower Upper
Class 1,11 vs 11,1V 0.002* 25.348 3.358 191.346
Table 6. Binary logistic regression between VS+BD classification result (class I, Il vs
class 111, 1V) and outcome of mortality. The risk for mortality increases massively in the

higher shock (Ill, 1V) compared to the less severe ones (I, Il). OR=0dds Ratio,

Cl=Confidence Interval.
4.3. Study I1I.

4.3.1. Patient characteristics

The mean age of the included patients was 34.85 years, and the mean 1SS was 36.83. The

baseline characteristics of patients are shown in Table 7.

Demographics and outcomes

Age mean = SD 34.85+2.97
Male %% 83.44
ISS mean 36.83 £ 14.93
ISS median [IQR] 31.5[27.5-37]
Mortality (%) 16.66

Clinical parameters

6 hours post-

72 hours post-

injury injury
Base excess (mmol/l) mean + SD -2.13+2.90 0.47 +3.09
Lactate (mmol/l) mean + SD 3.23+1.50 1.27 £ 0.67
WBC (G/L) mean + SD 18.69 + 6.22 7.56 + 0.91*

PLT (G/L) mean + SD

251.83 + 80.99

126.00 + 19.15*

Creatinine (umol/l) mean + SD 88.00 + 13.58 63.5+5.97*
Bilirubin (umol/1) mean + SD 10.34+1.32 24.73 £17.51
AST (U/l) mean + SD 79.4 + 20.05 70.33 + 26.57
ALT (U/l) mean + SD 64.4+22.26 51.33 + 34.36
GGT (U/l) mean + SD 29.6 +18.42 19.67 + 14.22
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Table 7. Patient characteristics, outcomes, clinical parameters 6 and 72 hours post-
injury

The most affected body regions were the chest, pelvis and extremities. Pneumothorax
occurred in 3 from the 5 included patients. Traumatic Brain Injury (TBI) was present in 2
cases, while only one person had a significant abdominal injury.

Significant negative correlation demonstrated between 6-hour WBC and 72-hour creatinine
levels (rs = -0.949; p = 0.0167) and between 6-hour PLT and 72-hour creatinine levels (rs =

0.876; p = 0.0833), these changes may have predictive power when examined in
combination. (Fig. 6.).

Examining the change in routine laboratory parameters measured at 6 and 72 hours post-
injury over the time interval between the two samples, PLT, WBC, and creatinine levels
showed significant changes. (Fig. 6.).
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Fig. 6. The injuries of the individual patients are listed.

31



5. DISCUSSION

5.1. Impact of Hungarian ATLS courses on trauma care

As of 2015, Hungary is still one of the only three countries from Eastern Europe to have an
ATLS program, the other two countries being Lithuania and Slovenia [57]. The 20th
Hungarian course is going to be held in December, 2015. The instructors’ program is also
successfully running with about 25% of the participants showing instructor potential and 3
instructor courses held throughout the years. Szeged is until 2015 was the only ATLS center
in Hungary, organizing 2 courses every year for 16 participants a course. In 2016 launched
the second course venue in Budapest to get possibility of 4 courses per year. Since 2013,
successful completion of an ATLS course is a prerequisite for the Hungarian state board
examination in orthopedics & trauma surgery. Also, as the Hungarian emergency system is
shifting to establishing central Emergency Departments replacing the old, separated
emergency system for the different specialties, more-and-more residents are going to start
in the field of emergency medicine, with the possibility of the ATLS course becoming a
prerequisite for the board examination in emergency medicine as well. These two facts
indicate that the interest in the course is going to significantly rise in the near future. The
Szeged center with 2 courses a year is not going to be able to deal with this load thus,
opening 2 new course sites in other Hungarian trauma centers is compelling. Investigating
the impact of ATLS on the quality of Hungarian trauma care would be very challenging;
however, after 20 successful courses and 305 participants, there are some interesting data
about the Hungarian ATLS program. It is very important to make the idea and concept of
the training spread in the Hungarian trauma system. As nearly half of the participants were
under 30, and as completion of an ATLS course is now a prerequisite for obtaining an
orthopedics & trauma certification, we can hope that the front line of the near future of the
Hungarian trauma system will bear the skills and foundations required for a state-of-the-art
approach.

Participant’s failure is also a very important aspect of a medical educational course. Only a
bit over 3% of the participants failed to pass, and less than 10% had to retake either the
MCQ or the practice examination. These points to the fact that until recently, taking the
course was not obligatory, thus all participants were motivated. It is going to be interesting
to see if the failure rate changes with the course becoming a prerequisite for the orthopedics
& trauma board examination, and possibly for the emergency medicine board examination

as well. As skills-centered, practice-based, structured education gains more and more
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territory in both undergraduate and graduate medical education, we hope that we can build
on the success of the Hungarian ATLS program and that these efforts lead to further

improvement of the Hungarian trauma system.

5.2. Comparison of the current and previous ATLS classifications

This study was designed to investigate the previous, VS-based and the current ATLS
classifications and the prognostic power of the parameters. Both classifications were highly
effective in predicting mortality, with no significant difference between their prognostic
values. Therefore, the superiority of VS+BD over the VS classification could not be
confirmed.

Some other findings are also noteworthy, as we have demonstrated that more than 90% of
all deaths were distributed in classes 111 and V. This data underlines the importance of the
threshold between classes Il and Il1, where the first derangements in SBP, respiratory rate
and urinary output usually occur [26]. According to other studies, the threshold BD value
between these two classes (6 mmol/L) shows a notable predictive potential for mortality
and transfusion requirements post-injury [36,42,58,59]. 6 mmol/L is also the threshold from
where the administration of blood products is recommended by ATLS [26]. The therapeutic
and prognostic relevance of this point questions the reasonability of dividing trauma
patients into four different severity groups. Additionally, due to the need for rapid decisions
in the emergency trauma setting, the complexity of the ATLS shock classification has
already received criticism before its extension with the BD [60]. Based on our study,
combining the less severe classes (I and 1) and the severe classes (I11 and V) could be a
legitimate option to increase the practicality of the classification. Of course, a simplified
classification like this should always be evaluated together with the adjuncts of the primary
survey (e.g. extended Focused Assessment with Sonography for Trauma (eFAST) and
pelvic X-ray). During the secondary survey, trauma patients could undergo a
comprehensive, detailed assessment to estimate the extent of optimal fluid replacement.

As a secondary outcome, the predictive values of the individual variables were evaluated.
GCS, BD and SBP showed a significant predictive performance. While GCS displayed a
relatively strong relation to the outcome, the relation was weak for BD and SBP. In our
study, BD and SBP alone did not appear to have a sufficiently high prognostic potential to
be the foundation for the early assessment. According to other studies, SBP is considered to
have a poor reliability in the early assessment, since hypotension usually does not occur

until the degree of shock is profound [23,61]. Despite of its strong relation to mortality,
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GCS can be affected by several factors besides hypotension, such as traumatic brain injury
or alcohol intoxication [62].

Of note, HR did not have a significant relation to mortality in our study. Numerous factors
such as anxiety, pain, medication and spinal cord injury can lead to elevated HR, making
the specificity of tachycardia for hypotension questionable [62,63]. Increased HR may also
be masked via beta blockers [64,65] (particularly in combination with Ca2+-channel
inhibitors and ACE inhibitors) or physiological bradycardia [60]. Multiple studies pointed
out that HR tends to demonstrate a biphasic response to bleeding since the patients develop
bradycardia as blood loss becomes profound after initial tachycardia [61,66,67]. In our
study, the predictive values of the individual variables showed the following ranking:
GCS>BD>SBP>HR. The relevant differences between the variables suggest that weighing
them and using their combination to allocate trauma patients could potentially increase the
accuracy and specificity of the classification for hemorrhage. However, further research
with larger sample size is required to elaborate such modifications.

Limitations of this study are coming from its retrospective nature. Although our cohort
analysis with the given sample size only has limited value as a validation study, it provides
original research information in a controversial topic and highlights potential areas of
improvement for an assessment tool that is mistrusted by several clinicians [28].

With regard to GCS upon admission, the concern emerges whether prehospital intubation
had a major influence on patient allocation. In accordance with the paramedics protocol, on-
scene intubation is indicated in case of GCS<8, which already entails the allocation into
class 1V according to the criteria of shock classification used in our study. Consequently,
the distortional effect of prehospital intubation on our results is not likely.

The use of vasopressors occurred mostly in classes I11-1V, thus having less influence on our
results. The notable amount of excluded patients and our unability to include respiratory
rate and urinary output in the analysis are due to the lack of comprehensive documentation.
In conclusion, despite the significant relationship between BD and mortality, the previous
and current ATLS classifications yielded nearly equivalent predictive performances,
thereby rendering the added value of BD to the classification questionable. Undoubtedly,
post-injury vital sign values are continuously changing during trauma care and individual
reactions can vary greatly. Despite these facts, trends may appear in the derangements of
physiological variables. In this study, the capability of individual variables to predict

mortality followed the GCS>BD>SBP>HR ranking. The role of HR in the early assessment
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of trauma patients may worth reconsideration in further studies since it does not seem to
reflect the clinical condition accurately. Although the ATLS shock classification is not
necessarily a pragmatic scale, it has become taught in more than 60 countries, making an
impact on the approach of young clinicians to the initial management of the severely
injured. Taking these considerations is into account, striving for the further targeted clicinal
investigations and the development of the classification may be advantageous.

5.3. Mass casualty accident highlighting the need for a Hungarian trauma registry

Our current study is a call for the establishment of a national trauma registry in Hungary. In
order to demonstrate the potential in having a registry, we presented one mass casualty and
raised attention to new probable predictive factors in trauma that are waiting for validation.
Many of the systemic responses to severe injury are already well known. Directly after
trauma, classical markers of tissue injury are released, including “alarm” molecules with
high immunomodulatory potential and hyperacute pro-inflammatory cytokines, such as
tumor necrosis factor-a (TNF-a), or interleukin-1p (IL-1B). The release of these
components results in Toll-like receptor (TLR) activation with an effect after 1-2 h [68]. In
the more comprehensive analysis of this phase, on-scene blood sampling would be
enormously helpful. After the hyperacute stage, early or subacute cytokines including IL-6,
IL-8 as well as IL-12 and IL-18, chemokines and leukocytes migratory factors drive an
exaggerated activation of polymorphonuclear leukocytes, and the increased production of
reactive oxygen species (ROS) which both heavily contribute to the clinical outcome [69].
The peak of these responses does not start within the first 4 hours from the initial insult and
occurs at approximately 12 h [51, 52]. Consequently, a blood sampling around the 6th hour
seems to be applicable for the analysis of the early stage. It is also widely accepted that the
initial pro-inflammatory phase switches later to an anti-inflammatory phases with extended
anti-inflammatory cytokine release to facilitate regenerative processes, however the pro-
inflammatory and anti-inflammatory forces may ultimately amplify each other, creating a
state of increasingly destructive immunologic dissonance [70]. It may lead to severe
complications such as SIRS, and the overstimulation may result in early multiorgan failure
(MOF) within 72 hours after injury [48]. Hence, we aimed to examine the early and late
phases simultaneously in order to find predictive factors for the clinical outcome.

Platelet count and serum creatinine level are widely used predictors for several health
conditions [71-73]. Nouér et al. analyzed patients with multiple myeloma and found that

both higher platelet counts and higher serum creatinine levels were accompanied by a
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higher rate of invasive aspergillosis [74]. In the study of Le et al., thrombocytopenia
independently predicted death in idiopathic pulmonary arterial hypertension [72]. Kertai et
al. revealed a significant association between postoperative nadir platelet counts, and acute
kidney injury, and short-term mortality after Coronary Artery Bypass Grafting (CABG)
surgery [75]. In the trauma setting, close to 20 % of the significantly injured develop
thrombocytosis according to Salim et al. [76]. Elevated platelet count is considered to be
associated with increased risk of complications during recovery, but also with a decreased
mortality rate and therefore may have overall protective effect [76,77].

Through the analysis of the acute and late phases of the injury-accompanied inflammation,
we have found a strong relation between total leukocyte and platelet counts, and serum
creatinine levels. According to our results, the combination of these parameters might have
a predictive potential for unfavorable outcomes after injury. For a comprehensive analysis
on a large cohort, the establishment of a national trauma registry is needed.

A registry contains uniform medical and demographic data on individuals who meet
specific inclusion criteria. Data are documented in an ongoing and systematic manner in
order to serve predetermined purposes [78]. Generally, registries require good planning in
order to be successful. The collection of a large amount of unnecessary data can be avoided
through the accurate identification of the main purpose of the registry and the thorough
cost/benefit evaluation of each and every probable parameter. The core data set, patient
outcomes and the target population have to be clear and unambiguous. As another important
aspect, the available financial and human resources must be appraised and the key
stakeholders should be identified [79]. Besides these basic consideration, several minor
details must be discussed in advance. Establishing a registry is a highly demanding team-
work that requires dedication, but also has the potential for being the starting point of
significant scientific results. In order to lay these foundations in Hungary, the close

cooperation of leading clinicians from our level | trauma centers is needed.
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6. SUMMARY OF NEW FINDINGS

Our brief overview about the Hungarian ATLS program have shown a high level of
satisfaction amongst the participating doctors. Most participants are working in higher level
centers. According to the participants the program has good quality. Our study emerged
further need to establish at least one more new center to provide the adequate number of
courses for every professional interested in it or required to take it.

Our findings provided supportive data for the currently used ATLS shock classification
does not appear to be superior to the VS-based previous classification. GCS, BD and SBP
are useful parameters to predict the prognosis. Changes in HR do not reflect the clinical
course accurately, thus further studies will be needed to determine the value of this

parameter in trauma-associated hypovolemic-hemorrhagic shock conditions.

As a result of our investigations, we could underline the need for a national trauma registry
in Hungary through presenting a mass casualty, and the thoughts generated by it.
Simultaneous changes in early leukocyte and platelet counts, and creatinine levels might
have a significant predictive potential for unfavorable outcomes in trauma care according to
this isolated case series. However, a structured, consensual way of data collection and large
patient population are required in order to validate such speculations. For this purpose, we
suggest the establishment of a national trauma registry in our country. Despite the
demanding nature of this project, we believe that our goal can be reached through the

collaboration of our clinicians and scientists.
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provide the course for every professional interested in it or required to take it.

Keywords: Advanced Trauma life support; ATLS; Trauma; Training; Hungary.

Please cite this paper as:

Varga E, Csonka E, K6sz6 B, Pet§ Z, Agoston Z, Gyura E, Nardai G, Boa K, Siiveges G. Advanced Trauma Life Support
(ATLS) in Hungary; The First 10 Years. Bull Emerg Trauma. 2016;4(1):48-50.

he history of ATLS is well known to have started

with the famous Nebraska Experience of an
orthopedic surgeon, Dr. James Styner’sinvolvement
in a tragicfamily plane crash in rural Nebraska in
1976. Dr. Styner’s patient experience of inadequate
and inconsistent trauma care has facilitated the
development of an educational program concerning
trauma care in 1978, having been quickly accepted
by the American College of Surgeons (ACS) [1].

The following decades brought a wonderful
dissemination of the idea across the globe, as ATLS
has been taught in 63 countries worldwide as of 2012
[1]. The intensive ATLS course includes the teaching
of systematic approach to trauma care by means
of simulated scenarios, practical skills teaching,
lectures, and discussions, assessment including both
skills examination and MCQ testing. The student
course manual is being revised every 4 years to keep
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the material up-to-date.

The advantages of having a systematic approach
to trauma seem straightforward, however, it is quite
hard to measure the impact of it on the quality of
care. Mohammad et al. have performed a systematic
review of the available literature about the impact
of ATLS both educationally and in terms of quality
of care. They have concluded that there is strong
evidence supporting the educational aspects of
the positive impact of ATLS, however, its effect
on mortality needs to be further investigated [2].
The 2014 update of the publication of the Cochrane
Database of Systematic Reviews, concerning the
same topic have had a similar conclusion. They have
also stated that high-quality, controlled investigation
of the systemic effect of ATLS is very challenging [3].
However, there are some good quality investigations
in the topic. Hashmi et al. have found that patients
were 4.9 times less likely to die and 2.6 times less
likely to have complications after the implementation
of an ATLS-based trauma system, compared to the
period before [4]. Hedges et al. have investigated
the effect of certain ATLS-based interventions on
survival of high-risk patients in a rural hospital.
They have found that ATLS-based administration of
blood products and patient transfer to a higher level
center improved survival, underlining the positive
impact of ATLS on quality of care [5]. Medical staff
undergone ATLS training have also been shown to
be more effective in simulated trauma scenarios by
Williams et al., [6].

The history of ATLS in Hungary started in 1993
with the first author of this present article having
the chance to see the concept in work in Canada.
This experience led to the establishment of a work-
group of four Hungarian trauma surgeons at the
University of Szeged (ZsoltBalogh, JanosTomka,
GaborSiiveges, and EndreVarga being involved).
This was followed by years of hard work to make
it possible to start the Hungarian ATLS program.
The ACS agreed on starting the Hungarian program
in 1999, and after establishing the financial and
infrastructural background, the first course was
held in Szeged in2005, just a couple of years later
than the first German one. A big strength of our
course is the opportunity to perform procedures
in the state-of-the-art animal lab of the University
of Szeged. ATLS Hungary was also a founding
member of ATLS Europe and is an active member of
it ever since. As of 2015, Hungary is still one of the
only three countries from Eastern Europe to have
an ATLS program, the other two countries being
Lithuania and Slovenia [7]. The 20" Hungarian
course is going to be held in December, 2015. The
instructors’ program is also successfully running
with about 25% of the participants showing
instructor potential and 3 instructor courses held
throughout the years.

Szeged is still the only ATLS center in Hungary,
organizing 2 courses every year for 16 participants

www.beat-journal.com

ATLS in Hungary

a course. Since 2013, successful completion of an
ATLS course is a prerequisite for the Hungarian state
board examination in orthopedics & trauma surgery.
Also, as the Hungarian emergency system is shifting
to establishing central Emergency Departments
replacing the old, separated emergency system for
the different specialties, more-and-more residents
are going to start in the field of emergency medicine,
with the possibility of the ATLS course becoming a
prerequisite for the board examination in emergency
medicine as well. These two facts indicate that the
interest in the course is going to significantly rise in
the near future. The Szeged center with 2 courses
a year is not going to be able to deal with this load,
thus, opening 2 new course sites in other Hungarian
trauma centers is compelling.

Investigating the impact of ATLS on the quality of
Hungarian trauma care would be very challenging,
however, after 19 successful courses and 305
participants, there are some interesting data about
the Hungarian ATLS program.

It is very important to make the idea and concept of
the training spread in the Hungarian trauma system.
As nearly half of the participants were under 30,
and as completion of an ATLS course is now a
prerequisite for obtaining an orthopedics & trauma
certification, we can hope that the front line of the
near future of the Hungarian trauma system will
bear the skills and foundations required for a state-
of-the-art approach. Nearly 50% of the participants
came from either a university hospital or the National
Institute of Traumatology, thus representing the high
levels of Hungarian trauma care. We hope to further
spread the concept amongst the lower level centers.

Over 80% of the participants were working
in the specialty fields of orthopedics & trauma,
traumatology, anesthesiology & intensive therapy,
and emergency medicine, showing the major
specialties participating in trauma care in the
Hungarian trauma settings.

An educational activity is very accurately judged
by the satisfaction of the participants, thus it is very
important for every ATLS center. This feedback
can assure that the quality of the course remains
on the desired level. All of the 305 participants
responded positive to the question ‘Have you
learned new and useful information?’. It shows that
a structured educational strategy can be useful to
every participant.Similarly, all of the participants
responded positive to the question ‘Does it worth the
time spent on it?’As high as 97% of the participants
thought that the course did worth the course fee.
The skills practices and simulated scenarios are very
important parts of the ATLS course, but it is also
very important to keep the lectures on a high level
of quality. The lectures are evaluated year-to-year
to keep that high level. If scores from all years are
evaluated at once, none of the lectures get an average
grade below 4.6 on a scale of 5 (Figure 1.).

Participants’ failure is also a very important aspect
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Fig. 1. Average grading of the lectures by the participants.

of a medical educational course. Only a bit over
3% of the participants failed to pass, and less than
10% had to retake either the MCQ or the practice
examination. These points to the fact that until
recently, taking the course was not obligatory, thus
all participants were motivated. It is going to be
interesting to see if the failure rate changes with the
course becoming a prerequisite for the orthopedics
& trauma board examination, and possibly for the
emergency medicine board examination as well.
As skills-centered, practice-based, structured
education gains more and more territory in both
undergraduate and graduate medical education, we
hope that we can build on the success of the Hungarian
ATLS program and that these efforts lead to further
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Abstract

Purpose: The aim was to examine the predictive value of hypovolemic shock classification
currently accepted by the Advanced Trauma Life Support (ATLS) program over the previous
one, which used only vital signs (VS) for patient allocation. Primary outcome was 30-day
mortality, as secondary outcome heart rate (HR), systolic blood pressure (SBP), Glasgow Coma
Scale (GCS) and base deficit (BD) data were compared and investigated in terms of mortality
prediction.

Methods: Retrospective analysis at a level | trauma centre between 2014 and 2019. Adult
patients treated by trauma teams were allocated into severity classes (I-1V) based on the criteria
of the current and previous ATLS classifications, respectively. The prognostic values for the
classifications were determined with Fisher’s exact test and Chi-square test for independence;
and compared with two-proportion Z-test. The individual variables were analyzed with receiver
operating characteristic (ROC) analyses.

Results: A total of 156 patients met the inclusion criteria. Mortality was effectively predicted
by both classifications, there was no statistically significant difference between the predictive
performances. According to ROC-analyses, GCS, BD and SBP had significant prognostic
values while HR change was ineffective in this regard.

Conclusions: The currently used ATLS shock classification does not appear to be superior to
the VS-based previous classification. GCS, BD and SBP are useful parameters to predict the
prognosis. Changes in HR do not reflect the clinical course accurately, thus further studies will
be needed to determine the value of this parameter in trauma-associated hypovolemic-

hemorrhagic shock conditions.



Introduction

1.1  Background

Blood loss is one of the leading causes of death, but the most frequent single cause is still
traumatic brain injury (TBI). [1] [2]. Hypovolemic shock is the second main cause of mortality
in trauma patients [3] [4], and the outcome can be improved significantly through early
recognition, intravenous fluid resuscitation and blood transfusions [5]. Currently, the Advanced
Trauma Life Support (ATLS) program provides well-established guidances for early
assessment and initial management of major trauma and suspected hemorrhage by allocating
the patients into severity classes I-1V, respectively [6] [7]. Until recently, the earlier guidance
proposed the use of vital signs (VS) only, including heart rate (HR), systolic blood pressure
(SBP) and Glasgow Coma Scale (GCS) to aid the recognition of shock and estimate blood loss
[8] [9]. However, the predictive value of VS-based classification has been questioned and in
2013, the analysis of the Trauma Register DGU® (Deutsche Gesellschaft fiir Unfallchirurgie)
indicated that the VS-based classification does not reflect the clinical condition accurately.
Therefore, the use of base deficit (BD) as a sole parameter in the classification has been
recommended [10] [11].

BD is a metabolic marker reflecting the acid-base status of the patients and commonly used to
assess hemorrhage and its consequences [12-14]. Several studies have documented its ability to
predict mortality and post-injury transfusion requirements and highlighted its role in the early
assessment of injury severity of trauma patients [11] [15-19]. Therefore, the latest ATLS
recommendation expanded the assessment criteria with the BD value [6]. However, the
specificity of BD for hypovolemia prediction is still questionable, since not only metabolic
acidosis, but other factors such crystalloids (lactated Ringer or saline) can also elevate BD [18].

Furthermore, alcohol or drugs, commonly seen in trauma patients, may also diminish its



predictive accuracy [20] [21]. Besides, it has been demonstrated that patients over 55 years may
have significant injuries and mortality risk without manifest BD alterations [22].

1.2 Objectives

Based on this backround our primary goal was to examine the predictive power of the currently
accepted ATLS classification of hypovolemic shock to confirm or refute the superiority of
VS+BD detection over the previously used (VS only) protocol. For this purpose, we conducted
a retrospective cohort analysis at a level | trauma centre to compare the VS+BD and VS
classifications in terms of their ability to predict mortality. Our secondary goal was to determine
the parameters with strong prognostic possibilities in the early assessment phases of the injured.

Therefore, the predictive values of HR, SBP, GCS and BD were also calculated.



Materials and Methods

1.1  Study design

The present study is a retrospective cohort analysis at a single, level | trauma centre located in
an urban area. The level I qualification is based on national standards regarding the kinds of
resources available and the number of patients admitted yearly. The designation criteria

correspond to United States of America standards.

1.2  Data collection

In the past decades, there were several important changes in emergency trauma guidelines, such
as the paradigm shift in fluid resuscitation and the introduction of tranexamic acid [23] [24].
Taking this into account, we decided to analyze data only from the past 5 years, the data were
collected between 11 July 2014 and 11 September 2019 from the electronic database
(MedSolution) at the University of Szeged. The protocols of emergency trauma care including
massive transfusion protocols at the institution have been in complience with the principles of

ATLS during the whole study period.

1.3 Inclusion criteria

The inclusion criteria consisted of trauma team activation, transport directly from scene, age of
16 years or greater, a detailed documentation including Abbreviated Injury Scale (AIS), Injury
Severity Score (ISS), the accurate mechanism of injury and a complete dataset for HR, SBP,
GCS and BD recorded at presentation. Regarding physiological variables, the values of the first
in-hospital measurements were included and reported. The activation of the trauma team is
based on anatomical and physiological criteria and the mechanism of injury. High-energy
trauma is characterized by high amount of kinetic energy inducing severe tissue damage; and
typically sustained by road traffic accidents, crush or blust injuries, and falling from heights.
The clinical handover between paramedics and emergency department staff follows the MIST

and AMPLE templates (MIST: M — Mechanism of Injury; | — Injuries Sustained; S — Signs; T



— Treatment and Trends in the Vital Signs. AMPLE: A — Allergies; M — Medications; P — Past
Medical History; L — Last Ate; E — Events). The age limit of 16 years was selected according
to the fact that normal values of HR and SBP by adolescents above that age do not differ largely
from the normal values by adults [25] [26].

The recorded variables included the mechanism of injury, the International Statistical
Classification of Diseases and Related Health Problems (ICD) codes, vital parameters (HR,
SBP and GCS) measured by the trauma team at presentation, BD and 30-day survival. Although
prehospital treatment might have influenced the parameters, paramedics use a unified protocol
including guidance regarding the prehospital fluid resuscitation, administration of vasopressors
and opioid analgesics also. Vasopressors have a controversial role in the management of the
severely injured [27] [28]. They are administered mainly to maintain cerebral perfusion pressure
(CPP) in cases of severe TBI and concomitant hemorrhage, where increasing intracranial
pressure (ICP) and decreasing mean arterial pressure (MAP) work simultaneosly against CPP.
Another indication for using vasopressors is the failure of maintaining blood pressure with fluid
resuscitation only [28] [29].

When patients were discharged from the hospital earlier than 30 days, the follow-up was
completed as a part of outpatient care. Patients who received cardiopulmonal resuscitation on
scene or primary survey in another institute were excluded. Additionally, imprecise

documentation and missing variables also entailed exclusion.

1.4  Patient groups

The ATLS does not explicitly declare whether the worst parameter or a combination of all the
parameters should determine the severity class of the patient. Most trauma patients cannot be
allocated correctly to the four ATLS severity classes (I-1V) when a combination of vital
parameters is assessed [8] [10]. Therefore, the participants’ allocation was based on their worst

parameter within the VS and VS+BD criteria. Since the current ATLS shock classification does



not describe exact values for HR, SBP and GCS, we adopted HR values from the previous
ATLS classification and SBP and GCS values from the study of Dunham et al. to make the

criteria objective and transparent [19]. (Table 1)

Table 1. Simplified shock classification using absolute values

1.5  Outcomes

As a primary outcome, we compared the VS and VS+BD classifications with respect to 30-day
mortality, taking the close relationship of the severity of bleeding to the risk for adverse
outcomes into consideration [8] [11] [17] [19] [30].

As a secondary goal, we studied the prognostic potential for the individual parameters (HR,
SBP, GCS and BD, respectively) to be able to determine the strongest and weakest predictive

factors in the initial assessment.

1.6  Statistical analysis

Continuous data were expressed as mean + standard deviation. Categorical data were expressed
as frequency or relative frequency (percentages). Chi-square tests for independence were
performed to test the reationship between VS+BD classification result and outcome of
mortality. The assumption of chi-square test for independence was slightly violated in the
crosstabulation of VS classification result and outcome of mortality, therefore Fisher’s exact
test was used to test the relationship between VS classification result and outcome of mortality.
Two-proportion Z-test was performed to compare the predictive power of the VS and VS+BD
classifications. Binary logistic regression was applied for further analysis between VS+BD
classification result (groups 1, 2 vs groups 3, 4) and outcome of mortality, odds-ratio and 95%
confidence interval for odds-ratio were calculated.

The predictive performance of individual variables was assessed using receiver operating

characteristic (ROC) analysis. Area under ROC curve was calculated for each individual



variable (candidate predictors: GCS, HR, SBP, BD). Hypothesis tests for AUC ROC were
performed and 95% confidence bounds for AUC ROC were calculated with nonparametric
method. A P- value P<0.05 was considered to be statistically significant. All data were analyzed

by using statistical software IBM SPSS 25.0 (IBM Corporation, Chicago, IL, USA).



Results

1.1  Patient population and demographics

A total of 684 patients were admitted to our institution with activation of the trauma team.
Ultimately, 156 participants met our inclusion criteria. The flowchart for patient enrollment is

presented in Figure 1.

Fig. 1. Study flowchart

The mean age of the participants was 49.4 + 20.7 years, and only 26.7% of the patients were
female. The most common mechanisms of injury were road traffic accidents (56.4%) and falls
(29.5%). The most affected body regions were the head and neck (74.4%), thorax (53.9%), and
extremities (48.1%). Due to the fact, that most patients suffered a high energy trauma, multiple
body regions were involved in several cases. The characteristics of the patient population are
shown in Table 2, the distribution of injury mechanisms, affected body regions and clinical

outcomes are demonstrated in Table 3.

Table 2. Patient characteristics

Table 3. Severity and mechanisms of injury, affected body regions, outcomes

1.2 Results of statistical analyses

According to VS, 31.4% of the patients were assigned to class I, 6.4% to class 11, 13.5% to class
I11 and 48.7% to class V. Based on VS+BD criteria, 16.0% of the patients were reallocated to
a higher severity class; however, this change affected mostly the low-risk classes (I and I). 34
patients died within the first 30 days, resulting in a mortality rate of 21.8%. The distribution of

patients and mortality among the classes are shown in Figure 2.

Fig. 2. Distribution of patients (A) and mortality (B) among the severity classes based on VS

and VS+BD



Both the VS and VS+BD classifications showed a strong relation to mortality (chi-square and
Fisher’s exact tests Pvs=0.0001 vs. Pvs+sp=0.000009, respectively). These results are shown in
Tables 4 and 5. According to the two-proportion Z-test, there was no significant difference in

their predictive performance of mortality (P=0.9808).

Table 4. Fisher’s exact test of VS and mortality

Table 5. Chi-square test of VS+BD and mortality

Through a separate analysis of HR, SBP, GCS and BD, we found that GCS has the highest
prognostic power (AUCgscs=0.799, P<0.001; CI [0.722, 0.875]). Derangements in BD and SBP
were significant but weak predictors of mortality (AUCgp=0.683, P=0.001, CI [0.576, 0.790];
AUCsgp=0.633, P=0.018, CI [0.521, 0.744]). HR was found ineffective in prognosis (AUCHr=
0.595, P=0.090, CI [0.480, 0.710]). The results of the ROC analysis with the ROC curves for

the variables are shown in Figure 3.

Fig. 3. ROC analysis of the individual variables

The binary logistic regression analysis confirmed that the risk for mortality increases
massively in the higher severity classes (111 and 1V) as compared to the less severe ones (I and

I1). The results of the analysis are demonstrated in Supplementary Table 1.
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Discussion

1.1  Interpretation of results

This study was designed to investigate the previous, VS-based and the current ATLS
classifications and the prognostic power of the parameters. Both classifications were highly
effective in predicting mortality, with no significant difference between their prognostic values.
Therefore, the superiority of VS+BD over the VS classification could not be confirmed.

Some other findings are also noteworthy, as we have demonstrated that more than 90% of all
deaths were distributed in classes Il and IV. This data underlines the importance of the
threshold between classes Il and 111, where the first derangements in SBP, respiratory rate and
urinary output usually occur [6]. According to other studies, the threshold BD value between
these two classes (6 mmol/L) shows a notable predictive potential for mortality and transfusion
requirements post-injury [16] [22] [31] [32]. 6 mmol/L is also the threshold from where the
administration of blood products is recommended by ATLS [6]. The therapeutic and prognostic
relevance of this point questions the reasonability of dividing trauma patients into four different
severity groups. Additionally, due to the need for rapid decisions in the emergency trauma
setting, the complexity of the ATLS shock classification has already received criticism before
its extension with the BD [33]. Based on our study, combining the less severe classes (I and 1)
and the severe classes (11 and 1V) could be a legitimate option to increase the practicality of
the classification. A pragmatic scale for the assessment of hemorrhage in decision making and
triage may reduce the time from patient arrival to massive transfusion protocol activation and
involvement of the right specialist (e.g.: abdominal surgeon, thoracic surgeon, etc.). Of course,
a simplified classification like this should always be evaluated together with the adjuncts of the
primary survey (e.g.: extended Focused Assessment with Sonography for Trauma (eFAST) and
pelvic X-ray). During the secondary survey, trauma patients could undergo a comprehensive,

detailed assessment to estimate the extent of optimal fluid replacement.
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It is important to note that we investigated ATLS shock classifications as early prognostic tools
in the primary survey, where the exact set of injuries is unknown. We took it into consideration
that the adequate evaluation of TBIs can only be accomplished with computer tomography,
after the primary survey. Therefore, the 23 patients who sustained isolated head injuries were
not excluded from our study.

As a secondary outcome, the predictive values of the individual variables were evaluated. GCS,
BD and SBP showed a significant predictive performance. While GCS displayed a relatively
strong relation to the outcome, the relation was weak for BD and SBP. In our study, BD and
SBP alone did not appear to have a sufficiently high prognostic potential to be the foundation
for the early assessment. According to other studies, SBP is considered to have a poor reliability
in the early assessment, since hypotension usually does not occur until the degree of shock is
profound [3] [34]. Despite of its strong relation to mortality, GCS can be affected by several
factors besides hypotension, such as traumatic brain injury or alcohol intoxication [35].

Of note, HR did not have a significant relation to mortality in our study. Numerous factors such
as anxiety, pain and medication can lead to elevated HR, making the specificity of tachycardia
for hypotension questionable [35] [36]. Increased HR may also be masked via beta blockers
[37] [38] (particularly in combination with Ca?*-channel inhibitors and ACE inhibitors) or
physiological bradycardia [39]. Multiple studies pointed out that HR tends to demonstrate a
biphasic response to bleeding since the patients develop bradycardia as blood loss becomes
profound after initial tachycardia [34] [40] [41]. In our study, the predictive values of the
individual variables showed the following ranking: GCS>BD>SBP>HR. The relevant
differences between the variables suggest that weighing them and using their combination to
allocate trauma patients could potentially increase the accuracy and specificity of the
classification for hemorrhage. However, further research with larger sample size is required to

elaborate such modifications.
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1.2 Limitations

The retrospective nature can be considered as a limitation in itself. Although our cohort analysis
with the given sample size only has limited value as a validation study, it provides original
research information in a controversial topic and highlights potential areas of improvement for
an assessment tool that is mistrusted by several clinicians [8].

With regard to GCS upon admission, the concern emerges whether prehospital intubation had
a major influence on patient allocation. In accordance with the paramedics protocol, on-scene
intubation is indicated in case of GCS<8, which already entails the allocation into class 1V
according to the criteria of shock classification used in our study. Consequently, the distortional
effect of prehospital intubation on our results is not likely.

The use of vasopressors occurred mostly in classes I11-1V, thus having less influence on our
results. The notable amount of excluded patients and our unability to include respiratory rate

and urinary output in the analysis are due to the lack of comprehensive documentation.

1.3 Conclusions

Despite the significant relationship between BD and mortality, the previous and current ATLS
classifications yielded nearly equivalent predictive performances, thereby rendering the added
value of BD to the classification questionable. Undoubtedly, post-injury vital sign values are
continuously changing during trauma care and individual reactions can vary greatly. Despite
these facts, trends may appear in the derangements of physiological variables. In this study, the
capability of individual variables to predict mortality followed the GCS>BD>SBP>HR ranking.
The role of HR in the early assessment of trauma patients may worth reconsideration in further
studies since it does not seem to reflect the clinical condition accurately. Although the ATLS
shock classification is not necessarily a pragmatic scale, it has become taught in more than 60

countries, making an impact on the approach of young clinicians to the initial management of
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the severely injured. Taking these considerations is into account, striving for the further targeted

clicinal investigations and the development of the classification may be advantageous.
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Figure legends

Fig. 1. Study flowchart

The study flowchart illustrates that 684 trauma team activations occurred during the reported
period. After excluding patients who were in cardiac arrest at scene or primary survey in an
other institute, there were 542 patients left. 16 patients with detailed medical record could not
be identified due to the lack of personal data. In 332 cases, there were either missing variables
(HR/SBP/GCS/BD) or ISS, AIS or the accurate mechanism of injury was not recorded. A lack
of 30-day follow up occurred in 38 cases. Ultimately, 156 patients were enrolled in the final

analysis

Fig. 2. Distribution of patients (A) and mortality (B) among the shock severity classes based
on VS and VS+BD

The difference in patient allocation mostly occurred in low-risk classes (I and I1). Diagram A
suggests that BD was not a key parameter in determining the severity class.

Diagram B shows that the vast majority of mortality is located in class IV

Fig. 3 ROC analysis of the individual variables

HR=heart rate, SBP=systolic blood pressure, GCS=Glasgow Coma Scale, BD=base deficit,
AUROC-=area under the receiver operating characteristic curve

ROC curves for the individual parameters. GCS has the largest AUCROC, showing the
superiority of its predictive value over the other variable. A p-value p < 0.05 was considered

to be statistically significant

*P<0.05
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A Szegedi Tudomdnyegyetem, Traumatologiai Klinika' és Sebészeti Miitéttani Intézet®
kozleménye

Figyelemfelhivas magyar polytrauma regiszter inditasara — Egy tomegbaleset
bemutatasa*

DR. CSONKA ENDRE?, DR. TUBOLY ESZTER?, DR. JAVOR PETER!,
DR. VARGA ENDRE!

OSSZEFOGLALAS

Az utobbi évtizedekben a slirgdsségi traumatologia teriiletén elért fejlddés és
paradigmavaltasok orszadgos és nemzetkdzi regiszterek, valamint nagy elemszamu kohortok
elemzésein alapultak. Cikkiink &sszesen 20 személy sériilésével jaro tomegbaleset
bemutatasan és az érintettek kezelése soran nyert adatok elemzésén keresztiil hivja fel a
figyelmet a hazai trauma regiszter inditasanak sziikségességére. A bemutatni kivant
tomegbaleset sériiltjei koziil kivalogattuk a stlyos sériilést szenvedett (Injury Severity Score
>16), helyszinen nem reszuszcitalt, 16. életévet mar betoltott személyeket. Ezen betegeknek a
sériiléstdl szamitott 6. és 72. ordban levett rutin laborparaméterei kigyljtésre keriiltek. A
paraméterek valtozasai, illetve egymassal vald kapcsolatuk Spearman-rangkorrelaciok
segitségével, SigmaStat 12.0 programban keriilt elemzésre. 2017. oktdber 3-an 8 stlyos sériilt
(atlag életkor: 34,85+-2,97; median Injury Severity Score: 31.5 [27.5-37]) érkezett egyidoben
a siirgdsségi osztalyunkra. Szignifikans negativ kapcsolat igazolédott a 6 Orés
fehérvérsejtszam €s a 72 orés kreatinin szint k6zott (rs=-0,949; p=0,0167), valamint a 6 6ras
trombocitaszam €s a 72 drés kreatinin szint kozott (rs=0,876; p=0,0833). Hat és 72 oraval a
sériilés utdn mért rutin laborparamétereknek a két mintavétel kozott eltelt idéintervallumban
vald valtozéasat vizsgéalva a kreatinin, fehérvérsejt-és trombocitaszam mutattak szignifikans
valtozast. Stlyos sériilés utan 6 és 72 oraval mért kreatinin, fehérvérsejt-és trombocitaszamok
kombinacioban vizsgalva prediktiv értékkel birhatnak a kezelés kimenetelére. Uj
prognosztikus faktorok feltarasaban egy esetleiras erdsen korlatozott értékkel bir,
véleménylink szerint eredményeink igazoldsahoz és a hazai traumatologiai kutatds tovabbi
fejlodéséhez egy magyar trauma regiszter elinditasa lenne sziikséges.

Kulcsszavak: polytrauma, tomegbaleset, regiszterek, szisztémas gyulladasos immunvalasz
szindroma, tobbszervi elégtelenség

E. Csonka, E. Tuboly, P. Javor, E. Varga: Need for a national trauma registry — Presentation
of a mass casualty

In the past decades, the development and paradigm shifts of trauma care were based on
national and international registry and large cohort analyzes. The present study underlines the
need for a Hungarian trauma registry through the presentation and analysis of a mass casualty
with 20 injured people. Severely injured (Injury Severity Score >16), adult (>16 years of age)
patients who did not receive cardiopulmonal resuscitation on scene, were selected. 6-and 72-
hour post-injury routine labor parameters were collected retrospectively. The changes and
associations of the parameter were analyzed with Spearman rank correlation tests in
SigmaStat 12 software. On the 3™ October 2017, 8 severely injured patients (mean age:
34,85+-2,97, median Injury Severity Score: 31.5 [27.5-37]) arrived to our Emergency
Department at the same time. Our statistical analysis revealed a significant negative



relationship between white blood cell count at 6 hours and blood creatinine level at 72 hours
(rs=-0.949; p=0.0167) and between platelet count at 6 hours and creatinine at 72 hours (rs=
0,876;p=0,0833). The combination of these associations might have a predictive value for the
outcome. Creatinine, white blood cell and platelet counts showed significant changes when
their values at 6 and 72 hours were compared. The associations of creatinine levels, white
blood cell and platelet counts measured at 6 and 72 hours post-injury might have a predictive
value for the outcome in severe trauma. A case study has strong limitations in revealing new
prognostic factors, therefore the establishment of a national trauma registry is required in
order to validate our results and foster the development of Hungarian trauma research.

Keywords: polytrauma, mass casualty incidents, registries, systemic immune response
syndrome, multiple organ failure

BEVEZETES

A stlyos sériiltek (ISS >16) vizsgalata és kezelése manapsag is az egészségiigyi
ellatorendszerek kiemelten fontos feladata, hiszen zomében fiatalokat érint, és napjainkban is
magas halalozéassal jar (6, 7). A stlyos trauma utani els6 napot talélok nagy szdmban
érintettek posztoperativ szovodmények 4altal és nagy kockazattiak a gyulladasos szervi
diszfunkcidval jaro korallapotokra, szisztémas gyulladasos immunvalasz szindromara (SIRS),
szepszisre ¢€s szervi elégtelenségekre nézve (2, 3, 15). Ezen betegpopulacio terapiaja
rendkiviil koltséges €és iddigényes, atlagosan 2 hét intenziv osztalyos (ITO) ellatassal és
elhuz6do rehabilitacios idovel jar (9). Habar a sulyos sériilések kovetkezményeinek
tarsadalmi jelent0sége vitathatatlan, az alkalmazott diagnosztikai és ellatasi stratégidk még
napjainkban is relative kevés tudomanyos evindencidval vannak alatdmasztva. Az utdbbi
évtizedekben, a siirgdsségi traumatologia teriiletén elért fejlodés és paradigmavaltasok
orszagos €s nemzetkdzi regiszterek, valamint nagy elemszamu kohortok elemzésein alapultak
(13, 14, 16). Az egységes célbol és modon, strukturaltan gylijtott nagymennyiségli adat
nyujtotta lehetdségeket felismerve a trauma regiszterek hasznalata Nyugat-Europaban egyre
elterjedtebbé valt, és egy Egyesitett Europai Trauma Regiszter koncepcidja is megsziiletett
(5). Tekintve, hogy régidonkban nem mikodik trauma regiszter, rendkiviil nagyszamu
tudomanyos adat marad feldolgozatlanul. Egy polytrauma regiszter szamos lehetoséget nyitna
meg a hazai klinikusok szamara, emellett a magyar traumatologiai ellatds magas szinvonala
azt is lehetové tenné, hogy regiszteriink a jovoben egy eurdpai szintli kollaboracid része
lehessen.

Jelen cikkiink egy tomegbaleset bemutatasan és elemzésén keresztiil hivatott felhivni a
figyelmet hazai polytrauma regiszter sziikségességére.

ANYAG ES MODSZER

Etikai engedély
A vizsgélat a Helsinki Egyezmény értelmében, a Szegedi Tudomanyegyetem Orvos
Etikai Bizottsaganak engedélyével zajlott, az alabbi referenciaszdmmal: 182/2019-SZTE.

Esetkivalasztas, adatgyiijtés

Jelen cikkiink olyan tomegbalesetet mutat be, mely soran tobb személy is sulyos
sériiléseket szenvedett (ISS>16), azonban nem igényelt kardiopulmonalis reszuszcitaciot a
helyszinen. A minddssze konnyli sériiléseket szerzett, valamint a 16. életévet be nem toltott



sériiltek kizarasra keriiltek a vizsgalatbol. Az SZTE Traumatologiai Klinikan kiviil, egyéb
intézményben elsé ellatasra keriilt sériilteket szintén kizartuk elemzésiinkbdl. A betegek
demografiai adatai, ISS-e, 6 és 72 oOraval a baleset elszenvedése levett laborparaméterei
(bazisdeficit/tobblet, laktat, fehérvérsejtszam (WBC), trombocitaszdm (PLT), kreatinin,
bilirubin, AST, ALT, GGT), illetve mortalitdsuk retrospektiven, Med-Solution rendszerbdl
keriilt kigytijtésre, excel adattablaban.

Statisztikai analizis

A kinyert betegadatok statisztikai programban (Sigma Stat 12.0) kertiltek elemzésre. A
demografiai adatokbol deskriptiv statisztika késziilt. A felvett laborparaméterek kozotti
linearis kapcsolatok feltarasara Spearman-korrelaciot, a 6 és 72 oras laboreredmények
0sszehasonlitdsara Wilcoxon-probat hasznaltunk.

EREDMENYEK

Esetbemutatds

2017. oktober 3-a4n egy 7-személyes mikrobusz a hatosagok eldl nagy sebességgel
menekiilve letért az Utrol, felborult, majd tobbszor atfordult. Az atalakitott, utastilések nélkiili
7 személyes jarmiiben a soféron kiviil 19 személy utazott, koztik 3 gyerek. Az éjszakai
orakra valo tekintettel 1égi mentés nem volt elérhetd. A f6ldi mentdegységek 2 utast a jarmi
ala szorulva talaltak. 1 utas a helyszinen az életét vesztette, 2 személyen kritikus allapotuk
miatt helyszini tjraélesztést kellett kezdeni, 9 sulyos, 8 utas pedig konnyebb sériiléseket
szenvedett. A 9 stlyos sériiltb6l 2 még nem toltotte be a 16. életévét, 1 személyt pedig
els6ként nem a SZTE Traumatolégiai Klinikara szallitottak a mentdegységek. Mindezek
kovetkeztében 6 paciens keriilt bevonasra analizisiinkbe (7. abra).

A helyszinen minden sériiltnél periférias vénabiztositas, intravénas fajdalomcsillapitas,
valamint krisztalloid infazi6 bekotése tortént, a nyaki gerinc €s a sériilt végtagok rogzitése
mellett. Egy beteget intubalva, 1élegeztetve szallitottak, a tObbi sériilt arcmaszkon keresztiil
100% O- szupplementacidval keriilt szallitasra. Az atlagos szallitasi id6 az elhuzodd miiszaki
mentés miatt 111+28,61 perc volt.

Az SZTE Traumatologiai Klinika betegei ATLS protokoll szerint keriiltek ellatasra,
klinikdnk bazisa a magyarorszagi ATLS tanfolyamoknak, a legtobb kollégank és a
tarsszakmak képviseldi is nagy szamban végezték el kurzusainkat. A sériiltek triage beosztasa
dontotte el, melyik team latja el sériiléseit. Minden team egy traumatologusbol (C, E doktor),
egy aneszteziologusbol (A, B, D doktor), egy traumas ndévérbdl és egy aneszteziologus
asszisztensbdl allt. A két kiskora sériilt stabilizalast és masodlagos allapotfelmérést kovetden
a gyermekklinika Gyereksebészeti Osztalyara keriilt. Két feln6tt személy az ITO-ra, majd
miitébe keriilt, egy non-responder sériiltet pedig azonnal miitébe szallitottak, ahol azonban
¢letét vesztette. Minden beavatkozds a damage controll surgery szellemében tortént, a
toréseket elsddlegesen fixateur externe-nel rogzitettiik. Egy sériilt intrakranialis vérzését
idegsebész latta el.

A seriiltek demogrdfidja és laborparaméterei

2017. oktober 3-an 8 személy, 6 felnbtt és két kisgyermek érkezett egyszerre a SZTE
Stirgdsségi  Betegellatd Osztalyara tobbszords torésekkel és tompa testiiregi traumds
sériilésekkel. A felnéttek atlag életkora 34.8542.97 év, median ISS-ja 31.5 [27.5-37] volt. A
tomegbaleset kovetkezményeként az intézetiinkben kezelt sériiltek koziil egyetlen személy
hunyt el (1. tablazat).



Statisztikai vizsgalatok eredménye

A 6 6ras WBC és a 72 6ras kreatinin szint kozott (rs=-0,949; p=0,0167), valamint a 6
oras PLT és a 72 o6ras kreatinin szint kozott (rs=0,876; p=0,0833) szignifikdns negativ
korrelacio igazolodott, ezen valtozasoknak lehet prediktiv ereje kombinacioban vizsgalva (2.
dbra).

A 6 és 72 oraval a sériilés utan mért rutin laborparamétereknek a két mintavétel kdzott
eltelt idéintervallumban vald valtozéasat vizsgalva a PLT, WBC és kreatinin szintek mutattak
szignifikans valtozast (2. dbra).

MEGBESZELES

Eredmények interpretalasa

Jelen cikkiink olyan tomegbalesetet mutat be, amelyben Gsszesen 20 személy volt
érintett. A sulyos sériiltek kezelése sordn nyert adatok elemzésre keriiltek. Vizsgalataink a
sériilés utan 6 és 72 oraval levett rutin laborparaméterek valtozasainak dinamikajat, illetve
egymassal valo kapcsolatat céloztak meg a kezelés kimenetelére nézve potencidlisan prediktiv
értékkel bird, Uj osszefliggések kimutatasa céljabol.

A szakirodalomban jo6l dokumentalt tény, hogy jelentds sériilések utan a szdveti
karosodas erds immunmodulator hatasi markerei szabadulnak fel, olyan hiperakut
gyulladaskeltd citokinekkel mint a tumor nekrézis faktor-a (TNF-a) és interleukin 1B, (IL-
1B). A citokin felszabadulas Toll-like receptorok (TLR) aktivacidjat okozza 1-2 oraval
keésobb (10). Ezt a folyamatot a legjobban tetten érni kozvetleniil a baleset utan lehetne, egy
helyszini vérvétellel. A korai, szubakut citokinek (IL-6, IL-8, és IL-12, IL-18), valamint
kemokinek ¢és leukocita migraciés faktorok felszabaduldsa polimorfonuklearis sejt
talaktivalodast és reaktiv oxigén gyokok (ROS) képzédését okozza, melyek sulyosan
befolyasoljak a sériilés, illetve a kezelés kimenetelét (9). A fenti reakcidk csiicsa a sériiléstol
szamitott 4 ¢és 12 ora kozott van (1, 11), igy 6 6raval a trauma utan torténd mintavétel ezen
korai fazis vizsgalataira megfelelonek tiinik. Széles korben elfogadott, hogy a korai
nagymértékii pro-inflammatorikus és a késébbi anti-inflammatorikus folyamatok képesek
egymast facilitalni, destruktiv immunologiai disszonanciat fenntartva (2). Ez nagyon sulyos
kovetkezményekhez, SIRS-hez, tobbszervi elégtelenséghez (MOF) vezethet az els6 72 6raban
(4). Mintavételeinket azért iddzitettiik 6 €s 72 oraval a sériilés utan, hogy a laborparaméterek
valtozasat a fent leirt fazisokban vizsgalhassuk.

Vizsgalatunkban a 6 6ras WBC és a 72 oras kreatinin szint k6zott, valamint a 6 Oras
PLT és a 72 o6rés kreatinin szint kozott szignifikdns negativ kapcsolat igazolodott, ezen
valtozasoknak lehet prediktiv ereje kombinacioban vizsgélva. Szemléltettiik, hogy egyetlen
baleset elemzése hipotézisek felallitasara ugyan alkalmas mennyiségli, azonban egyértelmii
kovetkeztetések levonasahoz kevés, illetve korlatozott értékii tudomanyos informéciot
szolgaltathat. Tudomanyos hipotézisek validdldsdhoz nagy mennyiségli, egységes célbdl és
modon, strukturdltan gylijtott adatokra van sziikség, melyre megolddst egy hazai trauma
regiszter elinditdsa szolgalhatna. A trauma regiszterek tartalmazzdk a sériiltek demografiai
adatait, a sériilés koriilményeit, prehospitalis ellatast és transzportot, az elsd intézeti ellatas
beavatkozésait, a sériilések anatomiai leirdsat, fiziologiai paramétereket, szovodményeket és a
kimenetelt. Fontos és gylijtendd adat a megelézd betegségek szerepeltetése, amelyek a kortol
¢s a sériilések stlyossagatol fliggetleniil is befolydsoljdk a kimenetelt. A j61 dokumentalt
regiszter tartalmazza a laborértékeket is, amelyek el6vetithetnek riziko faktorokat és
masodlagos triggereket nem kivanatos események bekovetkeztéhez, ugyanakkor alkalmasak
tudomanyos riziké felmérésre, algoritmus alapli prediktiv informaciokat adhatnak a
kimenetelre. Fontos, hogy jo leirast adjon a helyi populacidérol, nemzeti regiszterként



illeszkedve a nagyobb, dsszehasonlito regiszterekhez, és lehetdséget adjon a hasonlosagok és
kiilonbozdségek megfigyeléséhez.

Kovetkeztetés
A jelenlegi esetleiras és tanulmany a jol dokumentdlt, klinikailag €s tudomanyosan

atlathat6é adatbazisok fontossagat hangstulyozza. Sulyos sériiltek (ISS >16) esetében, a kezelés
6. és 72. 6rajaban mért laborparaméterek kombinacioinak vizsgalata, ezen beliil is a WBC,
PLT és kreatinin értékek egymassal valo 0sszefliggései prediktiv értékkel birhatnak a kezelés
kimenetelére nézve. Uj prognosztikus faktorok feltirasiban egy esetleiras erésen korlatozott
értékkel bir, igy eredményeink validdlasdhoz, ¢és a hazai traumatologiai kutatds tovabbi
fejlodéséhez egy magyar trauma regiszter elinditasa lenne sziikséges.
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TABLAZAT, ABRAK

Demografia és mortalitas
Eletkor &tlag + SD 34.85 +2.97
Férfi nem % 83.44
ISS 36.83+14.93
ISS median [IQR] 31.5[27.5-37]
Mortalitas (%) 16.66
e A 6 6raval ? sériilés 72 6réva|la sériilés
utan utan
Bazisfelesleg/tobblet (mmol/I) -2.13+2.90 0.47 +3.09
Laktat (mmol/I) 3.23+1.50 1.27 £ 0.67
WBC (G/L) 18.69 + 6.22 7.56 £ 0.91*
PLT (G/L) 251.83 £ 80.99 126.00 £ 19.15*
Kreatinin (umol/l) 88.00 + 13.58 63.5 +5.97*
Bilirubin (umol/I) 10.34 +1.32 24.73 +17.51
AST (U/1) 79.4 £ 20.05 70.33 + 26.57
ALT (U/I) 64.4+22.26 51.33+34.36
GGT (U/1) 29.6+£18.42 19.67 + 14.22
*P>0.05
|. tablazat

A sériiltek demografiai adatai €s laborparaméterei
Az analizishez kivalasztott feln6tt sériiltek atlag életkora 34.85+2.97 év, median ISS-ja 31.5
[27.5-37] volt. Egyetlen halaleset tortént, 16.66%-0s mortalitasi ratat eredményezve.



Osszes sériilt
n=20

a helyszinen életét
vesztette
n=1

helyszini jraélesztés
n=2

\ 4
stlyos sériiltek
n=9

konnyii sériiltek
n=8

16. életévet nem
toltotték be
n=2

A 4

elso ellatast masik
intézményben kaptak
n=1

sulyos sériilést szenvedett felnottek. akik elso
ellatast a SZTE Traumatologiai Klinikan
kaptak
n=6

1. abra
Betegek bevalogatédsa az analizisbe

A bemutatni kivant tdmegbalesetben 20 személy sériilt. 1 ember a helyszinen életét vesztette.
2 személyen a mentdegységek a helyszinen jraélesztést kezdtek, 8-an pedig csak konnyebb
sériiléseket (ISS <16) szenvedtek, igy kizarasra keriiltek az analizisbol. A fennmarado 9
sulyos sériilt (ISS >16) koziil 2-en még nem toltottek be 16. életéviiket, 1 személyt pedig a
ment6k egy masik vidéki korhazba szallitottak els6 ellatasra. Végiil 6 személy adatai keriiltek

elemzésre.
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2. abra

Szignifikans kapcsolatok a 6 és 72 6rés laborparaméterek kozott

A 6 6ras WBC és a 72 oras kreatinin szint kozott (rs=-0,949; p=0,0167) (2A), valamint a 6
oras PLT és a 72 oras kreatinin szint kozott (rs=0,876; p=0,0833) (2B) szignifikans negativ
kapcsolat igazolodott.



