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ABSTRACT

Globally, injury deaths among children are increasing year-by-year, even though these are
preventable. The injury prediction score has been used as a tool to aid in the decision making for
managing injured patients. However, previous prediction scores have shown many limitations and only
a few were specific to children. This study aimed to develop and validate a pediatric injury severity risk
prediction model in Thai children and compare it with pre-existing scores.

A cross-sectional study consisting of the derivative and validated phases was conducted from April
2010 to October 2012. The data, which was collected from 34 collaborating hospitals, was used to

derive and validate the risk prediction model for pediatric injury. A total 43,516 injured children (aged O-
18 years) who used emergency services were enrolled. Fifteen predictive variables were considered to
include in the risk prediction model of death. Logistic regression was applied to derive the model. The
calibrated and discriminative performances were assessed using the observed per expected ratio
(O/E) and concordance statistic (C-statistic).

For the derived phases, injury death was 1.7% (95% ci: 1.57-1.82). The ten predictors: age, airway
intervention, physical mechanism of injury, injured body regions (head-neck, thoracic, and abdominal
regions), GCS, systolic blood pressure, pulse rate, and respiratory rate were significantly associated
with death and were kept in the final model. The O/E ratio and the C-statistic were 0.86 (95% ci: 0.70-
1.02) and 0.938 (95% ci: 0.929-0.947), respectively. The coefficients derived from logic regression of
the significant variables were used to create a scoring scheme and were classified into four risk
classifications with respective likelihood ratios of 1.26 (95% ci: 1.25-1.27),2.45 (95% c1: 2.42-2.52), and
4.72 (95% c1: 4.57-4.88) for low, intermediate, and high risk of death.

The internal validation was done by 200-repetition bootstrap technique and showed a good
performance with a very small bias for calibration of 0.002 (95 % ci: 0.0005-0.003) and C-statistic of

0.938 (95% c1: 0.926-0.952). A comparison of our model's performances with previous pediatric injury
models demonstrated a higher discriminative performance than those which were predicted by Tepas,
Tepas & Ramenofsky, Rosso, and pediatric poly-trauma scores which were 0.876 (95% ci: 0.862-
0.891), 0.876 (95% ci. 0.861-0.891), 0.893 (95% ci: 0.879-0.908) and 0.874 (95% ci: 0.860-0.888),
respectively.

We developed a successful simplified risk prediction score of Thai pediatric injury with satisfactory
calibrated and discriminative performances which was better than previous pediatric prediction scores.
It is a promising tool for evaluation of injured children in ER settings and needs further external
validation.

KEY WORDS: CALIBRATION / C-STATISTIC /LOGISTIC REGRESSION / PEDIATRC TRAUMA AND INJURY
SCORE /VALIDATION
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EXECUTIVE SUMMRY

This research aimed to develop of pediatric trauma and injury severity score and
national registry of pediatric injury, Thailand. The working group called Thai task force of
Pediatrics Injury was created and collaborated to design an optimized database which aim to
develop prediction score of death. The cross-sectional study was conducted based on
amount of injured children 43,516 cases across countries via 34 collaborating hospital
distribute coverage all of region and stratified by trauma level care. The period of study was
from April 2010 to October 2012. The univariate and multivariate analyses and multiple
logistic regression analysis were used to select the significant factors related with death
outcome among injured children. A risk prediction model was derived using a logistic
regression analysis that included 15 predictors. Model performance was assessed using the
concordance statistic (C-statistic) and the observed per expected (O/E) ratio. Internal
validation of the model was performed using a 200-repetition bootstrap analysis.

The variable and outcome measures death related to injury or trauma within 30 days.
The six domains of predictive variables were collected which were Demographic and general
data including age, sex, weight, height, occupation, and geographic region, Pre-hospital data
were transport types and duration, prior communication, and trauma care level. Mechanism
of injury including surgical perspective mechanism (i.e., blunt, penetrating, or both) and
physiological mechanism (i.e., gravity related injury, velocity related injury, or both), Trauma
related injury regions including brain and head/neck, face, thorax, abdomen, upper or lower
extremities and external soft tissue injury, the airway management which were intervention,
airway adjuncts (e.g., oxygen supplementation and positive ambulatory bag, etc.), GCS and
vital signs including GCS, Pulse rate (PR), Systolic blood pressure (SBP) and respiratory rate
(RR)

The primary data analyses were Mean and standard deviation (SD) were used to
describe continuous variables if data were normal distribution, otherwise median and ranges
were used. Frequency and percentage were used to describe categorical data. An overall
death rate along with its 95% confidence interval (95% Cl) was estimated. Data analysis
consisted of 2 phases as follows; Derivation phase, the 21 independent variables were
included in a data set that was used to develop risk prediction of death. A simple logistic
regression analysis was used to evaluate the association between mortality and each of the
variables. Variables with a p-value < 0.10 were included in a multivariate logistic model. The
likelihood ratio (LR) test with backward elimination of variables was used to determine the
most parsimonious model. Calibration and discrimination performance of the final model
was then assessed. For calibration performance, a goodness of fit of the final model was
assessed using the Hosmer-Lemeshow test. A ratio of observed to expected values (O/E) was
also estimated. A receiver operating characteristic curve (ROC) analysis was used to estimate



discriminative performance, and the C-statistic was estimated. The coefficients of the
variables included in the final model were used to create scoring schemes. Total scores were
calculated by summing the coefficients of all significant variables. The ROC analysis was
applied to calibrate score cut-offs by estimating a likelihood ratio positive (LR+) for each
distinct score cut-off. The prediction scores were then classified into risk stratification for
ease of application in clinical practice. Validation phase, because the death rate was quite
low, all data were included in the 200-repetition bootstrap model used for internal
validation. For each sample, the final logistic model resulting from the derivation phase was
constructed, and parameters (i.e. predicted probability and the C-statistic) were estimated.
Correlations between the observed and predicted values were assessed using the Somer’D
correlation statistic (D boot). Model calibration was then assessed using D orig-D boot,
where D orig was the Somer’D correlation obtained from the derived data. A value close to 0
implied an optimistic calibration. Discrimination was also assessed by comparing the C-
statistics results of the original model with the bootstrap modelling results. Score
performance was compared with the pre-existing PTSs using ROC curve analysis. Net
reclassification improvement (NRI) and integrated discrimination improvement (IDI) statistics
were also applied. These measures allowed us to analyze benefit gains and losses when using
our prediction scores compared with the PTSs scores. All analyses were performed using
STATA 12.0 software (College Station, TX, USA). A P-value <0.05 was considered to be
statistically significant.

The results, death occurred in 1.7% of the injured children (95% confidence interval
[95% Cl]: 1.57-1.82). Ten predictors (i.e., age, airway intervention, physical injury
mechanism, three injured body regions, the Glasgow Coma Scale, and three vital signs) were
significantly associated with death. The C-statistic and the O/E ratio were 0.938 (95% Cl:
0.929-0.947) and 0.86 (95% Cl: 0.70-1.02), respectively. The scoring scheme classified three
risk stratifications with respective likelihood ratios of 1.26 (95% Cl: 1.25-1.27), 2.45 (95% Cl:
2.42-2.52), and 4.72 (95% Cl. 4.57-4.88) for low, intermediate, and high risks of death.
Internal validation showed good model performance (C-statistic = 0.938, 95% Cl: 0.926—
0.952) and a small calibration bias of 0.002 (95% Cl: 0.0005—-0.003).

Conclusions, finally we developed and validated (internal and external validation) a
simplified Thai pediatric injury death prediction score with satisfactory calibrated and
discriminative performance in emergency room settings, and also create a Pediatric Injury
Surveillance Database as a networking among the 34 collaborated sites integrated with their
work and reports. This database could be useful for the future such as aspect of prehospital
care, special injury e.g. child abuse, sexually abuse, objects related injury issue as western
countries were interest, or invent a easy tool through an electronic equipment( smart phone,
tablet, transfer computer) can aid of quick usage guide the physicians, paramedics or
healthcare provider in emergency services system to optimize care of injured child in future
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INTRODUCTION

The global injury problem among children is increasing year-by-year although it is
preventable. Injuries are still a major problem since they were the first rank cause of death in
children reported by the Centre of Disease Control and prevention (CDC) in 2003 (1). In addition, they
were the second common causes which brought children to visit an emergency department (2).
Although the mortality rate trends to decrease in developed countries (e.g., Sweden, Japan, and the
United States) due to improvement of trauma care quality and injury prevention policies (3-5), there
is no decreasing trend in developing countries particularly in South East Asia. In Thailand, they
accounted for nearly a half of all cause of deaths since the last decade (6) and the trends were
decreased, but still accounted for nearly 25% of total death as for the annual reports for causes of
deaths in Thai children aged < 15 years by the Ministry of Public Health (7). The mortality rates
caused by accident and poisoning, suicide-homicide, and other injury categories during 20022006
were 25.7, 24.7, 27.3, 25.3, and 25.6 per 100,000 populations. These rates were similar to the most
recent report by the UNICEF 2008 (8) in which the mortality rate was 23.7/100,000 population.

The trauma care system in Thailand has been developed and revised in order to improve
the quality of care, reduce morbidity, disability, and mortality, and also reduce the cost of treatments
from acute and chronic morbidities after injuries (9-11). With very much concern by the government,
human resources (e.g., emergency care team), advanced modality of treatments, and some
prevention strategies have been adopted to reduce injuries (12-14). For the human resource,
specialty training of emergency of medicine in Thailand has been developed since 2004 in order to
increase the number of emergency physicians across the country. In addition, the emergency care

system has also been standardized to improve the quality of care.

Once children are injured, their lives are threatened and several factors are associated
with their survivals. These factors can be children’s characteristics (e.g., age gender, weight,
underlying disease), pre-hospital factors (e.g., mechanism of injuries, anatomic injured region, cause
of injuries, type and duration of transportation, first aids, etc.), and hospital factors (e.g., type of
trauma center, trauma care team, quality of emergency care, patient's physiologic reserve at arrival).
These factors have been studied and used to develop clinical prediction scores to predict injury

severity and survival probability. The scores should be helpful for emergency physicians and team in



prioritizing needs of treatment management of injured children particularly in limited resource
setting. Proper managements include type of trauma center, physician and team, and treatment
interventions should be allocated according to the probability of survival. In addition, the scores
should also guide whether children require to be hospitalized. As a result, poor outcomes from

injured children (e.g., morbidity, disability, and mortality) should be decreased.

The most well know clinical prediction score in trauma is the trauma injury severity score
(TRISS) (15). The score has been built by fitting the revised trauma score (RTS) and injury severity
score (ISS) into the logit equation, in which the outcome variable was death (16-18). Since the score
was developed using majorly adult subjects (~¥90%), the score’s performances in children in term of
calibration (reproducibility) and discrimination are still in doubt (19-20) since the physiologic
reference ranges used for creating the RTS scores were adults’ references. In addition, age was
categorized as 55 years or older and thus applying this to children will result in no age effect.
Therefore, the TRISS score was later modified and revised for children, called the Pediatric age-
adjusted TRISS score (PAAT), by replacing the RTS with an age-specific pediatric trauma score (ASPTS)

in the equation (21).

Although the PAAT score’s performance in the original population was good, the score
has some limitations as follows: the score has not been externally validated and thus validity for
applying the score to different populations and countries is of concern. Survival probability in
children age < 15 years is assumedly the same and thus age has been ignored in the equation. Four
variables, which were Glasgow coma score (GCS), systolic blood pressure (SBP), pulse rate (PR), and
respiratory rate (RR) were used in the ASPTS calculation. The SBP, PR, and RR were then categorized
using their distribution mean and standard deviations (SD) and then coded 0, 1, 2, and 3, in which the
lower code reflected abnormal values. In assigning coding for these variables much depended on
each individual variable’s distribution and thus could not be easily to applied to an individual patient
in different population. The GCS was assessed based on three components (i.e., eye, verbal, and
motor responses) and ranged from 0 to 15. This was also categorized into four groups and coded as
0, 1, 2, and 3. The codes for all variables were included in the PAAT equation as ordinal data and used
the same weight for each variable, which might not be realistic. For instance, severe hypotension
might be far worse than normal SBP and so the survival probability of this group might not be 3 x
weight times lower than the normal group. The full components of GCS might also be the problem in

assessment particularly in the verbal component, which was difficult to assess in children and or



intubation. Recently, simplified to only one component (e.g. motor) may be used instead of the full

GCS if the prediction performances are still good (22-25).

Another component considered in the PAAT equation was the ISS score. This score
reflects anatomical severity, which was calculated by summing scores of the three most severely
injured regions considering only one injured region out of six body regions (26). As a result, multiple
injuries in the same body region are not considered, and so might not represent overall injured
severities. The new injury severity score (NISS), calculated by summing the severity scores of the
three most severe injuries regardless of body regions, has been developed and yielded better
performance than the ISS and should be used instead off the 1SS (27-28). However, the NISS did not

consider the body-region effects, which were different severity by body regions.

An alternative for development of a clinical prediction equation is dealing with relevant
variables by including original variables individually into the model rather than including them as
scores (29). For instance, SBP, RR, PR, and GCS should be included in the equation rather than
including the ASPTS score. This method is better since some individual variables may not be
significantly associated with survival and thus should not be considered in the final score equation.
Also the proper weight for each individual variable and its category can be estimated using

coefficients of the logit model rather than simply assigning codes as 0, 1, 2, or 3.

The Pediatric trauma score (PTS) was importantly one of the injury prediction scores that
seemed to have been properly implemented and had more specificity for children injuries than TRISS.
It was also specifically designed for triage of the child with traumatic injury, which included
management aspects such as suggestion to transfer. It correlated well with injury severity, mortality,
resource utilization, and the need for transport to a pediatric center. It was calculated as the sum of
six measures parameters such as weight, airway, systolic blood pressure (SBP), consciousness,
fracture and wound. However, the score was poor performed in liver and spleen injuries in children
with isolated blunt abdominal trauma because the model did not consider body regions (30-31).
Because PTS was mostly specific to children, PTS was studied and various appropriate cut-offs were

applied based on the previous variables, and assigned codes.

Tepas 1987 (32) had modified the original PTS by assign grading from -1, 1 and 2 (-1:
major or immediate life threatening, 1: minor or potentially major injury, and 2: minimal or no injury)
for each of six determinants. This was complied with standard advanced trauma life support protocol

and thereby provided the quick assessment objectives which mandated not only accurate initial



assessment, but also appropriated those differences of physiology which affected the potential of
mortality. This suggested that the PTS of 6 or lower would increase risk of death as well as morbidity,
and PTS less than 2 was definitely death. The PTS has been later calibrated the cutoffs of the score by
Tepas & Ramenofsky 1988 (33) , Rosso 2012 (34, 34).

As for those mentioned reasons, addition with some other important variables (e.g.,
duration of transportation, type of injuries, pre-hospital airway management, trauma body regions,
etcetera) have not been considered in previous scores but these might be important in our setting.

This study was therefore conducted with the following research questions and objectives.

1.1 Research Question

- What variables were significantly associated with mortality in Pediatric trauma
and injury?

- What variables should be contained in the simplified risk prediction score of death?

- Did our risk prediction score have better performances than previous pediatric injury

scores, such as the original and modified PTSs?
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PART Il
OBJECTIVES

Primary Objectives

- To develop a simplified Thai-Pediatric trauma and injury score of death
- To assess the Thai-Pediatric trauma and injury score’s performances

- To internally validate the Thai-Pediatric trauma and injury score

- To create scoring scheme of the Thai-Pediatric trauma and injury score

- To calibrate the Thai-Pediatric trauma and injury score cutoffs and stratify risk

classification accordingly

Secondary Objective

- To compare our developed score’s performance with original and modified PTSs
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PART III
LITERATURE REVIEW

3.1 Burden of injury and trauma in children

In the past decade, pediatric injury and trauma has become a leading cause of morbidity
and mortality in Thailand, as well as in other developed and developing countries. It is one of the
most important causes of premature death, and represents 50% of all causes of deaths in children
when correlated with infectious disease and other non-communicable diseases. The death rate from
injury has fluctuated between 30% and 53% of total deaths in Thai children aged < 15 years as
reported by the Bureau of Policy and Strategy, Ministry of Public Health, 2003-2007 (35). The injury
death is one of the problems in Burden of Diseases that we need to prevent and improve quality of
care, such as improved facilities of trauma care, and establish an injury surveillance system not only
adults but also in children. From the Ministry of Public Health statistics, we found the mortality rate
of children 0-19 years was 18.4 percent of total deaths in all age groups (7). As a result, many
strategies had been developed to decrease mortality and morbidity from injury and trauma in

children.

3.2 Concepts of injury severity score

Injury prediction score is an established medical score to assess trauma severity in
aspects of mortality, morbidity and/or hospitalization time after trauma. The score is intended to give
an accurate prediction which represents the patient's degree of severity of iliness by integrating
several important denominators (e.g., age, sex, injury types, injury mechanisms, co-morbidity, and
etcetera) with a trustworthy statistical model. In fact, achieving this degree of accuracy might be
unrealistic, and needed information is always lost in the process of score development. As a result,
despite a myriad of scoring systems having been proposed, all of the previously useful injury
prediction scores have both advantages and disadvantages. Part of the reason for such inaccuracy is
the inherent anatomic and physiologic differences that exist between patients, age, sex, type, pre-
existing or comorbidity of illness, mechanisms of injury and others. In order to improve accuracy to
estimate patient outcome, we need to accurately quantify the patient's anatomic injury, physiologic
injury, and any pre-existing medical problems, which might be impact on the patient's physiologic

reserve and ability to respond to the stress of the injuries sustained.
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Since 1987, Boyd (15) and Champion (16-18) have demonstrated and subsequently
revised the predictive capacity of any model that increased accuracy by the inclusion of additional

relevant information in the development of the TRISS.

Today, despite unreliability issues of this score which have been reported, this
methodology is still commonly used as a standard of injury prediction score. It derived from
combining between anatomical and physiological grading of injury severity (Injury Severity Score-ISS

and Revised Trauma Score-RTS) with patient age in order to predict outcome of survival from trauma.

3.3 Pre-existing injury severity scores in children

3.3.1 Trauma Injury Severity Score (TRISS)
TRISS determines the probability of survival (Ps) of a patient from the ISS and RTS by

using the following survival probability (Ps) equation (15):
e Ps=1/(1+e®)
e e=2.718282
Where ‘b’ = b0 + b1 (RTS) + b2 (ISS) + b3 (age index)

The b0-b3 coefficients were derived from multiple logistic regression analysis of the

Major Trauma Outcome Study (MTOS) database.

Age Index was “0” if the patient was below 54 years of age or “1” if 55 years and over,
and b0 to b3 were coefficients, which were added on from different mechanisms of injury (blunt and
penetrating trauma). If the patient was less than 15 years old, the blunt coefficients were used

regardless of mechanism.
e Blunt injury:
b0 =-1.2470, b1 = 0.9544, b2 = -0.0768, b3 = -1.9052
e Penetrating injury:

b0 =-0.6029, b1 =1.1430, b2 = -0.1516, b3 = -2.6676
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From the above formula, TRISS determines the probability of survival (Ps) of a patient
from the ISS and RTS. The score has served as the standard for outcome prediction in trauma for at
least more than 20 years. The TRISS methodology aimed for two important objectives, i.e., injury
severity prediction and performance improvement, and comparative among different injury care
levels. TRISS seems to work well as predictive score to guide physician management especially in

adult trauma.

However, it has several limitations to use as an outcome prediction in pediatric trauma
populations for many reasons. First, the RTS used as physiologic assessment components of injury
severity in TRISS methodology was based on adult physiologic based-parameters. These cannot apply
to younger children because the pre-existing injuries data, which was used to develop this
methodology was derived from population data which only contained 10.8% pediatric patients (age
less than 15 years old). Demonstration of this problem can show the categorized age-group in TRISS
also had problems to verify the developed cut-off age at 55 years old, by assigned age score equal “0”
if patient’s age was less than 55 years old and score equal “1” if older than 55 years old. This means
no age effect, if a patient’s age is less than 55 years old. There was lack of age effect in pediatric
patients by using the lower value of area under curve from ROC from 0.92 to 0.87 when they applied

the age effect into the model (36-37), but this issue is still unclear (21).

Second, the information of victims in the stage of TRISS methodology development
excluded many severe conditions (e.g., the children who were intubated, burnt, sedated, had medical
paralysis and other inter-hospital transfer factors), despite all of these injured patients were reported
as a large proportion in the Trauma Audit & Research Network TARN database. If TRISS methodology
did not include these conditions, it means that it excluded more seriously injured patients out of the
model (selection bias), which had a chance to worsen outcomes more than the general trauma

population (18, 38).

Third, the inconvenient usage of TRISS was the separated-coefficients for some type of
injuries such as penetrating, blunt abdominal trauma and head injury. They have demonstrated
strongly evidences to support non-universal TRISS methodology across types of injured mechanism.
This methodology can only use one universal coefficient among each group of blunt abdominal
trauma, penetrating injury and head injury. Third reason, TRISS is a tool which combines the ISS and

RTS tools. The ISS may also contribute to inaccuracy when used with the pediatric age group. The ISS
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may under estimate the severity of coexisting injuries within a same body region, and it includes a

variety of injury combinations within each numerical ISS value (18, 35, 36).

Fourth reason, the death outcome in TRISS may include deaths from non-trauma causes
occurring more than 30 days after the injury. Some authors recommend using death within 30 days

for a cut-off point of injury death.

Finally, there are no existing tools that consider consumer products (object related
injury) and true mechanisms of injury in the previous prediction model despite they are important

relevant associated injury parameters.

We can summarize that the main major usefulness of TRISS categorizes in two purposes.
The first purpose is injury severity assessment into a score based system to guide the physicians to
management of the injury. The second purpose is the evaluation of trauma system benefit among
trauma networks as a standard quality assessment comparable index in the Trauma Audit & Research
Network. The TRISS methodology has been widely criticized over the years, but it still remains valid
and in common use. Although many authors have suggested new indicators, improving TRISS

methodology represents a sound solution.

The other pre-existing of anatomic and/or physiologic injury prediction scores, which
were developed earlier and have been used for injury prediction in the pediatric age group include
such as Trauma Score (TS), Revised Trauma Score (RTS), Pediatric Trauma Score (PTS), Abbreviated
Injury Scale (AIS), Injury Severity Score (ISS) and (PAAT). These parameters were also chosen and
considered by physicians based on either anatomic or physiologic function or combination of both
systems together. Along with these pre-existing injury scores, there were a wide range of parameters
of good quality for use to categorize the severity of injury, management and to predict of the

death/survival outcome.

3.3.2 Trauma Score (TS)

The TS includes five physiologic or physical examination components, including the
Glasgow Coma Scale (GCS), which are scored and added together to determine the TS value and
probability of survival (Table 3.1 and 3.2) (30). TS, mainly assesses key physiologic parameters after
injury to help in the triaging of patients. The parameters used are respiratory rate, respiratory

expansion, systolic blood pressure, capillary refill (return) and Glasgow Coma Score (GCS) The
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limitation was the usage of two subjective measurements (respiratory effort and capillary refill) and
it underestimates severity in the patient with an isolated head injury who is cardiovascular stable (16,

17, 18, 30).

Trauma score = (points for respiratory rate) + (points for respiratory expansion) + (points
for systolic blood pressure) + (points for capillary return) + (points for Glasgow Coma Score). The

range of the score is a maximum score of 16 and a minimum score of one (30).

The design of TS included triage concerned aspects which is the advantage of TS, but it
still has several disadvantages and so is not suitable for use in the pediatric age group especially two
subjective variable measurements (capillary refill and respiratory effort) which were included in the
TS model. It might be a cause of inaccurate prediction. Another disadvantage point is the

underestimation of severity in the patient with an isolated head injury who is cardiovascular stable.

3.3.3 Revised Trauma Score (RTS)

The RTS was a third generation physiology based measure in mortality prediction models
(17). It was developed to address some of the limitations of the TS. The subjective components were
no longer are incorporated (Table 3.3). RTS has been used as a pre-hospital triage score, and it is one

combined-part of TRISS methodology.

The sum of results in each category is assigned only if the count of RTS <12,
which suggests the physicians should send the patient early to a trauma centre or high
facilities center.

e Equation of RTS = 0.9368 GCS + 0.7326 systolic blood pressure + 0.2908 respiratory
rate

e The results of this score range between 0 — 7.8408 , and correlate with survival, e.g. a
score of 4 indicates 40% mortality

RTS is useful in pre-hospital scores and management aspects such as suggestion to
transport patient, and addresses some of the limitations of the TS, and disused the subjective-
components from the old TS. There are limitations to its use which come from component scores
inside RTS, especially the GCS. The GCS also has limited utility in children, particularly those less than
36 months. In a patient who has an endotracheal tube in place, they cannot verbalize. A patient who

receives paralytic and sedative medication has a chance to receive an invalid score which may effect
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to their prediction outcome. Other factors, shock, hypoxemia, drug use, alcohol intoxication and / or
metabolic disturbances alter the patient’s level of consciousness interfere with the scale's ability to
precisely reflect the severity of a traumatic brain injury may alter the accuracy of prediction

probability.

3.3.4 Pediatric Trauma Score (PTS)

The PTS (30-31) is patterned after the evaluation process of the Advanced Trauma Life
Support Course and is specifically designed for triaging of the child with traumatic injury (37), and
includes management aspects such as suggestion to transfer. PTS correlates well with injury severity,
mortality, resource utilization, and the need for transport to a pediatric center. It is calculated as the
sum of six measures (Table 3.4). However, it is a poor predictor of liver and spleen injuries for

children with isolated blunt abdominal trauma (29).

Because PTS is mostly specific to children, PTS was studied by applying appropriate
various cut-offs based on the previous variables, and assigning codes. Tepas 1987 (31) developed the
original PTS with the six determinants of assigned grade from -1, 1 and 2 (-1: major or immediate life
threatening, 1: minor or potentially major injury, and 2: minimal or no injury) which complied with
standard advanced trauma life support protocol. This aims to provide a quick assessment objective
which mandated not only accurate initial assessment, but also applied appropriate application of
those differences of physiology which affected the potential for mortality. They summarized that a
PTS of 6 and below has an increased potential for mortality as well as morbidity, and a PTS below 2
was 100 percent potential for death. One year later, Tepas & Ramenofsky 1988 (32) improved the
quality of score by assigning PTS above 8 demonstrated zero percent mortality, with PTS O or below
had 100 percent mortality, and PTS from 8 to O showed an increased linear relationship for mortality
and clarified as immediate danger of increasing mortality without appropriate and timely
intervention. Some advantages of the PTS score were easy to memorize, fast to apply and had a
physiologic profile that enabled immediate decision making when coping with a pediatric trauma
patient. Recently Rosso 2012 (33) modified the cut-offs of score (PTS between 9-12 was considered
as moderate trauma, 4-8 assigned as severe trauma, 1-3 as a high risk of death, and -6 to 0 as
improbable survival). Finally, Rosso in the same year modified PTS with a cut-off point of > 3 or less
to use as pediatric polytrauma score (34) which had both high specificity and high predictive value to
accurately discriminate low risk cases (sensitivity 66%, specificity 94%, PV' 66% and PV 94%,

mortality respectively for score less than 3).
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3.3.5 Abbreviated Injury Scale (AIS)

AIS is an anatomical scoring system developed in 1969. The AIS has been revised and
updated many times. The AIS scale is similar to the Organ Injury Scales introduced by the Organ
Injury Scaling Committee of the American Association for the Surgery of Trauma, although AIS is

designed to reflect the impact of a particular organ injury on patient outcome (Table 3.5).

Each injury is initially assigned an AIS score for six body regions (head, face, chest,
abdomen, extremities and external). The AIS has been developed and frequently updated by the

Association for the Advancement of Automotive Medicine which monitors the scale (38-39).

The disadvantages of the AlS scale are it does not provide a comprehensive measure of
injury severity, and the scale does not represent a linear scale, i.e. the difference between AIS1 and
AIS2 is not the same as the difference between AIS4 and AIS5. When we use AlIS alone, the current
AIS version is not useful for predicting patient outcomes or mortality. Instead, it forms the basis of

the ISS and TRISS.

3.3.6 Injury Severity Score (ISS) and New Injury Severity Score (NISS)

The ISS was introduced to follow AIS in 1974 as a method for describing patients with
multiple injuries and evaluating emergency care (40). It had been classed as the 'gold standard' of
severity scoring before the TRISS era. Each injury is initially assigned an AlS score and only one from
each of the six body regions (head, face, chest, abdomen, extremities and external). The highest
three of the AIS scores (only one from each body region may be included) are squared and the ISS is

the sum of these scores. Today, ISS is another added part of TRISS (41).
Disadvantages of ISS and NISS:
- Inaccurate AlS scores are carried forward.
- Many different injury patterns can yield similar ISS scores.
- It is not useful as a triaging tool.

- It only considers one injury per body region and therefore may underestimate the

severity in trauma victims with multiple injuries affecting one body part.
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- The NISS is a modified version of the ISS developed in 1997. The NISS sums the severity
score for the top three AIS injuries regardless of the body region; hence, NISS scores greater than ISS

values indicate multiple injuries in at least one body region.

Although the AIS do not reflect the combined effects of multiple injuries, it forms the
foundation for the ISS. Baker et al introduced the ISS in 1974 as a means of summarizing multiple
injuries in a single patient. The ISS is defined as the sum of squares of the highest AIS grade in the
three most severely injured body regions. The six body regions are defined, as follows: the thorax,
abdomen and visceral pelvis, head and neck, face, bony pelvis and extremities, and external
structures. Only one injury per body region is allowed. The ISS ranges from 1-75, and an ISS of 75 is
assigned to anyone with AIS of 6. That mean, if an injury is assigned an AIS of 6 (un-survivable injury),
the ISS score is automatically assigned to 75. An example of an ISS calculation is showed in Table 3.6.
The usefulness of the ISS is limited because it was not useful as a triaging tool, it may under estimate
the severity on a multiple injured patient effected on one body region, and it is unable to adjust for
the cumulative effect of coexisting injuries in one region (e.g.,, subdural hematoma and
intraparenchymal hemorrhage), it lacks a direct linear relationship between increasing score and
severity, and it lacks consideration of pre-existing conditions which may affect trauma outcomes (36,
42-43). Nonetheless, the ISS is a valid predictor of mortality, length of stay in the hospital or intensive
care unit, and cost of trauma care. The American Academy of Pediatric uses the AIS descriptors of
severity, but uses only four body regions: head/brain/spinal cord, thorax/neck, all other serious

injuries, and all non-serious injuries (30).

Recently, Osler et al (26) reported a modified ISS (new ISS or NISS) based on the 3 most
severe injuries regardless of body region. This simple but significant modification of the ISS avoids
many of its previously acknowledged limitations. By preserving the AIS as the framework for injury
severity scoring, the NISS remains familiar and user-friendly. Preliminary studies suggest that the NISS
is a more accurate predictor of trauma mortality than the ISS, particularly in penetrating trauma.
Other researchers have demonstrated that the NISS is superior to the ISS as a measure of tissue
injury in predictive models of post-injury multiple oragan failure (MOF). Osler et al recommend that

the NISS replace the ISS as the standard anatomic measure of injury severity.
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3.3.7 Pediatric Age Adjusted TRISS (PAAT)
Development of PAAT

Schall LC et al (21) has recently developed the Age-Specific Pediatric Trauma Score
(ASPTS) by adjusting age specific variables (SBP, Pulse, and RR) in conjunction with Injury Severity
Score (ISS) for prediction of severity outcome (survival) which is called PAAT. The ASPTS is derived
from SBP, pulse and RR for patient categorization using the mean and standard deviations (SD) which
were then used to divided each physiologic variables (SBP, Pulse, and RR) into four intervals. The GCS
intervals were modified from intervals which were the same as used for the RTS scheme. The
intervals defined for each variable and coded scores (0-3) assigned to each interval have been shown

in Table 3.7.
ASPTS = W;GCS +W,SBP + W;3;PULSE + W,RR

Where W, = 1.8945, W,= 1.4366, W5=0.5908, and W, = 0.1843. The W’s represent

weights derived from logistic regression.

e Ps=1/(1+e-b)
e £=2718282
Where Ps is the probability of survival, and A = bg+b,(ASPTS) + b,(ISS),

b0 =-2.2949, b1=0.8416, b2=-0.5813

ASPTS is a continuous score 0-12.32, ISS is the sum of squares of the three highest AlS-

90 grades in the three most severely injured areas among six anatomic regions and ranges from 0-75.

The studied results showed no significant difference between observed and expected
survival, and might be more accurate than TRISS, and ASCOT which had significantly underestimated

overall survival across age groups, blunt injuries and head injuries.

Previously seven Injury prediction scores have been used in the pediatric age group.
Despite its imperfections, trauma severity scoring remains important for many reasons. A new Injury
prediction score may reflect a significant improvement in methodology, but this requires several
appropriate parameters and further validation (internal and external validation). Scoring systems
applied in intensive care units are not useful for predicting survival for the individual injured patient.
Many models are used for audit purposes, and some are used as performance measures and quality

indicators of a unit or level of care. However, both utilities are controversial because of poor
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adjustment of these systems to case mixtures. Moreover, the pre-existing severity scores are being
used for purposes, for which they were not intended (e.g., decisions to withdraw support or on the
allocation of resources). Continued research hopefully will improve methodology and make accurate

trauma prediction, particularly on an individual patient basis, and in reality.

3.4 Conceptual framework

Risk Classifications
Prediction of Death

Interested variables low
Age intermediate
L High
5Interested domains Sex
— -
— Demographic and general .
data Airway Thai
] e pediatric
II Pre-hospital data Mechanism trauma and
Trauma related injury injury
Data Collection regions Region severity
- Design PR score
Feas?bility Airway management GCS Compare to other
A Pediatric Injury scores
Conduct GCS and vital signs Vital Signs
- Protocol

Tepas

TTeaask

Ramenofsky

Others

Rosso

Poly Trauma
Score

Figure 3.1 Conceptual framework



Table 3.1 Calculation of Trauma score

Parameter

Finding

Points

Respiratory rate

Respiratory expansion

Systolic blood pressure

Capillary return

Glasgow Coma Score

>= 36 per minute
25-35 per minute
10-24 per minute
0-9 per minute
Absent
Normal
Shallow
Retractive
>=90 mm Hg
70-89 mm Hg
50-69 mm Hg
0-49 mm Hg
absent pulse
Normal
Delayed
None
14-15
11-13
8-10
5-7
3-4

2

R N W s U O B N O B N W dp OO R O R P+ W
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Table 3.2 Trauma score and correlated probability of survival

Table 3.3 Revised Trauma Score

Trauma Score

Probability of Survival

16
15
14
13
12
11

=
o

R N Wb U1 OO N 00 L

0.99
0.98
0.95
0.91
0.83
0.71
0.55
0.37
0.22
0.12
0.07
0.04
0.02
0.01
0
0

GCS Systolic BP(mmHg) Respiratory rate Score
13-15 >89 10-29 4
9-12 76-89 >29 3
6-8 50-75 6-9 2
4-5 1-49 1-5 1
3 0 0 0
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Table 3.4 Pediatric Trauma Score

23

Systems -1 +1 +2
Weight (Kg) <10 10-20 >20
Airway Un-maintainable Maintainable Normal
Systolic BP(mmHg) <50 50-90 >90
Conscious Level Coma Deterioration Normal
Wound Large open wound Small and closed No

Musculoskeletal injury  Multiple, open

fracture

wound

Closed fracture

No fracture

The sum of score are classified as follows:

Tepas (1987) (31)

9 - 12 : they assign as minor trauma condition

6 - 8 :they assign as potentially life threatening condition

0- 5 :they assign as life threatening condition

<0 :they assigned as usually fatal condition

Tepas & Ramenofsky (1988) (33)

> 8 : Low risk

0 - 8 : Moderate risk, all injured children with PTS < 8 should be

triaged to an appropriate pediatric trauma center.

< 0 : High mortality (100 % mortality)

Russo (2012) (34)
12 : No to low risk
9 - 11 : Moderate risk
4 - 8 :Severe trauma

1- 3 :Highrisk

-6 -0 :Fatal risk (improbable survival)

Pediatric Polytrauma Score (35)
<3 : Lowrrisk

>3 : High risk



Table 3.5 Abbreviated Injury Scale (AlS)

Injury Threat AIS Score
Minor 1
Moderate 2
Serious 3
Severe 4
Critical 5
Un-survivable 6

Table 3.6 Example of ISS Calculation

Region Injury AIS 1SS =( AIS?)
Head/Neck Single cerebral contusion 3 9
Face No injury 0
Chest Flail chest 4 16
Abdomen 1. Liver laceration 4 25

2. Completely shattered spleen 5
Extremity Fractured femur 3
External No injury 0

Injury Severity Score (ISS) = 50

Note: ISS = Sum ((three most weighted region injury) ?).

ISS equals 75 for any patient with an AlS 6 injury.

24



Table 3.7 Revised Age Specific Pediatric Trauma Score (ASPTS)
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GCS Score SBP Pulse RR Scores
13-15 Normal Normal Normal 3
7-12 Mild-Moderate Tachycardia Tachypnea 2

Hypotension (Pulse > mean +SD) (RR> mean + SD)
(SBP< mean-2SD)
5-6 Severe Hypotension Bradycardia Hypoventilation 1
(SBP< mean -3 SD) (Pulse < mean-SD) (RR < mean-SD)
3-4 0 0 0 or intubated 0
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PART IV
METHODOLOGY

4.1 Study design and setting

This study was a multicenter cross-sectional study, which conducted between April 2010
and October 2012. The study was collaborative by the Thai Taskforce of Pediatric Injury (TTPI), i.e.,
Ramathibodi Hospital and other trauma care centers across the country, which aimed to set up the
National Pediatric Injury & trauma Registry of Thailand (NPIRT). The numbers of hospitals have been
described according to trauma care level and region, see Table 4.1. The level of trauma care was
classified based on the national master plan for development and improvement of outcomes of
accident and trauma care, 1998-2009, the Ministry of Public Health (MOPH). Among 837 hospitals
across the country, 44 (19 School of Medicine hospitals and 25 regional hospitals), 70 (i.e., provincial

hospitals), and 723 (i.e., district hospitals) were trauma level |, II, and llI-1V, respectively.

We had initially invited 15 trauma care centers across 5 regions of Thailand to
participate with this NPIRT in late 2010. Then, we were faced with flooding crisis in 2011 which made
data registry far behind schedule and some trauma centers had their lost data. We therefore seek for
the collaboration from the Bureau of Epidemiology, the MOPH, to be authorized accessing to the
injury surveillance (IS) data registry. As a result, additional 19 hospitals from the S| were included and
resulted in 34 hospitals which participated with this study. This consisted of 12 (47%), 11 (28%), and

11 (25%) hospitals for trauma care level |, Il, and llI-1V, respectively.

4.2 Studied population

Data for all of injured children who attended at emergency services at 34 collaborating
hospitals during our study period were retrieved in our study. Patients were eligible if they met these
criterion: aged 0-19 years, and had any of following trauma or injury: falling, struck by or against, cut
and pierce, gunshot wound, animal bite, transport injury, injured from child abuses, burn and scald,

fire-gun, foreign body aspiration, drowning or near drowning.

The study was approved by the Institutional Review Boards (IRBs) of the Faculty of
Medicine Ramathibodi Hospital and MOPH.
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4.3 Sample size estimation

We calculate sample size using results of review study at the level I-trauma care center
at Chaingrai hospital, Chiangrai province, Thailand. Medical records between January and December
2009 were reviewed and there were 2,546 pediatric traumatic patients. Among them, 35 patients
died (1.37%, 95% Cl: 0.95%-1.91%). Sample size is estimated based on estimation of mortality rate

(MR), as describe below.

N = (z( )qu )/ (CI width)?

«
p = MR of injury in children
q=1-p

Cl = Confidence interval

As for the pilot study, 95% CI of the estimated MR varied from 0.95% to 1.91%. For the
worse scenario, the estimated MR is set at 0.0095. The ClI width of this estimation and design effect

for multicenter collaboration are set of + 0.005 and 0.2, respectively.

The estimated sample:

- 1.96 x(0.009x0.9905)

0.0052
~1445.93

=1446

Taking into account design effect of 0.2, 7229.70 children were required to enroll.

Missing data of 25% was set and thus at least 9,037.13 children were required.

4.4 Data collection and management
The collaborative meeting between doctors and nurses who worked in the TTPI was
organized. Research objectives were announced and roles of collaborative sites were demonstrated.

Knowledge in pediatric injury and trauma and required variables were standardized. Data collections
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were performed based on the central web NPIRT database (http://pts.mahidol.ac.th), where all
trauma cases had to be registered via our web site. The registration forms were designed, which
consisted of 5 sequential domains as follow: patient demographic data, pre-hospital data, injury
factors and associated risks (types and mechanism of injury, site of injury and injured body region),

GCS and vital signs, diagnosis-disposition and outcome.

For the IS data, the databases were modified to comply with our NPIRT databases. Some
variables were re-classified/coded and some variables were added. Totally there were 4 domains,
which were demographic domain (age, sex, weight, height, occupation), pre-hospital care domain,
injury factors and associated risks domain (injury epidemiology data, risk behaviors, transfer, injury

body regions, vital signs), and domain of diagnosis to discharge data.

Web-databases were then constructed using PHP version 5.2.9 and MySQL client version
5.0.51a. The data from individual trauma care centers were entered real-time via the web-databases.
The data quality control program was constructed as a web-based application based on coded
variables, feasibility, and cross-checks in order to verify and validate data. All of these data were

double checked by the database administration team.

Data were cleaned and checked by summarizing and cross-tabulating between the
relevant variables to check for completeness and data validation. Inquiries were made to local
collaborative sites if there was any incorrect or missing data. Medical records from each hospital

were then retrieved to check and correct data.
4.5 Data Monitoring

Before conducting the study, the principal investigator from the central site visited all
hospitals to check facilities, number of patients, and staff’s knowledge about data collection and
measurement. Data monitoring was performed at least once during data collection process. Internal
audit was performed in every monitoring by randomly select 20% of subjects to check for
completeness and validity. Common problems and solution for solving the problems were discussed

to improve data collection system.
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4.6 Outcome and independent variables

The outcome of interest was death related to injury or trauma within 30 days.

The independent variables of 5 domains were as follows:

a) Demographic and general data consisted of age, sex, weight, height,

occupational, and regions.

b) Pre-hospital data consisted of transport duration, prior communication, and

trauma care level.

¢) Mechanism of injury consisted of

Surgical perspective mechanism
Blunt (i.e. struck by against, abuse & neglect, etc)

Penetrating (i.e. fire-gun, cut & pierce, animal bite, etc)
Both blunt and penetrating

Physiological mechanism

Gravity related injury

Velocity related injury

Both gravity and velocity related injury

d) Trauma related injury region

Brain & Head/Neck
Face

Thorax

Abdomen
Extremity of bone

External (Soft tissue injury)

d) Airway management was categorized as no intervention, airway adjuncts

which included oxygen supplementation, positive ambulatory bag, face mask ventilation and

adjuncts airway with nasopharyngeal or oropharyngeal airway, and intubation.

e) GCS and vital signs domain,

GCS was a quick, practical standardized system for assessing the degree of

consciousness, involved eye opening, verbal response, and motor response, all of which are
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evaluated independently according to a rank order that indicates the level of consciousness
and degree of dysfunction.

- The GCS was assessed numerically by the best response, improvement,
stability, or deterioration of a trauma patient's level of consciousness, which was crucial to
predicting the eventual outcome of conscious level. The sum of the numeric values for each
parameter can also be used as an overall objective measurement which measures 3
parameters—maximum score of 15 for normal cerebral function, O for brain death. The higher
score result reflected more severe of trauma and impaired of consciousness (44).

- Vital signs consisted of pulse rate (PR), systolic blood pressure (SBP), and
respiratory rate (RR), which were measured at emergency room.

- The SBP were abnormally classified if SBP < 60 mmHg in neonates, SBP < 70
mmHg in Infants, SBP <70 mmHg + (2 x age in years) in children 1-10 years old, and <
90mmHg in children older than 10 years old; otherwise it was classified as normal (45).

- The PR was classified as tachycardia if PR>190/min if aged <=2 years old, PR
>140/min in aged > 2-10 years old, and PR > 100/min in aged > 10 years old. Fatal
tachycardia was defined as PR > 220/min in infant (age < 1 years old) and PR > 160/min in
children aged > 1 years old. Bradycardia was defined as PR < 60/min.

- The RR was classified as normal and tachypnea (normal RR classified as 30-
60/min if age < 2 years old, 24-40/min in aged 1-3 years old, 22-34 /min in aged 4-5 years
old, 18-30/min in aged 6-12 years old and 12-16 in aged > 12 years old, otherwise it was
classified as tachypnea), and consciousness was consisted of awake, verbal response, pain

stimulus, and unresponsiveness.

4.7 Previous risk prediction scores

There were 3 different versions of the PTS, in which the same of six variables were used
for calculate scores but different cut-off points in classifying risk children. Six variables included
weight, airway, SBP, consciousness, types of fracture, and wound; each of them was assigned grades
of -1 for major or immediate life threatening, 1 for minor or potentially major injury, and 2 for

minimal or no injury. The total score was then categorized using different cutoff points as follows:

The original PTS (Tepas 1987)
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<6: increasing mortality as well as morbidity
<2: 100 percent risk of mortality
Tepas and Ramennofsky 1988
> 8 : 0 percent mortality
<0: 100 percent mortality

0 - 8 : increased risk of mortality

9-12: moderate trauma

4 -8 : severe trauma

1-3 : high risk of death

-6-0: improbable survival
Rosso DB (Pediatric poly trauma score)

In the same year Ross et al. also proposed this model to use as pediatric polytrauma
score by modified PTS with a cut-off point of > 3 or < 3 which had yield both high specificity and high
predictive value for accurate discrimination of low risk cases (sensitivity 66%, specificity 94%, PV+

66% and PV- 94%, mortality respectively for score less than 3)(34).

4.8 Statistical analysis

An overall death rate along with its 95% Cl was estimated. Data analysis consisted of 2

phases, i.e., derive and validation phases as follows.
4.8.1 Derivation phase

The whole data of 43,516 were used, 21 variables (i.e., age, sex, weight, transportation
time, airway management, velocity-gravity related mechanism of injury, mechanism of injury (blunt,
penetrating, both), sites of injury, trauma body region( head-neck, face, thoracic, abdominal-pelvis,
musculoskeletal, soft tissue injuries), wound types, fracture types, GCS, Vital signs (PR, SBP, RR and

consciousness) were considered to include in the risk prediction model of death. A simple logistic
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regression was applied to assess the association between mortality and each of the 21 independent
variables (46). The variables with p-value < 0.10 were simultaneously considered in multiple logistic
model. To avoid multi-colinearity, variables which might be highly-correlated (e.g., sites of injury and
injury body regions, wound types and soft tissue injury, and fracture-musculoskeletal injury) were
GCS and vital signs domain not included into the same model; only one of each pair which was most
significant was thus selected. The likelihood ratio (LR) test with backward elimination was used to
determine the parsimonious model. Performance of the final model was then assessed by exploring
calibration and discriminative performances. For the calibration, a goodness of fit of the final model
was assessed by using Hosmer-Lemeshow test (46). In addition, a ratio of observe to expected values
(O/E) were also estimated. A receive operating characteristic curve (ROC) analysis was applied to

estimate the C-statistic.

The coefficients of variables in the final model were used to create scoring schemes.
Total scores were calculated by summing up coefficients of all variables. The ROC curve analysis was
applied to calibrate score’s cutoff by estimating a likelihood ratio positive (LR*) according to each
cutoff. The prediction score was then classified into risk strategies to ease application in clinical

practice.
4.8.2 Validation phase

Since the death rate was quite rare, the whole data were used for internal validation
using the bootstrap with 200 repetitions. For each sample of the bootstrap, the final logistic model
suggested from the derive phase was fitted, and parameters (i.e. predicted probability and the C-
statistic) were estimated. The correlation between the observed and predicted values of death was
assessed using the Somer’D correlation, called Dy, The calibration of the model was then assessed
by subtracting the original Somer’D correlation (Dgyig) from the Dyoot(i-€., DorigDpoot), @and the value
closed to 0 was optimism calibration. Then discrimination of the model was also assessed by

comparing the original C-statistic versusthe C-statistic from the bootstraps. (47-51)

Finally, the score performance was compared to the preexisting PTSs using ROC curve
analysis. In addition, a net reclassification improvement (NRI) and integrated discrimination
improvement (IDI) were also applied (52-53). These were used to analyze the strengths and
advantages of this pediatric injury prediction score in the aspect of positive (net gain) and negative
(net loss) to summarize in total net gain (sum of net gain and loss) from the results of the score

predicting system with theirs cut-offs to obtain benefit in categories of survival and death outcomes,
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and compared among the preexisting pediatric injury scores. All analyses were performed using

STATA 12.0 (54). P value < 0.05 was considered as statistically significant.



Table 4.1 Lists of collaborated hospitals by trauma care level (I-IV) and region.

34

Trauma No.Hospital No.Studied Region Hospital Subjects
care hospitals
level *
Level | a4 12 Central Ayuthaya Hospital 710
Saraburi Hospital 1,122
Sawanpracharak Hospital 1,603
North Chiangrai Regional Hospital 918
North East MaharatNakornratsima Hospital 2,832
Khonkan Hospital 2,412
Sappasitthiprasong Hospital 2,695
Udonthani Hospital 2,899
East Chonburi Hospital 1,262
South Hatyai Hospital 1,236
MaharatNakornsrithammaraj Hospital 1,778
Ratchaburi Hospital 1,025
Level Il 70 11 Bangkok, Ramathibodi Hospital 2,354
Central NopparatHospital,andLerdsin Hospital 478
PranangklaoNonthaburi Hospital 356
Central Buddhachinaraj Hospital 1,052
Lampang Hospital 1,283
North Surin Hospital 2,414
North East Chophayaabhaibhubejhr Hospital 626
East PhrapokklaoChantaburi Hospital 828
Suratthani Hospital 1,974
South Yala Hospital 1,076
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Table 4.1 Lists of collaborated hospitals by trauma care level (I-IV) and region. (cont.)

Trauma  No.Hospital No.Studied Region Hospital Subjects
care hospitals
level *
Level IlI- 723 11 Central ChaoprayayomrajSupanburi Hospital 758
\Y) Nakornpathom Hospital 1,928
North Uttaradit Hospital 1,229
North East Burirum Hospital 130
East Chachoengsao Hospital 1,116
Rayong Hospital 806
South Chumphon hospital 1,197
Vachira Phuket Hospital 862
Krabi Hospital 888
Takuapa Hospital 316
Trang Hospital 1,398

837 34 Total 43,561




36

PART V
RESULTS

5.1 General characteristics of subjects

During the study period, data of 43,561 injured children who attended at
emergency medical services of 34 studied hospitals were entered and retrieved from the
databases. Of which, 13,382 (31%), 11,750 (30%), 7,529 (17%), 4,638 (11%), 3,430 (8%), and
2,832(7%) injured subjects were from the North-East, South, Central, East, North, and
Bangkok, respectively (see Table 5.1). The baseline characteristics of subjects have been
described in Table 5.1. Among them, mean age was 11.4 + 5.5 years, and weight was 45 kg
(range = 7-76), 71% were males. About 92% of patients injured mainly within their residential
areas, 39% of cases were transferred by ambulance, and the rests were transferred by non-
ambulance and their own transportations. About 47% had prior communication with the
referral hospital before transportation of patients. About 51% of patients did not need the
initial first aid at the scene of injury. Among 49% patients who required the first aids, 87% of
them were provided initial first aid. The mechanisms of injury were mainly blunt (72%),
followed by penetrating (14%) and non-classified (4%). Among the injury classification, the
top five of common injuries were transportation (46%), falling (18%), cut and pierce (8%),

struck by/ or against (8%), and abuse, assault & neglect (6%).

The estimated overall death rate was 1.7% (95% Cl: 1.57-1.82), where the death
rate was highest in the East region (2.41%, 95% Cl: 1.97-2.85) but it was lowest in Bangkok
(0.78%, 95% Cl: 0.45-1.10). Among injury classification, cause of death was highest in
drowning (8.0%) followed by weapon, fire-gun, bomb-explosion, or firework injury (2.6%),

transportation (2.4%), burn and scald (2.3%), and poisoning (1.3%), respectively.
5.2 Derivation phase

The whole data of 43,561 subjects were used to derive the risk prediction score
of death. A univariate analysis of 5 domains from 21 variables suggested that 20 variables
were significantly associated with death, see Table 5.2. Five variables have not been
considered in the multivariate analysis with following reasons. Since association between

duration of transportation and death would depend on type of trauma, we rather did not
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consider this variable in the same model that had already considered type of trauma in the
equation. The external soft tissue and musculoskeletal injury were highly associated with
wound and fracture type, these variables were thus not considered in the multivariate
model. A number of injury sites was also associated with injured body region; this variable
was not included either. The consciousness which measured by AVPU system was highly

associated with GCS system, and thus was not considered.

These 15 variables (i.e., age, sex, weight, airway intervention, velocity-gravity
related mechanism, mechanism of injury, trauma body regions (head-neck injury, thorax
injury, abdomen-pelvis injury), wound types, fracture types, GCS, SBP, PR, RR) were thus
simultaneously included in the multivariate logit model, but only 10 variables were significant
and thus kept in the final model, see Table 5.3. The logit equation was described in the
Appendix A. The performances of risk score were evaluated by explore calibration and
discrimination properties. The goodness of fit of the mode was assessed and found it fitted

well with our data (Hosmer-Lemeshow Chi square = 13.64, d.f.=5

p =0.092) with the O/E ratio of 0.86 (95%Cl: 0.70-1.02). The model was also well in
discriminate death from survive subjects with the C-statistic of 0.938 (95% Cl: 0.929-0.947),

see Figure 5.1.

For demographic domain, only age was significantly associated with death, by
younger subjects were poorer prognoses than older subjects. This suggested that patients
aged 1-5 and 6-12 years were 1.9 (95% Cl: 1.4-2.6) and 3.0 times (95% Cl: 2.0-4.3)

respectively higher risk of death than patients aged 13-19 years.

Airway management was also affected on patient survival, subjects who were
intubated were about 10.9 (95% Cl: 8.6-13.7) higher odds of death than patients who were
not intubated. An injured subjects with adjunct airway and support ventilation were about
3.3 (95% ClI: 2.4-4.6) times higher odds of death than subjects who did not require the airway

management.

The mechanism and region of injury domains were also significant risks factors
of death, which included physical mechanism related injury (velocity and gravity forces) and
injured region. For physical mechanism, gravity, velocity, and both related injuries were

respectively 2.0 (95% Cl: 1.4-3.0), 1.3 (95% CI: 1.0-1.7), 1.4 (95% Cl: 1.1-1.9) times higher
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odds of death when compared to none velocity and gravity related injuries. Among injured
regions, injured at head and abdomen were the most affected on death followed by thorax

with the ORs of 5.0 (95% ClI: 4.1-6.1), 5.0 (95% Cl: 4.0-6.5) and 4.6 (95% Cl: 3.5-6.0).

Subjects with GCS less than 9 were about 4.0 (95% Cl: 3.2-5.1) times higher odds
of death than subjects with GCS 9 or higher. All 3 variables in vital signs domain (i.e.,
abnormal vital signs for PR, RR, and SBP) were significantly associated with death. Injured
subjects with bradycardia and tachycardia were respectively 11.3 (95% Cl: 7.5-17.0) and 2.2
(95% Cl: 1.8-2.8) significantly higher odds of death when compared to subjects with normal
PR. The injured subjects with abnormal SBP and RR were 5.0 (95% Cl: 3.9-6.4) and 2.2 (95%

Cl: 1.5-3.1) times higher odds of death than those subjects with normal range of RR and SBP.
Scoring scheme

The scoring scheme for each variable was created using its coefficient from the
final model, see Table 5.4. Summation of each score yielded the total scores, which ranged
from 0 to 15.16. Calibration of score cutoff was performed using ROC curve analysis and its
result was described in detail in Appendix B. To ease of application in clinical practice and
simplicity, the total score was classified into 4 risk strategies according to its performance
and distribution, indicating the cutoff of 1.02, 1.96, and > 3.06; which represented to low,
intermediate, and high risk of death. The LR+ of these corresponding risk strategies were 1.26
(95% Cl: 1.25-1.27), 2.47 (95% Cl: 2.42-2.52), and 4.72 (95% Cl: 4.57-4.88), respectively, see
Table 5.5. The positive predictive values (PV*) of these corresponding risk groups were 1.88%

(95% Cl: 1.74-2.04), 3.64% (95% Cl: 3.36-3.94) and 6.73% (95% Cl: 6.20-7.29), respectively.

The scoring scheme should be easy to apply in practice. For instance, a child
aged 6 years was transferred by the ambulance to the ER of a 30 bed-hospital due to head
injury from car accident. His PR was 140/min, RR was only 6/min, SBP was 100 mmHg, and
thus he was on endotracheal intubation during transit and the GCS was 8 at ER arrival. He
was scored 1.09 for aged 6 years, 2.39 for intubation, 0.36 for physical mechanism both
velocity and gravity related injury, 1.61 for head injury and 0 for the remaining regions, 1.40
for in-hospital GCS < 9, 0.8 for PR 140 /min, O for SBP 100 mmHg, 0.89 for dyspnea, with
spontaneous respiration 6/min. The total score was 8.54, which was classified as high risk of

death with the LR* of 4.72 and PV’ of 6.73%. This patient requires intensive care and
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aggressive management, and thus should be transferred to trauma care centre with better

facilities as soon as possible if this 30-bed hospital cannot manage.
5.3 Validation phase

The bootstrap technique was applied to internally validate the risk score by re-
sampling subjects with 200 replications from the whole original data. The Somer’s D
correlation coefficients were respectively 0.873 (95% Cl: 0.872-0.875) and 0.872 (95% ClI:
0.863- 0.881) for the bootstrap and original data, which yielded a percent error of only
0.20%. The estimated bias, (Dorigin~-D boot)) Was 0.0017 (95% Cl: 0.0005-0.0030), which
indicated low bias and thus the model was internally well calibrated. The estimated O/E ratio
for the bootstrap data was 0.86 (95% Cl: 0.70-1.02), and C-statistic of 0.938 (95% Cl: 0.926-
0.952).

5.4 Comparison of performances of prediction models

We compared our model to other previous models including Tepas score 1987,
Tepasscore1988, Rosso score 2012, and pediatric polytrauma scores 2012 .The C-statistics
were 0.876 (95% Cl: 0.862-0.891), 0.876 (95% Cl: 0.861-0.891), 0.893 (95% Cl 0.879-0.908)
and 0.874 (95% Cl 0.860-0.888) for Tepas score 1987, Tepas score 1988, Rosso score 2012,
and Pediatric Polytrauma scores 2012, respectively (see Table 5.7). The C-statistics of theses
and our scores were statistically significant different (p < 0.001), see Figure 5.2. This indicated
that our model was better in discrimination of death from survival subjects than the previous

models.

The NRI was estimated by comparing our model with other 4 models. Probability
of death estimated from each model was classified by mean of probabilities of death from
each cut-offs of the previous scores, as described in Appendix C-F. The reclassification tables
by death and survive groups were constructed for each comparison pair. As summaries in
Table 5.6, reclassification results suggested that our model could improve in classification of
subjects in both death and survival groups. The rate of improvements ranged from 4.4% to
13.6% in the death group, but loss 2.9% to gain 7.4% in the survival group. The overall NRIs
were 19.7%, 18.0%, 16.2%, and 1.5 % when we compared ours to the Russo BD (2012), Tepas
& Ramenofsky (1988), Tepas (1987), and Polytrauma score (2012), respectively. This

indicated that our model was a bit better discriminative performance than all models, except
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the Polytrauma score (2012) in which the performance was not much different. In addition,
our model also gained in discrimination when compared to preexisting models as previously

mentioned with the IDI of 0.06 (95% Cl: 0.03-0.09).

Table 5.1 Describe characteristics of subjects

Characteristics N (%)

Number of subject 43,561

Demographic data

Age, year, mean +SD 11.37 +5.52
Sex
Male 30,883 (70.96)
Female 12,678 (29.10)
Weight, Kg, median (min-max) 45(7-76)
Occupation
Parent care 7,513 (17.25)
Student 25,790 (59.25)

Other 10,258 (23.50)




Table 5.1 Describe characteristics of subjects (cont.)

Characteristics

N (%)

Regions
Bangkok
Central
North
North-East,
East
South
Injury location
Resident province
non-resident province
Pre-hospital information
Transfer route
Own transport
Non-Ambulance
Ambulance
Prior communication
Yes
No

Trauma level

Pre-hospital support
Not need
Not provide

Provide

2,832 (6.50)
7,529 (17.28)

3,430 (7.87)
13,382 (30.72)
4,638 (10.65)
11,750 (26.97 )

40,210 (92.33)
3,342 (7.67)

12,483 (28.66)
14,137 (32.45)
16,941 (38.89)

23,120 (53.07)
20,441 (46.93)

20,492 (47.04)

12,441 (28.56)
7,220 (17.57)
3,408 (7.82)

22,248 (51.07)
2,812 (6.46)
18,498 (42.47)
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Injury types and mechanism
Injury Mechanisms
Blunt
Penetrate
Both
Non-classify
Physical mechanisms
Velocity related
Gravity related
Both
Non-classified
Types of injury:
Transportation
Falling
Poisoning
Animal Bite &Sting
Struck by against
Cut &pierce
Burn & Scald
Fire gun & explosion
FB Aspiration & suffocation
Drowning & Submersion
Abuse, assault & neglect
Object related injury:
Chemical &Food product
Home & Office, Work place
Sport equipment
Weapons
Transportation related
Natural objects - animal
Miscellaneous

Length of stay, day, median (range)

31,482 (72.27)
5,940 (13.64)
1,943 (4.46)
4,196 (9.63)

1,528 (8.75)
8,191 (19.44)
22,003 (52.21)
10,368 (24.60)

19,928 (45.75)
7,902 (18.14)
461 (1.06)
1,641 (3.77)
3,426 (7.86)
3,502 (8.04)
1,005 (2.31)
1,582 (3.63)
1,359 (3.12)
355 (0.81)
2,400 (5.51)

801 (1.84)
12,730 (29.22)
639 (1.47)
2,047 (4.70)
20,317 (46.64)
3,3362 (7.72)
3,664 (8.41)

2 (0-63)
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Outcomes
Major outcome
Survive
Death
Short term disabilities
Minor outcome
Major
Minor

None

43

42,821 (98.30)
740 (1.70)

1,862 (4.40)
3,624 (8.40)
37,334 (87.20)




Table 5.2 Factors associated with death in pediatric trauma and injury: A univariate analysis

Factors Group
Death Survive OR 95%Cl P value

n=% n=%

Demographics domain

Age, year
0-5 113(1.2) 9,342(98.8) 1.8 1.4-2.4 <0.001
6-12 131(1.2) 10,478(98.8) 3.0 2.1-43
13-19 496(2.1) 23,001(97.9) 1
Sex
Female 175(1.4) 12,503(98.6) 1 0.001
Male 565(1.8) 30,318(98.2) 1.3 1.1-1.6

Weight, kilogram
<25 147(1.2) 12,335(98.8) 1 <0.001

(

26- 45 134(1.3) 9,909(98.7) 11 0.9-1.4

46 - 55 227(2.1) 10,504(97.8) 1.8 1.5-2.2
(

>55 232(2.3) 10,073(97.8) 1.9 1.6-2.4
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Pre-hospital domain

Duration of transport, hour

<1 142(1.7) 8,312(98.3) 1.2 0.9-1.5 0.001
1-2 299(2.0) 14,443(98.0) 1.5 1.2-1.8
2-3 138(1.6) 8,555(98.4) 1.2 0.9-1.5

>3 161(1.4) 11,511(98.6) 1

Airway management domain

No intervention 224(0.6) 38,704(99.4) 1 <0.001
Adjuncts 81(3.9) 1,975(96.1) 7.1 5.5-9.2
Intubation 435(16.9) 2,141(83.1) 35.1 29.7-41.5

Mechanisms and injury regions domain

Velocity-Gravity Related mechanism

Velocity Related 41(2.6) 1,541(97.4) 3.0 2.0-4.3 <0.001
Gravity Related 97(1.2) 8,160(98.8) 1.3 1.0-1.8

Both 510(2.2) 22,844(97.8) 2.5 2.0-3.1

None 92(0.9) 10,276(99.1) 1

Mechanism of injury

Penetrating 69(1.2) 5,871(98.8) 1 <0.001
Blunt 536(1.7) 30,946(98.3) 1.5 1.1-1.9
Both 56(2.9) 1,887(97.1) 2.5 1.8-3.6

Non-Classified 79(1.9) 4,117(98.1) 1.6 1.2-2.3




Table 5.2 Factors associated with death in pediatric trauma and injury: A univariate analysis (cont.)

Factors
Death (n =%) Survive(n = %) OR 95%ClI P value
Sites of Injury, sites
0 82(2.2) 3,636(97.8) 1 <0.001
1 168(0.7) 25,519(99.4) 0.3 0.2-0.4
2 159(1.8) 8,579(98.2) 0.8 0.6-1.1
>3 331(6.1) 5,087(93.9) 2.9 2.3-3.7
Trauma body region
Brain/Head-Neck
Yes 527(4.8) 10,355(95.2) 7.8 6.6-9.1 <0.001
No 213(0.6) 32,466(99.4) 1
Face Region
Yes 43(1.5) 2,903(98.5) 0.8 0.6-1.2 0.298*
No 697(1.7) 39,918(98.3) 1
Thoracic Region
Yes 124(13.1) 821(86.9) 10.3 8.4-12.6 <0.001
No 616(1.4) 42,000(98.5) 1
Abdomen-Pelvis Region
Yes 143(7.6) 1,743(92.4) 5.6 4.7-6.8 <0.001
No 597(1.4) 41,074(98.6) 1




Table 5.2 Factors associated with death in pediatric trauma and injury: A univariate analysis (cont.)

Factors Group
Death Survive OR 95%Cl P value

n=% n=%

Musculoskeletal Region
Yes 161(0.9) 18,045(99.1) 0.4 0.3-0.5 <0.001
No 579(2.3) 24,776(97.7) 1

External Soft tissues Region

Yes 171(1.0) 16,196(99.0) 0.5 0.4-0.6 <0.001
No 569(2.1) 39,918(97.9) 1

Wound types
Large-open (major) 449(2.7) 16,195(97.3) 2.0 1.5-2.7 <0.001
Small closed (minor) 247(1.0) 23,466(99.0) 0.8 0.5-1.0
None 44(1.4) 3,160(98.6) 1

Fracture types

Open/Multiple Fracture 115(4.0) 2,756(96.0) 2.5 2.0-3.0 <0.001
Single Fracture 198(1.3) 14,962(98.7) 0.8 0.7-0.9
No Fracture 427(1.7) 25,103(98.3) 1




Severity domain

Total GCS In-Hospital

<9 389(18.6)
>9 351(0.9)

Musculoskeletal Region 161(0.9)
Yes 579(2.3)
No

External Soft tissues Region

Yes 171(1.0)

No 569(2.1)
RR

Tachypnea 611(2.1)

Normal 129(0.9)

Consciousness(AVPU)

Awake 313(0.8)
Verbal 33(2.8)
Pain stimulus 30(7.4)

Unresponsiveness 364(19.0)

1,700(81.4)
41,121(99.1)

18,045(99.1)
24,776(97.7)

16,196(99.0)
39,918(97.9)

28,986(97.9)
13,835(99.1)

39,722(99.2)

1,161(97.2)
377(92.6)

1,561(81.1)

26.8

0.4

0.5

2.3

3.6
10.1
29.6

22.9-31.4

0.3-0.5

0.4-0.6

1.9-2.7

2.5-5.2
6.8-14.9
25.0-35.0

<0.001

<0.001

<0.001

<0.001

<0.001
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Table 5.3 Multivariate logistic regression of factors associated with death outcome

Factors Coefficient SE P value OR (95 % ClI)
Age, years
<5 0.65 0.16 <0.001 1.9 (1.4-2.6)

6 -12 1.09 0.19 <0.001 3.0(2.0-4.3)

13-19 1
Airway management

ET Intubation 2.39 0.12 <0.001 10.9(8.6-13.7)

Adjuncts 1.21 0.16 <0.001 3.3(2.4-4.6)

None 1
Physical mechanism

Velocity related 0.24 0.14 0.08 1.3(1.0-1.7)

Gravity related 0.71 0.20 <0.001 2.0 (1.4-3.0)

Both 0.36 0.15 0.013 1.4 (1.1-1.9)

None 1
Head-Neck injury

Yes 1.61 0.10 <0.001 5.0 (4.1-6.1)

No 1
Thorax injury

Yes 1.52 0.14 <0.001 4.6 (3.5-6.0)

No 1
Abdomen-pelvis injury

Yes 1.62 0.13 <0.001 5.0 (4.0-6.5)

No 1
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GCS
<9
>9

PR
Bradycardia
Tachycardia

Normal

SBP
Abnormal

Normal

RR
Abnormal

Normal

1.40

2.42
0.80

1.61

0.79

0.12

0.21
0.11

0.12

0.21

<0.001

<0.001
<0.001

<0.001

<0.001

4.0(3.2-5.1)
1

11.3 (7.5-17.0)
2.2 (1.8-2.8)
1

5.0 (3.9-6.4)
1

2.2(1.5-3.1)
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Table 5.4 Creating Thai Pediatric trauma and injury scoring scheme

Factors Score
1) Age, years
<5 0.65
6-12 1.09
>13 0
2) Airway
Intubation 2.39
Adjuncts 1.21
No intervention 0
3) Physical Mechanisms
Pure Velocity 0.24
Pure Gravity 0.71
Both 0.36
None 0
4) Head-Neck injury
Yes 1.61
No 0
5) Thoracic injury
Yes 1.52
No 0
6) Abdomen-Pelvis injury
Yes 1.62
No 0
7) GCS
<9 1.40
>9
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Table 5.4 Creating Thai Pediatric trauma and injury scoring scheme (cont.)

Factors Score
8) Pulse rate
Bradycardia 2.42
Tachycardia 0.80
Normal 0

9) Respiratory rate
Abnormal 0.79

Normal 0

10) Systolic blood pressure
Abnormal 1.61

Normal 0

Total 0-15.16
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Table 5.5 Risk classification of death by Thai Pediatric trauma and injury score.
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Score cut-off Risk groups Score Development discrimination capacities
Outcome Sensitivity (%) Specificity (%) LR*(95% CI) PV* (%)
Death Survive
<1.02 Very low 1 8,559
>1.02 Low 25 16,862 99.84 20.61 1.26 (1.25-1.27) 1.88 (1.74-2.04)
>1.96 Intermediate 42 8,244 95.90 61.24 2.47 (2.42-2.52) 3.64 (3.36-3.94)
>3.06 High 566 7,845 89.3 81.00 4,72 (4.57-4.88) 6.73 (6.20-7.29)

LR*, likelihood ratio positive; PV*, positive predictive value



Table 5.6. Comparison of model’s performances between our and other models
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Survive Death NRI
Models ROC Area 95 %Cl RI RI (95% Cl)
Thai-PedTRISS 0.938 0.929-0.947 - - -
Tepas (1987) 0.876 0.862-0.891 +0.0564 +0.1057 +0.1621 (0.1122-0.2120)
Tepas&Ramenofsky(1988) 0.876 0.861-0.891 +0.0740 +0.1056 +0.1797 (0.1298-0.2296)
Russo BD (2012) 0.893 0.879-0.908 +0.0609 +0.1357 +0.1965 (0.1326-0.2604)
Pediatric Polytrauma (2012) 0.874 0.860-0.888 -0.0294 +0.0442 +0.0148 (-0.0367-0.0663)

NRI, net reclassification improvement; RI, reclassification improvement
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S7

PART VI
CONCLUSION & DISCUSSION

6.1 General findings

We performed a cross-sectional study by including 43,561 children with injury and trauma
from 34 hospitals across the country. The most common injuries were transportation, falling, and cut
and pierce, whereas the most common mechanism was blunt. The estimated overall death rate was
1.7%, and the highest was in the Eastern region (2.4%), but it was lowest in Bangkok (0.78 %). The cause
of death was highest in drowning (8.0 %) followed by weapon, fire-gun, bomb-explosion, or firework
injury (2.6%), and transportation (2.4%). The risk prediction score of death was derived and indicated
that 10 variables were significantly associated with death, which were age, intubation, physical
mechanism, injured at head, abdomen, and thorax, GCS, PR, RR, and SBP. The derived model fitted well
with the data and also gave good discrimination of death from survival subjects with the C statistic of
0.938 (95% Cl: 0.929-0.947), and 0.938 (95% Cl: 0.926-0.952), in the derived and internally validated
data, respectively. The simplified Thai-Pediatric trauma and injury scoring scheme was created,

indicating that children whose score exceeded about 3 would have high risk of death.

In Thailand, emergency medicine has developed since 2005, but the services systems have
not yet covered all specialties, particularly in Pediatric Emergency Medicine, e.g., injury and trauma care
service. These constraints are mostly due to lack of human resources, man power, medical equipment
and supply, budget, and knowledge. Most trauma and injured children are treated by general or
emergency physicians, not pediatricians who specialize in trauma care. Moreover, a well organized and
maintained trauma/injury data registry in children still needs to be setup, which will be useful in aiding
clinical decisions on allocation of treatment managements. Our study should lead to set up the data
registry which covers important variables to create risk prediction models and severity grading systems.
However, friendly software of the risk prediction model needs to be developed to encourage health
personnel in emergency settings to use it in routine practice. For user friendly and increased of
robustness, Maungkaew et al (2013) studied and established an artificial neural network system with
web based application to support the decisions of treatment and decrease mortality rate in injured

children (55).
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6.2 Our versus previous risk scores

For more than 2 decades, many risk prediction scores of death in trauma patients have
been developed mainly focusing on adult traumas, but some scores have been specifically studied in
children, e.g. PTS (30-32), PAAT (21), NISS (28,41). The PTS, originally developed in children, considered
6 variables (i.e., weight, airway, SBP, level of conscious, fracture and extremities’ lesion), in which 3
variables were similar (i.e., airway, GCS, and SBP) to our model, but the rest of the variables were not
found as significant predictors. Our model has also added more 7 significant variables (i.e., age, physical
mechanism, 3 injured body regions (head-neck, thorax, and abdomen-pelvis), PR, and RR) which were
not considered in the PTS. Our model has considered individual body regions and thus multiple injuries
rather than single injury. Each region was weighted differently following the suggestion of logistic
regression. In addition, we also considered a mechanism of injury in the model, PR, and RR. For the PR,
we considered bradycardia, tachycardia, and normal which gave more detail than just considered as
abnormal vs. normal PR. As a result, our risk score was superior than the PTS (31-32), and other which

modified score cut offs of PTS (33-34).

The PAAT (21) later modified the TRISS in pediatric patients, but it has not been externally
validated. It was also not ease to apply in general, because it used a standardized (z-score) systolic blood
pressure in the model which was not easy to calculate at an accident scene, and also the z-score was
based on the US database. As a result, applying the PAAT to Thai or other children universally is still

guestionable in its performances.

The NISS was specifically developed in children by modifying the ISS (27-28, 56-58). The
original ISS dealt with body regions using the AIS approach, which classified the severity score of body
regions (i.e., head, face, chest, abdomen, extremities and external soft tissue) into 1 to 6 (minor to un-
survival). Each region was considered only once and only the 3 highest AIS scores were summed and
considered in the ISS. Therefore, multiple trauma or injuries in the same region were ignored and would
result in under estimate of severity. The NISS later tried to solve the ISS limitation by considering the 3
highest AIS summed scores regardless of the body regions and its performance was better than the ISS;
particularly in penetrating trauma and measurement of tissue injury in multiple organ failure. The
disadvantage of ISS and NISS in inaccurate AIS scores is still carried forward, different injury patterns and
organ systems can vyield similar ISS scores in spite of different severity. Difficulties of coding and

comprehensive detailed requirements are not easy and thus useful as a triage tool. The NISS ranges
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from 1-75, in which the AIS of 6 automatically resulted in the NISS of 75, despite that organ looks very
severe, but not necessarily always fatal. Although the NISS is promising, it has not yet been commonly

included in the TRISS (37-38).

The TRISS is one of the popular scores that has been used in adult trauma and injury. The
score determines the probability of survival using RTS and ISS. Despite TRISS seems to work well to guide
physician managements especially in adult trauma, we found some limitations of applying the scores in
children. First, the RTS (i.e., physiologic assessment) used in the equation was adult-reference
physiologic based-parameters that could not directly apply to children. The age group in the TRISS was
originally designed for adults (i.e., > 55 and < 55 years) which meant no effect of age if applying in
children. In addition, some important variables (i.e., airway management and other inter-hospital

transfer factors) were not considered in the TRISS model (18, 36).

6.3 Risk factors of death

The effect of airway management on death in our model was similar to the PTS, i.e.,
intubation was worse prognosis by about 10 times higher risk of death than non-intubation. This could
be explained by the fact that patients with intubation were more severe than patients without
intubation and thus they had higher risk of death. Because the mild to severe case of injured children
usually recommends to support with oxygen and ventilation due to poor physiologic reserve, and easily
prone to y hypoxemia and hypoventilation, although they only have simple upper airway obstruction.
The airway manipulation such as adjuncts of airway (promote airway patency through ventilation
support by facemask and an ambu-bag with or without oxygen supplementation) are simple supportive
techniques which can restore oxygenation and ventilation to children. If children are categorized in
severe injury condition, the chance to rapidly worsen ventilation and oxygenation can occur anytime.

These are need endotracheal intubation and ventilation support.

The level of conscious measured by the GCS was also an important variable to predict
death. The GCS higher than 9 was as high as 2.8 times higher risk of death than the GCS lower than 9.
This corresponded with findings by Cicero, et al (59), which found that only the GCS and Glasgow motor

component could predict pre-hospital and on arrival death.
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We considered vital signs by categorizing them as low, normal, and high; not abnormal and
normal groups such the PTS did, because the physiological mechanism responses of low and high levels
of vital signs were different and thus should result in different effects. We found as we expected for PR,
but not for RR and SBP, i.e., bradycardia was far worst effect than tachycardia, i.e., about 11 and 2 times
higher risk of death than normal PR. For RR and SBP, the effects of low and high were similar and we

thus combined them as abnormal RR and SBP.

The SBP in our model showed high association with death outcome, because most
traumatic injuries usually cause blood loss, and because children have poor physiologic reserve. Also
when the child has a problem with potential respiratory distress, or respiratory failure, they can become

worse leading to hypotension and cardiopulmonary arrest more easily than adults (45).

Our model also found that age was one important predictor of death with the odds of
about 2 to 3 times higher odds in age < 5 and 6-12 than 13-19 years. This indicated that younger
children were more risky when they had trauma or injury than older children. Only the PAAT accounted
for age effects via ASPTS, whereas the PTS did not. A trend of age effect was opposite to the finding by
Nance ML et al (2010) (60) , which showed younger age had a protective effect when compared with
older age of 13-15 years. These different results might be explained by different age groups may be
exposed to different types of trauma and injury and thus resulted in different severity and risks of death.
In addition, different countries had differences in legal policy for vehicles and road traffic safety which

may indirectly affect children.

Previous predictions scores had considered conventional mechanism of injury (which was
based on surgical perspective and indirect consequences of injury), as blunt and penetrating, but this
was not found significantly associated with death in our score. Contrastingly, we found that considering
physical mechanism (which more directly caused injury), as velocity and gravity force related injury was
significantly associated with death; and thus this was added in the score, instead of blunt and
penetrating injury. Our results showed higher odds of death in gravity than velocity related injury. For
this reason, the gravity and velocity related injuries were characterized as original combined direct
forces which could predict the outcome of injury better than other type of injuries. The momentum is
an original physical force, which is the object’s mass multiplied by velocity (mass x velocity), so the larger
mass and high velocity had a chance to produce more dangerous injury or a higher chance of death. This

is why gravity is directly related to injury. In a vertical fall, the velocity increases with the height due to
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gravity. This theoretical reason might explain why velocity in vertical line (i.e., gravity) correlated with

the outcome of death.

The injured body region at head-neck, thorax, and abdominal-pelvis, were also important
risk factors of death. It was found that these injured regions moderately affected death with the ORs
about 4.6 to 5.0. Our model considered the injured regions individually and let data from logistic
regression suggest which region was significantly important risk, and how it should be weighted in the
final score. Among 6 injured regions, only 3 regions were significant risks and thus they were kept in the
final score whereas the other 3 regions (face, soft tissue, and musculoskeletal regions) were eliminated.
Calculation of the score was straight forward by weighting about 1.61, 1.62, and 1.52 for head-neck,
abdominal-pelvis, and thorax regions, respectively. This did not require extra calculations such as other
scores (e.g., AlS, ISS and TRISS) did, which were prone to error calculation. Although we did not consider
the number of injured sites because of multicolinearity with injured regions, considering individual
regions would reflect and capture the number of injured sites indirectly. As expected, injury of vital

human organs was more severe and risk to death than minor organs.

Vital signs were the most important risk factors of death particularly PR and SBP. For the
PR, bradycardia was about 11 times higher odds whereas it was about 2 times higher odds for
tachycardia when compared to normal PR. Bradycardia was an ominous sign of higher severity effect
from injury. In normal situations, the PR would increase once the child was injured. This would be a
warning sign to early administer treatment and intervention as soon as possible. If management was
delayed and the body could not compensate any more, it would change to bradycardia and blood
pressure would drop or turn to shock stage if proper treatment and management had not yet been

administered.
6.4 Calibration of scoring cutoff

The ROC curve analysis was used to calibrate score cutoffs. A discrimination capability of
each score was identified using LR*, which was a ratio of sensitivity versus 1-specificity. This parameter
has been suggested to use in diagnostic study which aims to select the new test because it has
incorporated and accounted for 2 parameters (sensitivity and specificity) at once (61). In addition, the
LR* does not depend on the prevalence/incidence of interested events like the PV' does. The LR"
indicated how much given the score cutoff would increase the pretest probability (or prevalence) of

death. Following a recommendation of User’s Guides for Evidence-based Medicine, the LR+ of > 10, 5-
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10, 2-5, and 1-2 are respectively classified as conclusive, moderate, small but sometimes important, and
very small changes of pretest probability of death. Our results suggested 3 cutoffs, i.e., 2 1.02, > 1.96,
and 2 3.06 with the LR+ of 1.26, 2.47, and 4.72, respectively (62). We named these corresponding
cutoffs as low, intermediate, and high risk of death, respectively. Children in the high risk group were
about 5 times more likely to die than survive. Although our LR+ did not reach to 10, it could moderately

shift the pretest of death from about 1.5% to 6.7%.
6.5 Use of Thai Pediatric trauma and injury score

We encourage physicians and health care providers in emergency settings to use our Thai-
Pediatric trauma and injury score in a routine practice. To calculate the score, 10 variables are needed to
measure and the score can be easily calculated as shown in the scoring scheme table 5.4. Risk
classification of our score should be able to aid in making decisions whether patients should be
transferred or treated in that trauma care center, given prompt facilities, equipment, and healthcare
personnel support. For instance, a child has been brought to a hospital with trauma care level | with high
risk classification, so s/he should be transferred straight away to a hospital with trauma care level lll and
proper management should be administered during transfer. Only low risk classification should be
observed in the trauma care level | hospital. The intermediate risk classification may be able to be

treated with close observation in the trauma care level Il hospital or transfer to the level I.
6.6 Strengthen of our study

Our study has many strengthens. First, we conducted a large scale cross-sectional study
that included data from 34 trauma care levels (12, 11, and 11 for level |, Il, and llI-1V) across all regions of
Thailand. This data provided a good picture of trauma and injury and thus was a good representation of
Thailand. Data from each trauma care level were entered to our web database which had good quality
control for data entering. All data of 43,516 patients were used to construct the risk prediction score of

death.

Second, we considered 21 factors that had been reported as risk factors of death in trauma
and injury in previous studies. Multiple logistic regression was applied to select important variables
which could predict probability of death. We considered individual variables rather than combining
them as scores, before putting them in the logit equation, as commented previously. This would let data

indicate the proper weight for each variable and yield better performance than the previous scores. In
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addition, vital sign variables were more detailed categorized as low, normal, and high rather than
categorized as abnormal and normal values. This could separate the effects of early and late

compensations of a physical body once trauma or injury occurred.

Third, we created a scoring scheme based on 10 variables which were easy to measure and
should be available in routine practice. The total score was easy to calculate and was classified as low,
intermediate, and high risk of death according to recommended score cutoffs. This should be useful for
emergency physicians and health care providers to aid in making decisions to provide proper
management. In addition, the score may be used for evaluation of the quality of a pediatric trauma care

center.

Finally, we internally validated the score using bootstrap technique with 200 replications.
With this technique, instead of splitting, the data of 43,516 children were used for construction and
internal validation. Our results suggested very low bias in both calibration and discrimination and thus

our score gave good performance.
6.7 Limitations of our study

Our study had some limitations. We did not standardized instruments used for vital sign
assessments and thus there might be measurement error and bias across different trauma care levels. In
Thailand, most emergency nurses or other health care providers in emergency services have attended
triage courses for screening and categorizing patients’ severity based on vital signs. For the current
practice, the vital signs are mostly measured by an oscillometric non-invasive blood pressure device
which is more convenient given an emergency setting and takes a shorter time for measurement than a
manual device (63). Although we did not standardize the instruments, we had meetings about twice a
year with research nurses to remind them about the technical skill of vital signs measurements. In
addition, we performed internal audits in every site during monitoring by randomly selecting 20% of

subjects to check for completeness and validity. This should have helped in minimizing error.

Second, we have not yet performed external validation of the Thai-Pediatric trauma and
injury score. Its score performance in general children outside the studied trauma care centre may be
not as good as the derived centre. To be able to do this required data from other centers those have not
been included in the derived data. This is on our priority plan for further research. Friendly software for

calculation of Thai-Pediatric trauma and injury score should be constructed. The software should be
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easily installable and be compatible with other personal digital assistant or portable electronic
computers to encouraged physicians, nurses, and other health care providers in emergency setting to

use it.

6.8 Further studies

A cross-sectional study need to be conducted which aim to externally validate our Thai-
Pediatric trauma and injury score. At least data from 5 provinces with 1 province for each region should
be collected using the same methods used in the derived phases. A software development is also
required, which can be conducted parallel to the external validation phase or wait until results of
external validation are complete. Implementation of the software and evaluation of using it in terms of
bugs and satisfaction should be evaluated. In addition, while conducting the derived phase, we found
that levels of trauma care should also be evaluated and standardised. Most hospitals had been classified
to a level based on the size of the hospitals with less consideration of facilities available in the hospitals.
Another point that should be brought to improve the quality of trauma care for our country is
transportation time. A transportation policy for trauma and injury should be set up with standardized
quality. Current resources for this including staff in emergency medicine, ambulance service for
children, medical instruments, and knowledge of medical personnel should be explored and studied.

Results of this should help the policy makers to plan for proper allocation of resources.

6.9 Conclusion

The Thai-Pediatric trauma and injury score of death has been developed and validated
using 10 variables (i.e. age, intubation, physical mechanism, injured at head, abdomen, and thorax, GCS,
PR, RR, and SBP). These variables are easy to assess and measure form routine practice. A scoring
scheme that is easily to calculate and interpret has been constructed. Children with high risk
classification require emergency treatment and management. Friendly software for this need to be
constructed and installed in a portable computer to encourage use of the software. In addition, the risk

model needs to be externally validated in the general Thai population or outside the country.
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APPENDIX A

Logistic equation

P
In[ ] = —-7.82

1-p
+ 0.65 x (Age < 5yrs)
+ 1.09 x (Age 6 — 12 yrs)
+ 1.21 x (Adjuncts Airway)
+ 2.39 x (Intubation)
+ 0.24 x (Pure velocity related injury)
+ 0.71 x (Pure gravity related injury)
+ 0.36 x (Both velocity and Gravity related injury)
+ 1.61 x (Head — neck injury)
+ 1.52 x (Thoracic injury)
+ 1.62 x (Abdominal — Pelvis injury)
+ 1.40 x (GCS < 9)
+ 2.42 x (Bradycardia)
+ 0.80 x (Tachycardia)
+ 0.79 x (Dyspnea)
+ 1.61 x (Abnormal SBP)

Abnormal vital signs : Systolic blood pressure (SBP), Pulse rate (PR; tachy-bradycardia), Respiratory rate (RR;
Dyspnea) reference abnormality cut off values from Pediatric Advanced Life Support(PALS), American Heart
Association(AHA), 2010.



APPENDIX B

Calibration of Thai-Pediatric trauma and injury score cutoff using ROC curve analysis.

Correctly
Cut point Sensitivity Specificity Classified LR+ LR-

(>=1.76e..) 100.00%  0.00% 1.50%  1.0000
(>=.2418..) 100.00%  0.17% 167%  1.0017  0.0000
(>=.3649..) 100.00%  0.26% 1.76%  1.0026  0.0000
(>=.653949) 100.00%  0.30% 1.80%  1.0030  0.0000
(>=.7115..) 100.00%  2.18% 3.65% 10223  0.0000
(>=.7902..) 100.00%  2.19% 3.66% 10224  0.0000
(>=.8017..) 100.00%  17.10%  18.35%  1.2063  0.0000
(>=.8958..) 100.00%  17.18%  18.43% 12075  0.0000
(>=1.0189) 99.84%  19.03%  20.25% 12331  0.0083
(>=1.032..) 99.84%  20.62% 21.81% 12578  0.0076 (1" Cut point)
(>=1.043..) 99.68%  27.64%  28.73% 13777 0.0114
(>=1.091..) 99.68%  27.70%  28.79% 13788  0.0114
(>=1.15516) 99.21%  33.12%  34.12% 14835  0.0238
(>=1.166..) 99.21%  3544%  36.40% 15367  0.0223

(>=1.333..) 99.21% 35.45%  36.41% 15371  0.0222
(>=1.365..) 99.21% 38.41%  39.32%  1.6108  0.0205
(>=1.444.) 99.21% 38.47%  39.38%  1.6124  0.0205
(>=1.455..) 98.90% 41.49%  42.36%  1.6903  0.0266
(>=1.456..) 98.90% 41.52%  42.38%  1.6910  0.0266
(>=1501..) 98.58% 46.41%  47.19%  1.8395  0.0306
(>=1591..) 98.58% 47.92%  48.68%  1.8928  0.0296




(Continue)

Correctly
Cut point Sensitivity Specificity Classified LR+ LR-
(>=1.60788) 98.11% 51.73%  52.43%  2.0326  0.0366
(>=1612..) 98.11% 51.74%  52.44%  2.0331  0.0366
(>=1616..) 98.11% 51.79%  52.48%  2.0349  0.0365
(>=1.63736) 98.11% 51.79%  52.49%  2.0350  0.0365
(>=1686..) 98.11% 51.79%  52.49%  2.0351  0.0365
(>=1697..) 97.63% 54.19%  54.84% 21313  0.0437
(>=1.802..) 97.63% 5421%  54.86%  2.1320  0.0436
(>=1.809..) 97.63% 54.65%  55.29%  2.1528  0.0433
(>=1.820..) 96.69% 57.28%  57.87%  2.2630  0.0578
(>=1.833..) 96.69% 57.30%  57.89%  2.2642  0.0578
(>=1.849..) 96.53% 59.20%  59.76%  2.3661  0.0586
(>=1.854..) 96.53% 59.21%  59.77%  2.3664  0.0586
(>=1.858..) 96.53% 59.21%  59.78%  2.3668  0.0586
(>=1.860..) 96.53% 59.22%  59.78%  2.3671  0.0586
(>=1.881.) 96.53% 59.43%  59.99% 23794  0.0584
(>=1.892..) 96.53% 59.72%  60.27%  2.3962  0.0581
(>=1.956..) 96.06% 60.69%  61.22%  2.4434  0.0650 (2™ Cut point)
(>=1977..) 95.90% 61.24%  61.76%  2.4742  0.0670
(>=1.997..) 95.90% 61.25%  61.77%  2.4747  0.0670
(>=2.049..) 95.90% 61.34%  61.86%  2.4807  0.0669
(>=2102..) 95.90% 61.37%  61.89%  2.4826  0.0668
(>=2123..) 95.90% 61.67%  62.18% 25019  0.0665
(>=2134..) 95.90% 62.05%  62.56%  2.5273  0.0661
(>=2155..) 95.58% 62.51%  63.01% 25494  0.0707
(>=2167..) 95.58% 62.58%  63.08%  2.5547  0.0706




(Continue)

Correctly
Cut point Sensitivity Specificity Classified LR+ LR-
(>=2185..) 95.58% 62.61%  63.11% 25563  0.0705
(>=2.225..) 95.58% 62.78%  63.27%  2.5677  0.0704
(>=2.23899) 95.58% 62.97%  63.46% 25811  0.0701
(>=2.388..) 94.95% 65.30%  65.75%  2.7368  0.0773
(>=2.39809) 94.95% 65.31%  65.76%  2.7373  0.0773
(>=3.016..) 89.59% 80.00%  80.14%  4.4790  0.1301
(>=3.020..) 89.59% 80.34%  80.48% 45574  0.1296
(>=3.040..) 89.59% 80.39%  80.53%  4.5681  0.1295
(>=3.042..) 89.59% 80.39%  80.53% 45692  0.1295
(>=3.048..) 89.59% 80.44%  80.58%  4.5810 0.1294
(>=3.052..) 89.59% 80.49%  80.63% 45923  0.1293
(>=3.056..) 89.59% 80.55%  80.68%  4.6054  0.1292
(>=3.060..) 89.43% 80.99%  81.12%  4.7057  0.1305
(>=3.063..) 89.27% 81.10%  81.22%  4.7237  0.1322 (3" Cut point)
(>=3.068..) 88.96% 81.33%  81.45%  4.7654  0.1358
(>=3.068..) 88.96% 81.34%  81.46%  4.7684  0.1357
(>=3.072..) 88.80% 82.06%  82.16%  4.9505  0.1365
(>=3.077..) 88.80% 82.18%  82.28%  4.9840  0.1363
(>=3.081..) 88.80% 82.19%  8229% 49867  0.1363
(>=3.088..) 88.80% 82.20%  82.30%  4.9900 0.1362
(>=3.099..) 88.80% 82.21%  82.31%  4.9927  0.1362
(>=3.109..) 88.64% 82.21%  82.31% 49839  0.1381
(>=3.110..) 88.64% 82.25%  82.34%  4.9933  0.1381
(>=3.114..) 88.49% 82.32%  82.41%  5.0048  0.1399
(>=3.11799) 88.17% 82.47%  8255%  5.0288  0.1434
(>=3.131..) 88.17% 82.56%  82.65%  5.0566  0.1433




(Continue)

Correctly
Cut point Sensitivity Specificity Classified LR+ LR-
(>=3.163..) 88.17% 82.57%  82.65%  5.0580  0.1433
(>=3.178..) 88.17% 82.58%  82.66%  5.0601  0.1433
(>=3.190..) 87.85% 83.02%  83.10%  5.1750  0.1463
(>=3.199..) 87.85% 83.03%  83.10%  5.1758  0.1463
(>=3.204..) 87.85% 83.45%  83.51%  5.3076  0.1455
(>=3.204..) 87.70% 83.45%  83.52% 52996  0.1474
(>=3.204..) 87.70% 83.50%  83.56%  5.3135 0.1473
(>=3.208..) 86.28% 85.59%  85.60%  5.9879  0.1603
(>=3.213..) 86.28% 85.84%  85.84%  6.0918  0.1599
(>=3.215..) 86.28% 86.01%  86.01%  6.1663  0.1595
(>=3.220..) 86.28% 86.01%  86.01%  6.1674  0.1595
(>=10.57..) 158%  100.00%  98.52% 0.9842
(>=10.65..) 1.42%  100.00%  98.52% 0.9858
(>=10.68..) 1.26%  100.00%  98.51% 0.9874
(>=1144..) 0.95%  100.00%  98.51% 0.9905
(>=11.73..) 0.79%  100.00%  98.51% 0.9921
(>=11.73..) 0.63%  100.00%  98.51% 0.9937
(>=11.83..) 047%  100.00%  98.50% 0.9953
(>=12.32..) 0.32%  100.00%  98.50% 0.9968
(>=12.82..) 0.16%  100.00%  98.50% 0.9984
(> 12.82..) 0.00%  100.00%  98.50% 1.0000
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Reclassification table by comparing our model with the Tepas 1987.
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Risk in Tepas
Risk in our model
(Probability)
Survive <0.0005 | 0.0005-0.0023 | 0.0023-0.0372 | 0.0372-0.7766 | >0.7766 Total
<0.0005 12 756 637 20 0 1,425
0.0005-0.0023 62 10,182 7,242 523 1 18,010
0.0023-0.0372 34 11,104 7,809 973 0 19,920
0.0372-0.7766 0 351 986 803 10 2,150
>0.7766 0 0 2 2 1 5
Total 108 22,393 16,676 2,321 12 41,510
Death <0.0005 | 0.0005-0.0023 | 0.0023-0.0372 | 0.0372-0.7766 | >0.7766 Total
<0.0005 0 0 0 1 0 1
0.0005-0.0023 1 14 20 0 35
0.0023-0.0372 41 86 2 134
0.0372-0.7766 38 457
>0.7766 2 7
Total 42 634

represents the number of injured children incorrectly reclassified from our model

*Yellow color represents the number of injured children correctly reclassified while blue color



APPENDIX D

Reclassification table by comparing our model with the Tepas & Ramenofsky 1988.

Risk in Tepas
& Ramenofsky
Risk in our model
model
(Probability)
Survive < 0.002 0.002-0.004 | 0.004-0.777 >0.777 Total
<0.002 11,012 7,879 543 1 19,435
0.002-0.004 11,138 7,809 973 0 19,920
0.004-0.777 351 986 803 10 2,150
>0.777 0 2 2 1 5
Total 22,501 16,676 2,321 12 41,510
Death <0.002 0.002-0.004 | 0.004-0.777 >0.777 Total
<0.002 1 14 21 0 36
0.002-0.004 41 86 2 134
0.004-0.777 335 38 457
>0.777 2 7
Total 15 131 446 42 634

*Yellow color represents the number of injured children correctly reclassified while blue color
represents the number of injured children incorrectly reclassified from our model.



Reclassification table comparing our model with the Russo 2012

APPENDIX E

Risk in Russo
Risk in our model
(Probability)
Survive <0.002 0.002-0.004 0.004-0.777 >0.777 Total
<0.002 11,012 19,435
0.002-0.004 11,138 7,809 19,920
0.004-0.777 351 986 803 2,150
>0.777 0 2 2 1 5
Total 22,501 16,676 2,321 12 41,510
Death <0.002 0.002-0.004 0.004-0.777 >0.777 Total
<0.002 1 14 21 0 36
0.002-0.004 41 86 2 134
0.004-0.777 335 38 457
>0.777 2 7
Total 15 131 446 42 634
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*Yellow color represents the number of injured children correctly reclassified while blue color
represents the number of injured children incorrectly reclassified from our model



APPENDIX F

Reclassification table by comparing our model with the Polytrauma score 2012.

Risk in Polytrauma score Risk in our model
(Probability)
Survive <0.009 | 0.009-0.405 > 0.405 Total
< 0.009 30,713 4774 18 35,505
0.009-0.405 3,546 2,270 73 5,889
> 0.405 15 85 16 116
Total 34,274 7,129 107 41,510
Death <0.009 | 0.009-0.405 > 0.405 Total
<0.009 12 62 9 83
0.009-0.405 81 437
>0.405 51 114
Total 141 634

*Yellow color represents the number of injured children correctly reclassified while blue color
represents the number of injured children incorrectly reclassified from our model



OUTPUT

1.International Journal Publications

-1. We published in International publication in BMC Pediatrics 2014

81

Publication

Title

Journals

1) Vallipakorn SA, Plitapolkarnpim A,
Suriyawongpaisal P, Techakamolsuk P,
Smith GA, Thakkinstian A

Risk prediction score for death of traumatized
and injured children

BMC Pediatr.

2014 Feb 28;14:60.
doi: 10.1186/1471-
2431-14-60

(IF=1.93)

2) Vallipakorn SA, Thakkinstian A,
Plitapolkarnpim A.

The Nationwide Survey of Child Abuse by
National Pediatric Injury and Trauma Registry
of Thailand

+Inter-CAP (An
International
Conference on
Child abuse
Pediatrics, 1-2 June
2015, Uppsala,
Sweden

(Abstract & Oral
presentation)

2.0thers e.g. national journal publication, proceeding, international conference,

book chapter, patent

-2.0ther than international publication and conference, Other of information of
Pediatric injury in one local site (Ramathibodi Hospital database) can publish 1 paper of
“The Profile of Pediatric Patients Visit Emergency Department at Urban University
Hospital in Thailand ” [Corresponding author], and author try to exact only sexually
abuse database in children and publication in other one of “The study of familial history
and associated risks of sexually abused children at Ramathibodi
Hospital”[Corresponding author] as following table;




82

Publication

Title

Journals

1) Pandee U, Vallipakorn SA,

Plitponkarnpim A.

The Profile of Pediatric Patients Visit
Emergency Department at Urban University
Hospital in Thailand.

J Med Assoc Thai.
2015 Aug;98(8):761
-7.

2) Jengtee S, Augsusingha P, Aimarom C,
Plitapolkamrpim A, Vallipakorn SA.

The study of familial history and associated
risks of sexually abused children at
Ramathibodi Hospital.

J Med Assoc Thai.
2014 Sep;97(9):923
-31.

3) Muangkaew N, Viriyapant K,
Vallipakorn SA, Techakamolsuk P.

The Severity and Mortality Forecasting
System of Pediatric Injuries using Artificial
Neural Networks.

The 9th National
Conference on
Computing and
Information
Technology
(NCCIT2013), 9™
-10" May 2013.
(Abstract & Poster
presentation)

3.0thers Applications:
Provide Knowledge and Application to Doctor & Nurse

(1) Invited Speaker on “Pediatric Injury and transportation”, Annual Conferences
Ramathibodi Home Coming Day, 20-25 September 2011, Faculty of Medicine,
Ramathibodi Hospital, Bangkok, Thailand

(2) Invited Speaker on “Pediatric Injury Data System and Its Utilization”, Safe
Community on Child safety and Injury surveillance, 12 September 2011,
Faculty of Medicine, Ramathibodi Hospital, Bangkok, Thailand

(3) Invited Speaker on “Management in Pediatric Emergency and Trauma”,
Emergency and Trauma management, 13 June 2012, The Emerald Hotel
Bangkok, Thailand

Provided Knowledge and Application to Local Community at NAN Province (

(1) 26 November 2015 12.00-12.30 PM “ Turning Injury Data into Community Action ”
Chair: Dr.Sakda Arj-Ong Vallipakorn, Ramathibodi Hospital,
Mahidol University, Thailand




83

"One Child’s Death, Thousands Children’ Lives Saved"
by Dr. Pornchai, Nan Hospital, Thailand

"From Untapping Injury Surveillance Data to Community-based Prevention"
by Dr. Pongthep Wongwacharapaiboon, Nan Hospital, Thailand

Open discussion Moderate by Chair : Dr.Sakda Arj-Ong Vallipakorn

(2) 26 November 2015 14:00-16.30 PM: “Post-congress on Child Safety Promotion”
“Training 5” (Conducted in English)

Speakers:

Professor Gary A. Smith, President of Child Injury Prevention Alliance

Dawne Gardner-Davis, Cincinnati Children’s Hospital Medical Center

Emma Jonsson, Sweden

Dr. Pongthep Wongwacharapaiboon, Nan Hospital

Dr. Pornchai Ngamsitilerk, Nan Hospital

— Dr. Waraporn Techasena, Former Deputy Director of Human Resource
Development, Nan Hospital

— Dr. Sakda Arj-Ong Vallipakorn, Ramathibodi Hospital

— Dr. Chatchai Imarom, Department of Community Medicine, Ramathibodi Hospital

— Ms. Kronwika Buntanon, Child Safety Promotion and Injury Prevention Research
Center(CSIP, Thailand)
— Ms. Yaowapa Dithayam, Talad Krieb Day Care Center

Course Attendees: 100 Medical staff

Hosted by: CIPA Child Injury Prevention Alliance, Nationwide Children’s, Nan Hospital,
Department of Community Medicine, Ramathibodi Hospital, and Child Safety Promotion
and Injury Prevention Research Center.

https://issuu.com/nansafecom2015/docs/proceeding en final



https://issuu.com/nansafecom2015/docs/proceeding_en_final

84

4. Provided useful information of injury prevention.

(4.1) dUms18310 “Uraruialaau”

unneiiday "vnatmatdau” aasiavdnfansuauneaiinians
AunsIEl

Jun 06 AsngNAY W.A. 2558 L3a1 19:58:46 1. m% 15"711'

amns:ﬁﬁﬁtﬁmiﬁmqna’mmaé‘mm wIanBenAuI halaa@ay Inauuay
tuflusdeneg arae wnndisanemasinadaulviauagiosyiaseiansmen
NI mnheatdieivaiansirviitiadussadeiudadia

wau "§lai" auasudotuLlFHEIR

"wa.n.uunios” aau 14 unluwideu 14 @1 © sU.N

s ar

MauNNEAnaT a1aadd Tadnins avnstlsvigudidaiaaiaduany
ﬂaamnuuauﬂaamzmsmmanhuﬂn ncu.,m‘mumam iiowmmaﬂmﬁuﬂ 16
aanudaud alay (Slime) wiavinaudnqSanduiniharaatasy asoqua‘m
Taalszasalinnavaasdumugandtiuasananiilinas uaaloaaanian
ansafiandule wagidduaiaau vinlvnaudnqinldtdduvasau

Link : http://www.matichon.co.th/news detail.php?newsid=1436169742



http://www.matichon.co.th/news_detail.php?newsid=1436169742

85

4
%)) RAMA UPDATT

o

o

P »l o) 000/818

LWNELGaY "Unataatday” aadtauLtfndasaunse

Rama Channel TV
Subscribed 3,021 2
— 26,656 views

+ Add to » Share eee More |‘ 03 ,' 28

ARAMA

Link : https://youtu.be/iyQQ30KcnuA

(4.2) vrunaavann “Uegrnnnuainnisilgdaildsiafaazainsinaalunyiagu”


https://youtu.be/iyQQ3oKcnuA

PR

Joyriwunnmsideniusindaiazennsininoalukiyissu

whegyrmaniUisueniinuay iasu AAIYINNITHIAIEANS AMLUNVIEAENTLSINGTUIETINBUA

WMIeNdeudna  dneuneastn  “Ugminnuvainmsidenlusiafa  (procodyl) wazemsiunea

(tramadol) Tunsiieu” lnedl 8153510501 B3UNT DINTEMAIVINUITRVAENT ALLUNNEANERNS

BINEIUIBUBUR  WvInedsuiing  ASUNANAT  81999A

PUIYTLUININYITEUININGN

ANZUINNEAENTIIINEIUIATINTUR uMTInendeading uaga.undle wuna Mnhaudiving

ANZUINVNEAARSLIINEIUIATINTUR uTinendeuiing Sauuaastnlideyaluasetisng Wetun 20

nsngIAN 2558 @ vieslszauauiiveieasuasuanulaenssuazdasiunmsuinduluen du 3

21A15UNUAUNLEY ATLNNYAENSLSINGIUIATIUITUR UMINeIduusing

NUA0a1SaIANS

86



87

Link : http://med.mahidol.ac.th/th/news/announcements/07202015-1721-th

— | e— e e =
=2 Pl o) 117/4:34

waavNdaumannnstdanidsiaaa

SRANA Rama Channel TV

(Srve s & . SQuheacrihad N2 N

Link: https://youtu.be/fOxFTaAVDvQ



http://med.mahidol.ac.th/th/news/announcements/07202015-1721-th
https://youtu.be/fOxFTaAVDvQ

NAME

DATE OF BIRTH

PLACE OF BIRTH
INSTITUTIONS ATTENDED

RESERCH GRANT

BIOGRAPHY

Sakda Arj-Ong Vallipakorn
21 May 1969
Songkha, Thialand
Mahidol University, 1988 - 1993
Doctor of Medicine
Sukhothai Thammathirat Open University, 1995-1997
Bachelor of Business Administration,
(General management)
Mahidol University, 1996-1999
Diploma Board of Pediatrics
Chulalongkorn University, 2000-2002
Diploma Sub-Board of Pediatric Cardiology
Thai Association of Family Medicine, 2001-2003
Diploma Board of Family Medicine
Thai Association of Emergency Medicine, 2006-2008:
Diploma Board of Emergency Medicine
Assumption University, 2006-2008:
Master of Science, International program
(Information and Communication Technology),
Sukhothai Thammathirat Open University, 2006-2011
Master of Arts (Information Science)
Mahidol University, 2009- 2013
Doctor of Philosophy, Clinical Epidemiology

Partially support by Thai research funding (TRF)

88



HOME ADDRESS

EMPLOYEE ADDRESS

POSITION & OFFICE

199/211 Mantana villagel, Soi Ruemmitrapatana,

Ramintra-Watcharapol Road, Bangkok, 10220,

THAILAND.

Tel: 088-6197733, 082-5662211

Section of clinical epidemiology and

Biostatistics, Faculty of medicine,

Ramathibodi Hospital, Mahidol University

Tel: 02-2011284

Lecturer, Section of clinical epidemiology and
Biostatistics, Faculty of medicine,
Ramathibodi Hospital
Mahidol University 2012-present

Faculty Staff, Pediatric Emergency Medicine,
Faculty of medicine, Ramathibodi Hospital,
Mahidol University 2004-2011

89



Manuscript in [BMC Pediatrics 2014]

90



Proceeding in [Inter CAP 2015]

91



Manuscript in [J MED ASSOC Thai, 2014-2015]

92



Proceeding in [NCCIT2013, 9*-10" May 2013.]

93



Financial Reports

0 O O O

6 months

12 months

18 months

Before closing Project

94



Vallipakorn et al. BMC Pediatrics 2014, 14:60
http://www.biomedcentral.com/1471-2431/14/60

BMC
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Risk prediction score for death of traumatised

and injured children

Sakda Arj-ong Vallipakorn'”", Adisak Plitapolkarnpim?*, Paibul Suriyawongpaisal®, Pimpa Techakamolsuk’,

Gary A Smith® and Ammarin Thakkinstian'

Abstract

was performed using a 200-repetition bootstrap analysis.

calibration bias of 0.002 (95% Cl: 0.0005-0.003).

discriminative performance in emergency room settings.

Bootstrap

Background: Injury prediction scores facilitate the development of clinical management protocols to decrease
mortality. However, most of the previously developed scores are limited in scope and are non-specific for use in
children. We aimed to develop and validate a risk prediction model of death for injured and Traumatised Thai children.

Methods: Our cross-sectional study included 43,516 injured children from 34 emergency services. A risk prediction

model was derived using a logistic regression analysis that included 15 predictors. Model performance was assessed
using the concordance statistic (C-statistic) and the observed per expected (O/E) ratio. Internal validation of the model

Results: Death occurred in 1.7% of the injured children (95% confidence interval [95% ClJ: 1.57-1.82). Ten predictors

(ie, age, airway intervention, physical injury mechanism, three injured body regions, the Glasgow Coma Scale, and three
vital signs) were significantly associated with death. The C-statistic and the O/E ratio were 0.938 (95% Cl: 0.929-0.947)
and 0.86 (95% Cl: 0.70-1.02), respectively. The scoring scheme classified three risk stratifications with respective likelihood
ratios of 1.26 (95% Cl: 1.25-1.27), 245 (95% Cl: 242-2.52), and 4.72 (95% Cl: 4.57-4.88) for low, intermediate, and high
risks of death. Internal validation showed good model performance (C-statistic = 0.938, 95% Cl: 0.926-0.952) and a small

Conclusions: We developed a simplified Thai pediatric injury death prediction score with satisfactory calibrated and

Keywords: Logistic regression, Pediatric trauma and injury score, Prediction score, Injured child, Pediatric injury,

Background

On a global scale, injury is one of the most burdensome
problems and the second most common cause of emergency
department visits in children [1,2]. The mortality rate
of injured children has decreased in developed countries,
but the decrease has been slow and minimal in South
East Asian developing countries. In Thailand, it has
accounted for almost half of all causes of deaths since
the 1990, and approximately 25% of deaths in children
(overall average = 2.37-25.7/100,000 population) [3-6].
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The Thai trauma care system was developed in the year
2000 to improve quality of care, reduce morbidity and
mortality rates, and reduce the cost of injury treatment
[7,8]. Factors associated with survival of injured children
include individual characteristics (e.g., age, gender, weight,
and underlying diseases), pre-hospital factors (e.g., injury
mechanisms, anatomic injured regions, cause of injury,
duration of transportation, and quality of first aid),
and hospital factors (e.g., trauma center type, trauma
care team experience, quality of emergency care, and
the patient’s physiologic reserve at arrival). These factors
were used to develop clinical prediction scores to predict
injury severity and survival probability, and decrease
the number of post-injury fatal outcomes. Emergency
care personnel use these scores to prioritize proper
treatment and management, allocate the trauma center
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type, physician, and team, and guide decisions about
treatment interventions.

The Trauma Injury Severity Score (TRISS) [9-12] is the
most well-known prediction score. It incorporates the
Revised Trauma Score (RTS) [13] and the Injury Severity
Score (ISS) [14]. However, the TRISS is adult-based and
thus unsuitable for use in children [15-17]. The Pediatric
Age Adjusted TRISS score (PAAT) [18] was developed by
modifying the TRISS to be more specific for use in
children. However, this score has some limitations because
it has not been externally validated, does not use adjusted
variable weighting, and only uses the three most severely
injured body regions (out of a possible six), even though
multiple regions may be injured. The New Injury Severity
Score (NISS) [19-22] addresses this problem by summing
the scores of the three most severe injuries regardless of
body region, but does not account for the relative effect
on outcome that injury of one body region may have
compared with another. The Pediatric Trauma Score (PTS)
[23,24] was designed to improve triage and management of
injured children. Unfortunately, this score performs poorly
for cases of blunt abdominal trauma, because it does not
include body region. Given the poor performance of
previously developed prediction scores, an alternative
approach for score development was investigated by
considering original variables individually rather than
scoring them before including them in the equations. This
approach accounts for the fact that different variables have
different effects on survival. Logit model results were used
to weight individual variables. We also considered for
inclusion some variables (i.e., duration of transportation,
type of injury, pre-hospital airway management) that are
not included in the previously developed scores, but that
may be relevant for our clinical setting.

The aim of this study was to develop and validate a
simplified Thai pediatric trauma and injury prediction
score of death. A scoring scheme and risk stratifications
were created, and their performance was compared with
the original [23] and modified PTSs [24-26].

Methods

Study design and setting

A multicenter cross-sectional study was performed during
April 2010 to October 2012. The study was organized by
the Thai Taskforce of Pediatric Injury, a collaboration
between Ramathibodi Hospital (Bangkok), the Bureau of
Epidemiology, the Ministry of Public Health (MOPH), and
trauma care centers registered with the National Pediatric
Injury and Trauma Registry of Thailand (NPIRT). Thirty-
four trauma care centers (12 (47%), 11 (28%), and 11
(25%) hospitals representing trauma care levels I, II, and
III-1V, respectively) participated in the study. The trauma
care levels were classified based on the MOPH National
Master Plan 1998-2009 [27].
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Selection of participants

Children aged 0-18 years who presented at the
emergency services of collaborating hospitals with the
following trauma or injury were included in the study:
falling, being struck by or against, cut or pierce, gunshot
wound, animal bite, transport injury, injury from child
abuse, burn or scald, firearm-gun, foreign body aspiration,
and drowning or near drowning. The study was approved
by the Institutional Review Boards (IRBs) of the Faculty of
Medicine Ramathibodi Hospital and the MOPH.

Data collection and processing

Before the study was initiated, the research objectives
and the roles of the collaborating sites were described
to doctors and nurses that attended a collaborative
meeting organized by our research team. Descriptions of
pediatric injury and trauma, and the study variables and
their measurements were standardized. The data were col-
lected at the collaborative sites and were then transmitted
to the central NPIRT database (http://nrpi.mahidol.ac.th),
where all trauma cases were registered. The registration
forms included patient demographic data, pre-hospital
data, injury factors and their associated risks (type and
mechanism of injury, site of injury, and injured body
region), the Glasgow Coma Scale (GCS), vital signs,
diagnosis-disposition, and outcome. Web-databases
were constructed using PHP version 5.2.9 (PHP Group,
Chittagong, Bangladesh) and MySQL client version 5.0.51a
(Oracle Corporation, Redwood Shores, CA USA) software.
Data were directly entered from individual trauma care
centers in real-time. A quality control program for data
entry was created based on possible values, variable codes,
and cross-checks to verify and validate data. Data were
checked by summarizing and cross-tabulating between
relevant variables. The local collaborative sites were
contacted when data were incorrect or missing, and the
original medical records were consulted to determine
the correct values.

Variable and outcome measures

The outcome of interest was death related to injury or
trauma within 30 days. The six domains of predictive
variables were collected which were

— Demographic and general data including age,
sex, weight, height, occupation, and geographic
region.

— Pre-hospital data were transport types and
duration, prior communication, and trauma
care level.

— Mechanism of injury including surgical perspective
mechanism (i.e., blunt, penetrating, or both) and
physiological mechanism (i.e., gravity related injury,
velocity related injury, or both).
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— Trauma related injury regions including brain and
head/neck, face, thorax, abdomen, upper or lower
extremities and external soft tissue injury.

— Airway management which were intervention,
airway adjuncts (e.g., oxygen supplementation and
positive ambulatory bag, etc.)

— GCS and vital signs including GCS, Pulse rate (PR),
systolic blood pressure (SBP) and respiratory rate (RR).

The route of transportation was sub-group based on
modes of transportation in Thailand. Own transport
defined as transported by the patient or their parent,
non-ambulance group was transported by non-ambulance
services or organized by a charity or a foundation
supervised by EMTs or paramedics, and ambulance
service was supervised by doctors, emergency physicians,
and registered or emergency nurses.

Vital signs were measured at the emergency room and
classified as follows [28]:

The SBP was defined as abnormal if SBP <60 for neo-
nates, <70 for infants, <70 + (2 x age in years) for 1-10 years
and <90 mmHg for >10 years. Otherwise it was classified
as normal. PR was classified as tachycardia if PR >190
for <2 years, >140 for >2-10 years, and >100 beats/min
for >10 years. Bradycardia was defined as PR < 60 beats/min.
Pediatric Basic and Advanced Life Support criteria
were used to classify RR as normal or tachypneic [29].
Consciousness consisted of awake, response to verbal
stimulus, response to painful stimulus, and unresponsive-
ness. The original and the modified PTS were calculated
using variables identified by Tepas et al. [23,25] and the
modified Pediatric Polytrauma score 2012 [26].

Primary data analysis

Mean and standard deviation (SD) were used to describe
continuous variables if data were normal distribution,
otherwise median and ranges were used. Frequency and
percentage were used to describe categorical data. An
overall death rate along with its 95% confidence interval
(95% CI) was estimated. Data analysis consisted of 2 phases
as follows;

Derivation phase

The 21 independent variables were included in a data
set that was used to develop risk prediction of death. A
simple logistic regression analysis was used to evaluate
the association between mortality and each of the
variables. Variables with a p-value < 0.10 were included in
a multivariate logistic model. The likelihood ratio (LR)
test with backward elimination of variables was used
to determine the most parsimonious model. Calibration
and discrimination performance of the final model
was then assessed. For calibration performance, a good-
ness of fit of the final model was assessed using the
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Hosmer-Lemeshow test [30]. A ratio of observed to
expected values (O/E) was also estimated. A receiver
operating characteristic curve (ROC) analysis was
used to estimate discriminative performance, and the
C-statistic was estimated.

The coefficients of the variables included in the final
model were used to create scoring schemes. Total scores
were calculated by summing the coefficients of all
significant variables. The ROC analysis was applied
to calibrate score cut-offs by estimating a likelihood
ratio positive (LR") for each distinct score cut-off. The
prediction scores were then classified into risk stratification
for ease of application in clinical practice [31].

Validation phase

Because the death rate was quite low, all data were
included in the 200-repetition bootstrap model used for
internal validation. For each sample, the final logistic
model resulting from the derivation phase was con-
structed, and parameters (i.e. predicted probability
and the C-statistic) were estimated. Correlations between
the observed and predicted values were assessed using the
Somer’D correlation statistic (Dpoor). Model calibration
was then assessed using Dgyig-Dhoory Where D was
the Somer’D correlation obtained from the derived
data. A value close to 0 implied an optimistic calibration.
Discrimination was also assessed by comparing the
C-statistics results of the original model with the bootstrap
modelling results [32-35].

Score performance was compared with the pre-existing
PTSs using ROC curve analysis. Net reclassification
improvement (NRI) and integrated discrimination improve-
ment (IDI) statistics were also applied [36,37]. These
measures allowed us to analyze benefit gains and losses
when using our prediction scores compared with the PTSs
scores. All analyses were performed using STATA 12.0
software (College Station, TX, USA) [38]. A P-value <0.05
was considered to be statistically significant.

Results

Characteristics of study subjects

The data from 43,561 injured children who presented at
the emergency medical services of the 34 participating
hospitals were entered and retrieved from the NPIRT
databases during the study period. Of these, 13,382 (31%),
11,750 (30%), 7,529 (17%), 4,638 (11%), 3,430 (8%), and
2,832 (7%) injured children were from the north-eastern,
southern, central, eastern, northern, and Bangkok areas of
Thailand, respectively (Additional file 1: Table S1).

The mean age of the children was 11.4+5.5 years,
median weight was 45 kg (range =7-76), and 71% were
male (Table 1). Approximately 92% of them were injured
while in their residential areas, and 39% were transferred to
the hospital by ambulance. 47% had prior communication
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Table 1 Descriptive characteristics of children
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Characteristics N (%)
Number of subjects 43,561
Demographic data

Age, years, mean + SD 11374552

Sex
Male
Female
Weight, kg, median (min-max)
Occupation
Parent care
Student
Other
Region
Bangkok
Central
North
North-east
East
South
Injury location
Resident province
Non-resident province
Pre-hospital information
Transfer route
Own transport
Non-ambulance
Ambulance
Prior communication
Yes
No
Trauma level
I
Il
Il
v
Pre-hospital support
Not needed
Not provided
Provided
Injury types and mechanisms
Injury Mechanisms
Blunt
Penetrating
Both

Non-classified

30,883 (70.96)
12,678 (29.10)
45 (7-76)

7513 (17.25)
25,790 (59.25)
10,258 (23.50)

2,832 (6.50)
7,529 (17.28)

3430 (7.87)
13,382 (130.72)
4,638 (10.65)
11,750 (26.97)

40,210 (92.33)
3342 (7.67)

12,483 (28.66)
14,137 (3245)
16,941 (38.89)

23,120 (53.07)
20,441 (46.93)

20,492 (47.04)
12,441 (28.56)
7220 (17.57)
3,408 (7.82)

22,248 (51.07)
2,812 (6.46)
18,498 (42.47)

31482 (72.27)
5,940 (13.64)
1,943 (4.46)

4,196 (9.63)

Table 1 Descriptive characteristics of children (Continued)

Physical mechanisms

Velocity-related 1,528 (8.75)
Gravity-related 8,191 (19.44)
Both 22,003 (52.21)
Non-classified 10,368 (24.60)
Types of injury
Transportation 19,928 (45.75)
Falling 7,902 (18.14)
Poisoning 461 (1.06)
Animal bite or sting 1,641 (3.77)
Struck by or against 3,426 (7.86)
Cut or pierce 3,502 (8.04)
Burn or scald 1,005 (2.31)
Fire gun or explosion 1,582 (3.63)
FB aspiration or suffocation 1,359 (3.12)
Drowning or submersion 355 (0.81)
Abuse, assault, or neglect 2400 (5.51)
Object-related injury
Chemical or food product 801 (1.84)
Home or office, work place 12,730 (29.22)
Sports equipment 639 (1.47)
Weapons 2,047 (4.70)
Transportation-related 20,317 (46.64)
Natural objects (animal) 3,362 (7.72)
Miscellaneous 3,664 (841)
Length of stay, days, median (min-max) 2 (0-63)
Outcomes

Major outcome

Survival 42,821 (98.30)
Death 740 (1.70)
Short term disabilities
Outcome
Major 1,862 (4.40)
Minor 3,624 (8.40)
None 37,334 (87.20)

with the referral hospitals before transportation. Approxi-
mately 49% of the children received first aid at the trauma
site scene, and 87% were provided appropriate assistance.
Blunt injury (72%) was the most common mechanism of
injury, followed by penetrating injury (14%). The three
most common injuries were transportation (46%), falling
(18%), and cut and pierce (8%) injuries.

The estimated overall death rate was 1.7% (95% CIL:
1.57-1.82). The death rate was highest for children from
the eastern region of Thailand (2.41%, 95% CI: 1.97-2.85),
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and lowest in Bangkok (0.78%, 95 CI: 0.45-1.10).
Drowning was the highest cause of death (8.0%),
followed by weapon, fire-gun, bomb-explosion, or firework
injury (2.6%).

Derivation phase

The entire data set (n=43,561 children) was used to
derive the risk prediction score of death. The results
of a univariate analysis revealed that 20 variables were
significantly associated with risk of death (Table 2).
Five variables exhibited multi-collinearity, so 15 variables
were simultaneously included in the multivariate logistic
model. Only 10 variables were significant and thus
were retained in the final model (Table 3; logit equation
presented in Additional file 1). The model displayed good
fit to the data (Hosmer-Lemeshow Chi square = 13.64,
d.f. =5, p=0.092; O/E ratio = 0.86, 95% CI: 0.70-1.02).
The model was also effective at discriminating between
dying and surviving children (C-statistic =0.938, 95%
CIL: 0.929-0.947; read Figure 1).

Magnitude of association was described using the odds
ratio (OR) (Table 3). Children aged 1-5 and 6-12 years
were at a 1.9 (95% CI: 1.4-2.6) and 3.0 (95% CI: 2.0-4.3)
higher odds of death, respectively, than children aged
13-18 years. The odds of death for intubated children was
about 10.9 (95% CI: 8.6—13.7) greater than the odds of
death for non-intubated children. Children that received
adjunct airway and support ventilation had a higher odds
of death (OR=3.3, 95% CI: 2.4-4.6) than children with
non-airway support management.

The physical mechanism and region of injury
domains were also significantly associated with death.
Gravity, velocity, and both physical mechanisms were
2.0 (95% CI: 1.4-3.0), 1.3 (95% CIL: 1.0-1.7), and 1.4
(95% CI: 1.1-1.9) times higher odds of death, respectively.
Head (OR=5.0, 95% CI: 4.1-6.1) and abdominal
(OR =5.0, 95% CI: 4.0-6.5) injuries were most strongly
associated with the odds of death, followed by injury to
the thorax (OR = 4.6, 95% CI: 3.5-6.0).

The odds of death for children with GCS < 9 was greater
than the odds of death for children with a GCS=9
(OR =4.0, 95% CI: 3.2-5.1). Abnormal PR, RR, and
SBP were significantly associated with death. Children
with bradycardia (OR=11.3, 95% CIL: 7.5-17.0) and
tachycardia (OR = 2.2, 95% CI: 1.8—2.8) had a significantly
higher odds of death than children with a normal PR.
Compared with children with normal RR and SBP,
children with an abnormal SBP and RR had a 5.0
(95% CI: 3.9-6.4) and 2.2 (95% CI: 1.5-3.1) times
higher odds of death, respectively.

The total risk score (0-15.16) was created by sum-
mation of all coefficients for the variables that con-
tributed to the final model (Table 4). For simplicity,
and for easier application in clinical practice, the total
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risk score was classified into four stratifications according
to its performance and distribution. The cut-offs
were <1.02, >1.02, >1.96, and >3.06, which represented
very low, low, intermediate, and high risks of death,
respectively (Table 5). The LR"s for these corresponding
risk stratifications were 1.26 (95% CIL. 1.25-1.27), 2.47
(95% CI:. 2.42-2.52), and 4.72 (95% CI. 4.57-4.88),
respectively. The positive predictive values (PV™) for these
four risk groups were 1.88% (95% CI: 1.74-2.04), 3.64%
(95% CI: 3.36-3.94) and 6.73% (95% CIL: 6.20-7.29),
respectively.

Validation phase

The 200-replication bootstrap model vyielded estimated
Dpoot and Dyigin coefficients of 0.873 (95% CI: 0.872-0.875)
and 0.872 (95% CI: 0.863—0.881), respectively, and a
percentage error of 0.20%. The estimated bias was low, at
0.0017 (95% CI: 0.0005-0.0030), which indicated that the
model was internally well-calibrated. The estimated O/E
ratio for the bootstrap data were 0.86 (95% CI: 0.70-1.02),
and the C-statistic was 0.938 (95% 95% CI: 0.926—0.952).

Comparison of performances of prediction models

We compared our model to the original PTS developed
by Tepas et al. [23,25] and the recently modified PTS, the
Pediatric Polytrauma score 2012 [26]. The C-statistics
for our score and the two other scores were 0.938
(95% CI: 0.929-0.947), 0.876 (95% CI: 0.862-0.891) and
0.874 (95% CI 0.860—0.888), respectively. Compared with
the other two models, our model was significantly
more likely to accurately discriminate between dying
and surviving children (p <0.001, Table 6).

The NRI was estimated by comparing our model to
the two alternate models. The probability of death
estimated from each model was classified using the
previously estimated score cut-offs (Additional file 1:
Tables S2 and S3). The reclassification tables were
constructed by separately cross-tabulating the alternate
model scores versus our scores by dying and surviving
groups. Our model improved the classification of
children in both the dying and surviving groups. The
percent of reclassification improvements (RI) from the
Tepas 1987 and the Pediatric Polytrauma score 2012
were 13.57% and 4.42% in the death group, with a
loss of 2.9% and a gain of 5.6% in the survival group,
respectively (Table 6). The NRIs were 16.2% (95% CI:
11.22-21.20) and 1.48% (95% CI: -3.67-6.63) for the
Tepas 1987 and the Pediatric Polytrauma 2012 scores,
respectively. This result indicated that compared with
the Tepas 1987 model, the discrimination of our
model was statistically superior. However, it was not
an improvement on the Pediatric Polytrauma 2012
model.
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Table 2 Factors associated with death, pediatric trauma and injury: univariate analysis
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Factors Group
Death n (%) Survival n (%) OR 95% Cl P-value
Demographics domain
Age, years
0-5 113 (1.2) 9,342 (98.8) 18 14-24 <0.001
6-12 131 (1.2) 10478 (98.8) 301 2.1-43
13-19 496 (2.1) 23,001 (97.9)
Sex
Female 175 (1.4) 12,503 (98.6) 1 0.001
Male 565 (1.8) 30,318 (98.2) 13 1.1-16
Weight, kilograms
<25 147 (1.2) 12,335 (98.8) T <0.001
26— 45 134 (1.3) 9,909 (98.7) 1.1 09-14
46-55 227 (2.1) 10,504 (97.8) 1.8 15-22
>55 232 (23) 10,073 (97.8) 19 1.6-24
Pre-hospital domain
Duration of transport, hours
<1 142 (1.7) 8312 (983) 1.2 09-15
1-2 299 (2.0) 14,443 (98.0) 1.5 12-18
2-3 138 (1.6) 8,555 (984) 1.2 0.9-15
>3 161 (1.4) 11,511 (98.6) 1 0.001
Airway management domain
No intervention 224 (0.6) 81 38,704 (99.4) 1 <0.001
Adjuncts (3.9 1,975 (96.1) 7.1 55-9.2
Intubation 435 (16.9) 2,141 (83.1) 35.1 29.7-415
Mechanisms and injury regions domain
Velocity-, Gravity-related mechanism
Velocity 41 (2.6) 1,541 (97.4) 30 20-43 <0.001
Gravity 97 (1.2) 8,160 (98.8) 13 1.0-18
Both 510 (2.2) 22,844 (97.8) 2.5 2.0-3.1
None 92 (0.9) 10,276 (99.1) 1
Mechanism of injury
Penetrating 69 (1.2) 5871 (98.8) 1 <0.001
Blunt 536 (1.7) 30,946 (98.3) 1.5 1.1-19
Both 56 (2.9) 1,887 (97.1) 2.5 1.8-36
Non-classified 79 (1.9) 4,117 (98.1) 16 12-23
No. of injured sites
0 82 (2.2) 3,636 (97.8) 1 <0.001
1 168 (0.7) 25,519 (99.4) 03 0.2-04
2 159 (1.8) 8,579 (98.2) 08 0.6-1.1
>3 331 (6.1) 5,087 (93.9) 29 23-37
Trauma body regions
Brain, head,neck
Yes 527 (4.8) 10,355 (95.2) 78 6.6-9.1 <0.001
No 213 (0.6) 32,466 (99.4) T
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Table 2 Factors associated with death, pediatric trauma and injury: univariate analysis (Continued)
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Face
Yes 43 (1.5) 2,903 (98.5) 0.8 06-12
No 697 (1.7) 39,918 (98.3) 1

Thorax
Yes 124 (13.1) 821 (86.9) 103 84-126
No 616 (1.4) 42,000 (98.5) 1

Abdomen, pelvis
Yes 143 (7.6) 1,743 (924) 56 47-68
No 597 (1.4) 41,074 (98.6) 1

Musculoskeletal
Yes 161 (0.9) 18,045 (99.1) 04 0.3-05
No 579 (2.3) 24,776 (97.7) 1

External soft tissues
Yes 171 (1.0) 16,196 (99.0) 0.5 0.4-06
No 569 (2.1) 39918 (97.9) 1

Wound types
Large, open (major) 449 (2.7) 16,195 (97.3) 20 1.5-2.7
Small, closed (minor) 247 (1.0) 23,466 (99.0) 08 0.5-1.0
None 44 (14) 3,160 (98.6) 1

Fracture types
Open, multiple 115 (4.0) 2,756 (96.0) 25 2.0-30
Single 198 (1.3) 14,962 (98.7) 08 0.7-09
None 427 (1.7) 25,103 (98.3) 1

Severity domain

Total GCS In-Hospital

<9 389 (18.6) 351 1,700 (81.4) 26.8 229-314
29 0.9) 41,121 (99.7) 1

Vital sign domain

PR
Bradycardia 66 (15.1) 370 (84.9) 164 124-21.7
Tachycardia 291 (3.8) 7,313 (96.2) 3.7 3.1-43
Normal 383 (1.1) 35,138 (98.9) 1

SBP
Abnormal 164 (7.7) 1,960 (92.3) 59 5.0-7.1
Normal 576 (1.4) 40,861 (98.6) 1

RR
Tachypnea 611 (2.1) 28,986 (97.9) 23 19-27
Normal 129 (0.9 13,835 (99.1) 1

Consciousness (AVPU)
Awake 313 (0.8) 39,722 (99.2) 1
Verbal 33 (28) 1,161 (97.2) 36 25-52
Pain stimulus 30 (74) 377 (92.6) 10.1 6.8-149

Unresponsiveness 364 (19.0) 1,561 (81.1) 296 25.0-35.0

0.298*

<0.001

<0.001

<0.001

< 0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001
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Table 3 Results for multivariate logistic regression
analysis of factors associated with the outcome variable,
death

Factors Coefficient SE  P-value OR (95% Cl)
Age, years
<5 0.65 016  <0.001 19 (14-26)
6-12 1.09 019  <0.001 30 (20-43)
13-19 1
Airway management
ET intubation 2.39 012 <0.001 109 (8.6-13.7)
Adjuncts 121 0.16  <0.001 33 (24-46)
None 1
Physical mechanism
Velocity-related 0.24 0.14 0.08 13 (1.0-17)
Gravity-related 071 020  <0.001 20 (1.4-3.0)
Both 036 0.15 0013 14 (1.1-1.9)
None 1
Head-neck injury
Yes 1.61 0.10  <0.001 50 (4.1-6.1)
No 1
Thorax injury
Yes 1.52 0.14  <0.001 4.6 (3.5-6.0)
No 1
Abdomen-pelvis injury
Yes 1.62 013 <0.001 5.0 (4.0-6.5)
No 1
GCS
<9 1.40 012 <0.001 4.0 (3.2-5.1)
29 1
PR
Bradycardia 242 0.21 <0.001 11.3 (7.5-7.0)
Tachycardia 0.80 0.11 <0.001 22 (1.8-2.8)
Normal 1
SBP
Abnormal 161 0.12 <0001 50 3.9-64)
Normal 1
RR
Abnormal 0.79 021 <0001 2.2 (1.5-3.1)
Normal 1
Discussion

Thirty-four hospitals across Thailand contributed
data for a cross-sectional study of 43,561 injured and
traumatized children. The most common injuries were
transportation, falling, and cut and pierce injuries. Blunt
injury was the most common mechanism of injury. The
estimated overall death rate was 1.7%. The highest death
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Figure 1 Receiver-operator characteristic (ROC) curve, Thai
Pediatric Trauma and Injury Score, derivation data set.

rate occurred in the eastern region of Thailand (2.4%),
and the lowest death rate occurred in Bangkok (0.78%).
Drowning (8.0%) was the most common cause of death,
followed by weapon, fire-gun, bomb-explosion, or
firework injury (2.6%), and transportation (2.4%). The
major causes of injured child death in Thailand were
transportation (46%), falling (18%), and cut and pierce
(8%) injuries. These results differ from results for the U.S.,
where transportation (48%), suffocation (19%), and
drowning (13%) injuries represent the major causes of
death for individuals 0-19 years in age [39]. In Europe,
the major causes of death for individuals 0-19 years in
age were transportation (23%), drowning (17%), and
poisoning (7%) injuries [40].

The risk prediction score of death that was derived
from our study indicated that 10 variables were signifi-
cantly associated with death (age, intubation, physical
mechanism, injury of head, abdomen, or thorax, GCS,
PR, RR, and SBP). The derived model displayed a good fit
to the data and discriminated dying from surviving subjects.
The C-statistics were 0.938 (95% CI: 0.929-0.947),
and 0.938 (95% CI: 0.926-0.952) for the derived and
internally validated data, respectively. A simplified Thai
pediatric trauma and injury scoring scheme was created,
which indicated that children with a score >3 had a higher
risk of death.

Emergency medicine has developed in Thailand since
2005, but the systems and services do not yet include all
specialties, particularly specialties included in pediatric
emergency medicine. Lack of human resources, medical
equipment and supplies, low budgets, and lack of
knowledge have contributed to this deficit. Most of the
children that experience physical trauma and injury are
treated by general or adult emergency physicians. A
well-organized and maintained trauma/injury data registry
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Table 4 Thai pediatric trauma and injury scoring scheme

Factors Score

1) Age, years

<5 0.65

6-12 1.09

213 0
2) Airway

Intubation 239

Adjuncts 1.21

No intervention 0
3) Physical Mechanisms

Pure velocity 0.24

Pure gravity 0.71

Both 0.36

None 0
4) Head-Neck injury

Yes 161

No 0
5) Thoracic injury

Yes 1.52

No 0
6) Abdomen-pelvis injury

Yes 1.62

No 0
7) GCS

<9 1.40

29 0
8) Pulse rate

Bradycardia 242

Tachycardia 0.80

Normal 0
9) Respiratory rate

Abnormal 0.79

Normal 0
10) Systolic blood pressure

Abnormal 1.61

Normal 0

Total 0-15.16

for children still needs to be established, which would aid
clinical decision-making for treatment management
allocations. Our study should lead to the establishment of
a data registry that includes the important variables
necessary to create risk prediction models and severity
grading systems. The risk prediction model should include
user-friendly software to encourage health personnel in
emergency settings to use it in routine practice.
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Ours versus previous risk scores

Few previous risk scores have been specifically developed
for children (e.g., PTS [23-26], PAAT [18], NISS [19-22]).
The PTS includes three variables that were included in
our scoring system (i.e., airway, GCS, and SBP), but the
other PTS variables were non-significant predictors in our
model. Our model added seven significant variables
(i.e., age, physical mechanism, three injured body regions
(head-neck, thorax, and abdomen-pelvis), PR, and RR).
Inclusion of individual body regions, and thus multiple
injuries with different weights, was also considered based
on the results of the logistic regression modeling. We also
considered mechanism of injury, PR, and RR in our
model. For PR, we considered bradycardia, tachycardia,
and normal, which was more detail than simply using
abnormal or normal PR. Therefore, our risk score was
superior to the PTS [23] and to the other score, which are
modified PTS score cut offs [24-26].

Although the NISS was specifically developed for
children by modifying the ISS, it has not often been
included in the TRISS [9-12]. This low use may be
because NISS coding is complex, and the comprehensive
detailed requirements of this system make it impractical
for use as a triage tool.

Risk factors for death
In our model, the association between airway management
and death was similar to the PTS.

Children who were intubated had a risk of death
10 times greater than that of non-intubated children,
and higher risk than other factors from multi-logit
model (Table 3). The airway manipulation should be
urgently performed to restore oxygenation and ventilation
due to poor physiological reserve in children. These
evidences were supported by Schafermeyer [41] which
showed that aggressive airway and hemodynamic
resuscitation were essential to critically injured child.
Woosley et al. [42] emphasized that airway and ventilation
were the first priority to improvement of thoracic injury in
children. Likewise of severe traumatic brain injury,
Boer et al. [43] showed the association of adequate
airway management, prevention of hypoxia and hypo-
hypercapnia were major components of trauma care
improvement. Avarello et al. [44] and Brindis et al. [45]
have also suggested aggressive resuscitation which
included intubation was indicated to injured patient
to improving their results.

Consciousness (measured by GCS) was also an important
variable to predict death as an outcome. This result
was similar to Cicero et al. [46] who found that only the
GCS and Glasgow motor component could predict pre-
hospital and on-arrival death. We considered vital signs
by categorizing them as low, normal, and high, which was
a more detailed approach than the abnormal and normal
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Table 5 Risk classification of death, thai pediatric trauma and injury score
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Score Risk groups Score development discrimination capacities

cut-off Outcome Sensitivity Specificity LR*(95% CI) PV*(%)
Death Survival (%) (%)

<1.02 Very low 1 8,559

21.02 Low 25 16,862 99.84 20.61 1.26 (1.25-1.27) 1.88 (1.74-2.04)

2196 Intermediate 42 8,244 95.90 61.24 247 (242-252) 3.64 (3.36-3.94)

23.06 High 566 7,845 89.3 81.00 4.72 (457-4.88) 6.73 (6.20-7.29)

LR*, likelihood ratio positive; PV*, positive predictive value.

categories used by the PTS. As expected, for PR we found
that bradycardia was associated with a greater odds of
death than tachycardia (ie., an approximately 11 times
(bradycardia) and 2 times (tachycardia) higher risk of
death than a normal PR). The effects of low values
and high values were similar for the RR and SBP variables,
so we combined them as abnormal RR and SBP. PR
increased after the child was injured, which was an
indication for early treatment administration and
intervention. If management was delayed and the
body could not continue to compensate, bradycardia
would occur, blood pressure would drop, and shock
would result.

Age was an important predictor of death. The odds of
death were about 2 to 3 times higher for the children
from the <5 and the 6-12 age groups than they were for
the children from the 13-19 year age group. Only the
PAAT has accounted for age effects via the Age-specific
Pediatric Trauma Score (ASPTS). This age effect trend
contrasted with Nance et al. [47], who found that
compared with an older age of 13—15 years, a younger age
had a protective effect. This difference might be explained
by differences in exposure for the different age groups
(i.e., dissimilar based line of physiologic reserve among
age group, different types of trauma and injury result in
differential injury severity and risk of death). Different
countries also have different vehicle and road traffic safety
regulations, which may indirectly affect trauma and injury
risk in children.

Previous prediction scores included conventional mech-
anisms of injury (e.g., blunt and penetrating injuries), but
these were not significant for our population. Physical
mechanisms of injury (i.e., velocity and gravity) were
significantly associated with death in our study and
were included in our score. There was a greater odds

Table 6 Comparison of model performance

of death for gravity-, compared with velocity-related
injury.

The body regions head-neck, thorax, and abdominal-
pelvis, were also important risk factors. These injured
regions moderately affected the odds of death, with ORs
of approximately 4.6—5.0. Our model considered injured
regions individually and allowed the data from the logistic
model to indicate which regions represented a significant
risk, and how they should be weighted in the final score.
Among six injured regions, only three of them were
significant risk factors. The face, soft tissue, and musculo-
skeletal regions were not included. The weights of
1.61, 1.62, and 1.52 were applied to the head-neck,
abdominal-pelvis, and thorax regions, respectively. Unlike
other scores (e.g., AIS, ISS and TRISS), our score does not
require additional calculations. This characteristic will
reduce error at the trauma site scene.

Calibration of scoring cutoff

The ROC curve analysis was used to estimate score
cut-offs. The discrimination capability of each score was
identified using LR", which was a ratio of sensitivity versus
1-specificity. This parameter is useful for the selection
of new diagnostic tests because it incorporates both
sensitivity and specificity [48]. Unlike positive predictive
value, LR" does not depend on the prevalence/incidence
of the event of interest. The LR" indicates the degree
to which a score cut-off would increase the pretest
probability (or prevalence) of death. The User’s Guide
for Evidence-based Medicine [49] specifies that LR* Values
of 210, 5-10, 2-5, and 1-2 should be respectively classified
as conclusive, moderate, small but sometimes important,
and very small changes in pretest probability of death.
An examination of our results suggested that 3 cut-
offs, >1.02, >1.96, and >3.06, with the respective LR"s

Models ROC Area 95% Cl Survival RI Death RI NRI (95% Cl)

Our model 0.938 0.929-0.947 - - -

Tepas (1987) 0.876 0.862-0.891 +0.0564 +0.1057 +0.1621 (0.1122-0.2120)
Pediatric Polytrauma (2012) 0.874 0.860-0.888 —0.0294 +0.0442 +0.0148 (-0.0367-0.0663)

NRI, net reclassification improvement; Rl, reclassification improvement.
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of 1.26, 2.47, and 4.72, should be used. We designated
these cutoffs as low, intermediate, and high risk of
death, respectively. Children in the high risk group
were approximately five times more likely to die than
survive. Although none of our LR" Values were as high as
10, they moderately shifted the pretest probability of death
from 1.5% to 6.7%.

Use of the Thai pediatric trauma and injury score

We encourage staff in emergency settings to use our score
in routine practice among internally validated sites. Score
estimation requires the measurement of 10 variables, and
it is easily calculated (Table 4). The risk classification
feature of our score should aid in the determination
of whether patients should be transferred from, or treated
at, a particular trauma care center, given the acute care
facilities, equipment, and health care personnel. Only
a patient with a low risk classification should be treated at
a trauma care level III-IV hospital. A patient is classified
as at intermediate risk classification may be treated
(with close observation) at a level II hospital or transferred
to a level I facility.

The outcomes will be compared and explored to find
gap for improvement, and bring to develop the guidelines
for trauma management of injured children in future.
Within the scope of our study was developed injury
prediction score of death for Thai injured children. This
phase was only conducted among 34 multisite centers
across Thailand with internal validation. We have not
performed an external validation to ensure that the
benefits of our score in different countries or networks have
not been tested. The external validation is a next priority. A
cross-sectional study that includes data from at least five
provinces (one province for each region) will be collected
using the same methods used in the score development
phase. Development of portable personal computer
software for score assessment is also necessary for
widespread use of the score. Software development
may be performed in parallel with the external valid-
ation phase or may be delayed until the results of
external validation are complete. Before transfer to
the user, the software should be tested for errors and
for user satisfaction.

Limitations

Some of the limitations indicated that the level of
trauma care should be assessed and standardized.
Most hospitals have been classified according to the
size instead of available facilities. Improvements in
transportation time will also improve the quality of
trauma care in Thailand. A standardized trauma and
injury transportation policy should be implemented.
Development of the policy should include assessment of
the availability of pediatric staff in emergency medicine,
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ambulance services for children, specialized medical
instruments, and knowledgeable medical personnel.
Consideration of these aspects will help policy makers
to plan proper allocation of resources.

Conclusions

A 10-variable risk prediction score of death was developed
and validated. The variables included in the score were
age, intubation, physical mechanism, head, abdomen, and
thorax injury, GCS, PR, RR, and SBP. These variables are
simple to assess and measure in routine practice. The
scoring scheme is simple to calculate and interpret.
Children with a high risk classification require prompt
emergency treatment and management. Development of
error-free and user-friendly software for installation in
portable electronic is necessary so that widespread use of
the score can be implemented.
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The Nationwide Survey of Child Abuse by National Pediatric Injury and Trauma Registry
of Thailand (NPIRT)
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Study Objective

Child abuse was top five rank causes of preventable premature death in Thai children. However,
the master of national database of child injury integrated with well-designed child abuse database
has not been established and successful implementation in Thailand. We aimed to develop the
prototype of multicenter national injury database and surveillance of child injury in Thailand
with consists of comprehensive of child abuse database.

Methods
Our National Injury Database (NPIRT) included all injured children participated from 34
emergency services across country during 2010-2012. The descriptive analytic of child injury
surveillance such as age group, sex, pre-hospital factors and support, vital signs, GCS,
mechanism and type of injuries included with child abuse components and outcome were
analyzed.

Results

Of these 43,516 from NPIRT, The incidence of child abuses occurred 2,400 cases (5.7 %), Male:
Female 1.4: 1. The death rate of child abuse was higher in male than female. Mean age 15.3 +
3.32 years. 92% of children were injured mainly within their residential areas. Only One-third
were transferred by ambulance. About 37% had prior communication with the referral hospitals
and healthcare worker before transportation. 34% of children had initial first aid at scene and
29% were provided appropriately. The mainly mechanism of child abuses were physical blunt
injury (51%) followed by penetrating (5%). Most of common injuries were physical abuse (2,309
cases, 95%), and following with sexually abused (91 cases, 5 %). The overall child abused death
was 9 per 1,000 victims.

Conclusions

The NPIRT included with child abuse information was provided as the nationwide
comprehensive injury database of Thailand. It was a useful tool to identify the incidence all of
death in Thai injured children. It can explore the causes of injury child death integrated with
child abuse injury information, their association factors and high risk of injury mechanism that
can incorporate to future preventive strategy.

KEY WORDS: INJURY DATABASE, PEDIATRIC INJURY, CHILD DEATH, NPIRT, TYPE OF INJURY,
CHILD ABUSE



The Profile of Pediatric Patients Visit Emergency
Department at Urban University Hospital in Thailand
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Background: There is an absence of data describing pediatric patients who visit Emergency Department (ED) in Thailand.
Therefore, this report creates a profile of pediatric emergency room visit at a university hospital in Thailand.

Material and Method: The retrospective data of the pediatric patient aged less than 15 years that visited ED at Ramathibodi
Hospital, Mahidol University, Bangkok, Thailand between fiscal year (FY) 2002 and 2011 were reviewed. The Electronic
Medical Record Tracking was extracted. Demographic characteristic, acuity level, timing, and presumptive diagnosis were
reviewed.

Results: During the 10 years of the data collection, 122,037 pediatric patient visited ED, thus, approximately 12,000 visits
per year. Pediatric patients account for an average of 18% of hospital patients. Medical condition accounted for 95.21%
of the visits followed by trauma at 4.77%, and death at 0.02%. The triage categorized patients into critical, emergency,
urgency, and non-emergency, consisting of 0.6% as critical patients, 37.6% as emergency patients, 52.5% as acute illness,
and 9.3% as non-emergency patients. The three most common diagnosis were upper respiratory tract infection, acute febrile
illness, and acute gastroenteritis. Patient usually visited ED in the evening shift 44% (4 p.m. to midnight), followed by
morning shift 40% (8 a.m. to 4 p.m.), and overnight shift 16% (midnight to 8 a.m.). There were two highest peaks of ED
visit, in June, during the rainy season, and in January, during the winter.

Conclusion: Pediatric patients attending the emergency service were mostly for medical conditions. Acute illnesses were

the major group of pediatric patients. A small proportion of visits in ED were true emergencies.

Keywords: Pediatric emergency, Emergency service, Emergency medicine, EMSC, EDIS

J Med Assoc Thai 2015; 98 (8): 761-7
Full text. e-Journal: http://www.jmatonline.com

Emergency department (ED) is the essential
and important front line of medical care provided by
the hospital®. The ED takes care of patient of all ages,
24 hours per day, 7 days a week, in all specialties.
According to characteristic, a hospital with a General
ED serves all ages and types of patient, while a hospital
with a pediatric ED takes care only of children. The
perspectives and modalities of emergency care for
children are different from adult. Understanding
the epidemiological and clinical data of children
emergencies will help plan for an effective emergency
care for children. Furthermore, this information could
help identify common illnesses likely to present at ED
enabling early intervention to prevent morbidities and
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mortalities among pediatric emergency services®?.
From current US report, children accounted for 4 to
10% of all emergency medical services at an ED®, A
few reports from Asia showed that children comprise
of 25 to 32% of total ED visit®”. There is a large
difference in number between the US and Asian reports.
In Thailand, there is a lack of updated report and
published epidemiological data of pediatric patient in
emergency care and visits.

The objective of the present study was to
report the characteristics and trend of pediatric
emergency department visits over a 10-year period at
an urban university hospital in Thailand.

Material and Method
Study design and population

A retrospective analysis of the Electronic
Medical Record (EMR) of the ED from the Faculty of
Medicine Ramathibodi Hospital, Mahidol University
of the children aged 0 to 15 year between 2002 and
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2011 was done. The faculty of Medicine, Ramathibodi
Hospital is a 939-bed urban teaching university hospital
in Bangkok, Thailand. There are three main health
services building (Main building provides general
care and emergency services, Queen Sirikit Building
provides general care and transplantation, and Somdech
Phra Debaratana Building provides comprehensive
care and advanced services).

The ED is located in the main building,
providing the emergency medical services and
prehospital care for both adult and pediatric patients
with 24-hour service. For ED, the electronic clinical
data record includes all patient data, investigations,
radiographic reports, and finding. This data is entered
into the in-house software system called Rama-EDIS
and Patient Tracking system.

Data collection

Data was extracted from Rama-EDIS and
Patient Tracking System included the demographic
data as well as the clinical characteristic (medical or
surgical condition), triage acuity (four levels for triage
categories, triage level 1 for crisis condition, triage
level 2 for urgent condition, triage level 3 for acute
illness and triage level 4 for non-urgent or non-acute
illness), diagnosis, time of the day, and distribution of
patients by month.

Data analysis

The data was analyzed using descriptive
statistics, including mean and standard deviation
(SD). Numbers, percentage, and proportion were also
analyzed for clinical and demographic characteristics.
Comparison of demographic data and interested
parameters between groups of patients were evaluated
by Mann-Whitney U, Fisher’s exact or Chi-square test.
A p-value <0.05 was considered statistically significant.

The statistical analysis was performed using STATA
13.

Ethical approval

The present study was conducted in accordance
with the principles of the 1975 Declaration of Helsinki
and was approved by the Ethical Clearance Committee
on Human Rights Related to Researches Involving
Human Subjects, Faculty of Medicine, Ramathibodi
Hospital, Mahidol University (Protocol ID 04-56-16,
MURA2013/296).

Results

During 10 years of the present review,
122,037 pediatric patients visited the ED, averaging
12,204 visits per year. Most patients were male
(M:F =1.25:1). The trend of ED visit was decreasing
from 13,689 visits (FY 2002) to 9,234 visits (FY 2011),
see Table 1. The proportion of pediatric patient ranged
from 13.54% to 19.63% with average 17.76% of total
patient visiting ED.

Medical and surgical conditions: Medical
condition was attributed to 116,192 cases (95.21%)
and trauma was 5,823 cases (4.77%), see Fig. 1.

Triage and acuity: The ED, Ramathibodi
Hospital has been using Triage and acuity Software
(Maleewan V, et al) for more than 15 years, customized
to four levels according to the emergency level. The
triage categories level 1 was assigned to real crisis
condition, triage level 2 for urgent condition, triage
level 3 for acute illness, and triage level 4 for non-
urgent or non-acute illness. The most frequent was
triage level 3 (52.5%), followed by triage level 2
(37.6%), triage level 4 (9.3%), and level 1 (0.6%), see
Table 2.

Diagnosis: The most common diagnosis of
ED visits were acute nasopharyngitis (ICD10; J02),

Table 1. Characteristic of pediatric patient visit emergency department (ED)

Year (n) 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 Total
Total medical cases 13,038 12,717 12,945 12,950 12,580 11,543 11,587 10,459 9,840 8,533 116,192
Critical 161 113 72 52 45 55 44 51 36 21 650
Emergency 5,936 5,369 5,179 4,712 4261 4,009 4,023 3,554 3,611 3,024 43,678
Urgency 6,372 6,032 6,435 6,775 6,841 6,089 6,316 5842 5320 5,007 61,029
Non-emergency 569 1,203 1,259 1,411 1,433 1,390 1,204 1,012 873 481 10,835
Total trauma cases 644 570 620 535 597 525 593 521 518 700 5,823
Total death 7 2 2 1 2 2 1 3 1 1 22
Total pediatric cases 13,689 13,289 13,567 13,486 13,179 12,070 12,181 10,983 10,359 9,234 122,037
Total ED cases 69,729 71,170 71,608 71,717 70,564 66,260 66,857 65,612 65,586 68,198 687,301
(percent) (19.63) (18.67) (18.95) (18.80) (18.68) (18.22) (18.22) (16.74) (15.79) (13.54) (17.76)
762 J Med Assoc Thai Vol. 98 No. 8 2015



followed by unspecified fever (ICD10; XX) and
gastroenteritis (ICD10; A09), see Fig. 2.

Timing: The working hours of emergency
physicians and nurses in ED were divided into eight
hours per shift, three rotated shifts a day. The morning
shift was from 8 a.m. to 4 p.m., evening shift was from
4 p.m. to midnight, and the night shift was from
midnight to 8 a.m. of the next day. Most pediatric
patients significantly visited ED at evening shift 44%,
then morning shift 40%, and night shift 16%
respectively (p-value <0.05).

Seasonal variation: Distributed by the month,
there were two peak months of ED visit, in June, during
rainy season, and in January, during winter, see Fig. 3.

Discussion

There are not many reports on the
characteristics or epidemiologic data of pediatric
emergency service at ED in both developed and
developing countries®”. Types of ED responsible to
take care of children are ED of children hospital or
pediatric emergency section within general ED. In
Thailand, there is only one children hospital, Queen
Sirikit National Institute of Child Health. Because of
this, most of the pediatric emergency cares take place
within the general emergency department as in our
hospital. To date, there is no report about profile or
characteristics of pediatric ED visit among emergency
services in Thailand. The present study is the first
reported profile of pediatric emergency visit in
Thailand, in the setting of pediatric ED in the general
emergency department.

The present study showed that the proportion
of pediatric patient visiting ED averages 17.76% of the
total ED visit. The National Hospital Ambulatory
Medical Care Survey done in United States between
1997 and 2000 showed 110.9 million ED visits by
children aged less than19 years, and Pediatric patients
constituted 27.3% of all ED visits during that time®.
A report from the South Korean National Emergency
Department Information System (NEDIS) analyzed
the pediatric visits (<19 years old) between 2008
and 2010. It reported that 2,072,664 children visited

Table 2. Triage categorize for medical conditions

Medical condition: (n = 116,192 patients) n (%)
Triage level 1: Crisis condition 650 (0.6)
Triage level 2: Urgent condition 43,678 (37.6)
Triage level 3: Acute illness 61,029 (52.5)
Triage level 4: Non-urgent or non-acute illness 10,835 (9.3)

J Med Assoc Thai Vol. 98 No. 8 2015
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Fig.1  Characteristic of medical and surgical condition
of pediatric patient visit emergency department by

year.
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Fig.3  Distribution of pediatric patient attended the

emergency services by month.

124 EDs during the study period. It also stated that
these visits were 31.2% of the total ED visits®. The
report from the National Health Insurance Research
Database of Taiwan stated that during the 10 years,
between 2000 and 2009, children accounted for 25%
of all emergency cases”.

The trend of emergency department use in the
United States increased substantially, both for adult
and children, from 90 to 110 million between 1992 and
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200219, This is in contrast to our report that the
children using emergency department had decreased
from 13,689 visits in 2002 to 9,234 visits in 2011. This
may be explained by the fact that our hospital has
opened a new pediatric ambulatory office building
that serves patients with insurance coverage, thus,
allowing them to choose medical care that is different
from the routine universal coverages provided by the
government. The choices of pediatric emergency care
are increasing after successfully introducing Emergency
Medicine specialist in 2006. The physicians care and
expertise also extend to the private hospital sector that
provides a convenient service to parents of middle to
higher income. The number of pediatric emergency
visits may have decreased due to the coverage area that
has been assigned as Emergency Facility Care Level
by the Ministry of Public Health. Some of patients
may be distributed to at least two specific pediatric
emergency care, Queen Sirikit National Institute of
Child Health and King Mongkut Military Hospital,
which were nearby.

In the four-triage categories, the most visited
was acute illness (52.5%) for real emergency. The
crisis condition accounted for 0.6%, the other urgent
condition was 37.6%, and non-urgent/non-acute
illness was 9.3%. According to the trend of pediatric
emergency department utilization, most of them are
non-urgent care. Compare to the report from US study
epidemiology of pediatric department at urban
medical center, nearly half of pediatric emergency
visits were for non-urgent care (46.0%), and other
42.0% sought urgent care exclusively, 12% received
both urgent and non-urgent care®. Our report showed
that the medical conditions composed of more than
95% of all visits while surgical complaint was about
5%. Compared to the report from South Korea, the
ED visits with medical condition were 71%, whereas
surgical conditions were 39%. This may be explained
by that they included the data from some EDs that
have a trauma center.

From the present study, the most common
diagnoses were acute respiratory tract infection
(common cold), fever, and gastroenteritis. Most of
them were non-emergency visit. Compared to reports
from US, common non-emergent visits included mild
asthma, viral syndromes, otitis media, allergy, or minor
injury’®. In Asia, the report from South Korea showed
that the most important complaint was fever (37.4%),
whereas many older children presented with abdominal
pain (15.4%)©. The report from India showed that the
highest complaints were gastrointestinal and respiratory

764

illnesses (23% each), neurological emergencies (16%),
and neonatal problems (15.6%)“!'". Recently, the
report from Taiwan showed acute upper airway
infection, fever, and acute gastrointestinal illness
as the most common diagnoses among all non-
hospitalized children, similar to our study. Of these
4.5% required subsequent hospitalization, and their
most common diagnosis was fluid/electrolyte
disorder, upper/lower airway infection, and acute
gastrointestinal illness®.

About work hour shifts, our study showed
that pediatric patient visited ED during evening time,
more than morning and nighttime. These finding may
be explained by the location of our hospital, which is
located at the urban center and most parents work
during daytime and brought their children to ED after
working hour. The second reason was the parent
perceived attitude that they received faster service
than in the morning shifts due to crowding patients.
This has been reflected from survey reports.

There are strong seasonal variations in
clinical presentation at ED. There are two peak periods,
which are the winter and the rainy season. January and
June are the most active months at the ED. Compared
to the study from India®'", the maximum number of
patients were seen in the monsoon months of July
and August. The awareness of seasonal variation in
the number and incidence of common pediatric
emergencies is important for planning as well as
preventive action of common illness.

There were few reported death at ED. Our
report indicated 0.02% (22 cases from 122,037 patients
in 10 years) mortality rate. A study from Egypt(?
reported overall mortality rate was 0.8%. Study from
India"” reported about 2% of patients died within
24 hours of hospitalization from ED. The study from
Turkey!'® reported the net mortality rate was 2.9%,
infectious diseases being the most common cause of
mortality. Both studies reported the death after
admission to the hospital but do not report death at
ED.

Preparation and improvement of the quality
of care in ED is based on the characteristic of patients
who visit ED!?. The epidemiologic and clinical data
will help to initiate guideline for practice and strategy
to promote first-line emergency service for children at
EDU819 The epidemiological result from the present
study will help towards pediatric emergency plan
as well as initiate guideline of common pediatric
emergency problem and quality improvement of
pediatric emergency care in the future.

J Med Assoc Thai Vol. 98 No. 8 2015



Conclusion

We reported the profile of pediatric emergency
room visit, most were acute illness. Real emergency,
critical conditions were making up a small proportion.
The clinical data will help in setting up pediatric
emergency’s strategy plan to improve the pediatric
emergency care, both in academic and service
prioritized on teaching and training both undergraduate
medical students and postgraduate physicians.

Limitations

The present study had some limitations.
First, our study was reported from a single institute at
the university hospital. The data may not represent
the other ED settings. Other limitation was due to
extracting data from EMR where some data such as
cause of death could not be explored in-depth.

What is already known on this topic?

The overall picture of EMSC (Emergency
Medical Services of Children) in Thailand has not
been established despite that the Emergency Medicine
training has been initiated for more than five years
already. We still lack a database of children who visited
to emergency services in the aspect of descriptive
characteristics of diseases that lead these patients to
Emergency visit. Baseline characteristic and amount
of patients in each shift is useful to anticipate the
resource requirement for emergency management,
based on time of the day and the season. We need to
know the factors that are used to prepare and improve
the quality of care in ED.

What this study adds?

The present study described EMSC in
Thailand, which is one small part of the general
emergency service. The amount of EMSC in this urban
area is nearly one fourth of the overall emergency
services, which is less than in rural area. The reason
could be due to the well-developed ambulatory
pediatric care in urban area and the density of
medical care and services. The services provided to
patients differ because of the number of patients, the
rate of arrival and the staff available. Furthermore,
seasonal variations, epidemic, school academic
calendar, and holidays affects the demand for the
service. By using this database, the mortality and
quality of emergency service in different areas can be
anticipated along with labor, facility of healthcare
equipment, and professionalism. The results of this
10 years study may show a big picture of EMSC may

J Med Assoc Thai Vol. 98 No. 8 2015

help improve the direction and policies of services
in the future.
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Background: Nowadays, the incidence of sexual abuse in children is increasing especially in Thailand and the ASEAN
countries. However, the study of risk factors in family history is limited.

Objective: Assess the significant family background and family history risks of sexually abused children.

Material and Method: This retrospective cross-sectional study used standard questionnaires to collect the general information
of children who were sexually abused victims and explore their family history at the Parenting and Family Support Clinic,
Department of Pediatrics, Ramathibodi Hospital, Mahidol University between 2011 and 2013.

Results: The majority of sexually abused children were aged 13 to 15 years (33 cases, 66%). Twelve children (24%) had
underlying substances abuse and mood disorder in parental history, eleven (22%) had fathers with alcoholism problem,
nine (18%) had mothers with mood disorder, and eight (16%) had both underlying conditions. There were 41 single families
(82%). Twenty-nine cases (58%) had conflicting relationship between their parents. The significant risk factors such as
baseline children’s behaviors, abusers, family status, violent history in family background, underlying substances abused
or mood disorder, and baseline relationships in family were studied to develop a decision matrix to see when urgent separation
to save the child from sexually abuse event is required. The logistic regression was analyzed and demonstrated that parental
physical violent history and age group 8 to 12 years were higher odds ratio 19.0 (95% CI: 2.62-137.52, p-value = 0.004),
and 19.2 (95% CI: 2.15-171.82, p-value = 0.002) when compared to other groups.

Conclusion: Basic familial problems were commonly found in sexually abused children. Some of these factors are significant

and can be applied as guidance for safety separation protocol for child safety in case of a sexually abused event.
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Current advances in technology and
communications in Western civilization have led to
rapid progress in economic development and social
changes. These may affect moral and ethical behavior
in relation to domestic violence in the society. One
important issue of these changes is the sexual abuse
in children. Children sexual abuse will affect both
the short and long-term children’s physical and
psychological health. Additionally, it will seriously
burden to public health system.
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The worldwide prevalence of child sexual
abuse was 0.9 to 45%'-. Estimates of the prevalence
of sexual abuse varied greatly depending on definitions
and the way in which information was collected. The
reported prevalence was different and it was very
difficult to determine the exact number. The data from
the Child Protection Fund (2008-2009) showed that
children under 18 years who were sexually abused
increased over time. The incidence of child sexual
abused cases increased from 5,885 in 2008 to 6,398
cases in 2009 or an average of 18 cases per day.

Vallipakorn et al (2014) reported 2,400 cases
(5.5%) of child abuse in the age range of 0 to 19 years
from a multicenter study across Thailand between
April 2010 and October 2012. The study found that
3.8% (91 cases) of overall abused and neglected
were child sexual abuse. Of these cases, 43 (47.2%)
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were unspecified abusers, 22 (24.2%) were abused
by boyfriends, 19 were abused by strangers (20.9%),
five were abused (5.5%) by relatives, and two were
abused by father/stepfather (2.2%). No death was
report in sexually abused children. All of these
victims had reported the comorbid evidences of
physical and psychological injuries. In these victims,
23 (25.3%) were classified as serious injury and had
to be admitted in hospital. About 98.9% of cases
showed minor disability, needed 10 to 14 days to
recover, and needed long-term follow-up and support
for psychological problems®.

The reported incidence of sexual abuse of a
child is usually less than the actual number because of
the influence of culture in a society. The family or the
victim will feel a sense of shame on the family lineage
and the impact of living in a society, when a case of
assault or sexual abuse occurs to one of family
members. The short-term consequence of the victims
of sexual abuse includes physical, emotional, and social
development. Furthermore, there are many long-term
problems such as increasing risk of psychiatric
disorders. These affect individuals, families, and
society, with even more damage to the economy and
the community®”. The associated factors of the
occurrence of sexual abuse were family problems,
disruption of family, and social background of the
child’s family or caregivers. These primary factors
had significant risk of sexual abuse in children.

Bentovim A et al (1987) found that 75% of
sexually abused children were abused by the people
living in the family, 46% were the individual’s father,
and 27% were stepfather. Girls living with stepfather
were six times more likely to be abused compared to
girls living with their own father®. World Health
Organization (2006-2010) reported that 80% of
abused children were abused by parents or guardians.
The risks of being abused were the low socioeconomic
status, pathological mental or psychological problems,
low education, the use of alcohol or illicit drugs, abuser
had been abused in childhood, broken family, and
violence from other family members®.

Limsakul U, and the Ministry of Social
Development and Welfare and Human Security of
Thailand (2009) reported 71 cases of abused children
and the impact of domestic violence. From these,
37 patients (44%) were victims of sexual abuse.
Children aged 12 to 15 years had higher risk of injury
and sexual abuse. Sixteen cases were sexually abused
by their family members, four cases were abused by
individual’s fathers, and six cases were abused by
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stepfathers. In addition, children aged 10 to 14 years
and 15 to 19 years had a higher rate of sexual abuse!”.

From the above, we realize that the problems
of child sexual abuse in our country have become
more serious and complicated. Several important
associated risk factors were demonstrated within the
family history and their background. Therefore, our
objectives are to study the background of the families,
and the associated risk factors of children being
sexually abused to find the significant key factors. With
these tools, we will recommend the help, the planning
of the urgent separation of victim, and the prevention
to eliminate future problems.

Definition

Sexual abuse is a form of child abuse in
which an adult or older adolescent uses a child for
sexual stimulation. Forms of child sexual abuse
include asking or pressuring a child to engage in
sexual activities (regardless of the outcome), indecent
exposure (of reproductive organs, etc.) to a child
with intent to gratify their own sexual desires, to
intimidate, or to groom the child, physical sexual
contact with a child, or using a child to produce child
pornography!!+12,

Material and Method

The present study was retrospective cross-
sectional study. It enrolled children ages 5 to 15 years
old diagnosed of child sexual abuse, and their parents
who visited the Parenting and Family Support Clinic,
Department of Pediatrics, Faculty of Medicine,
Ramathibodi Hospital, Mahidol University. The clinic
provided services by multidisciplinary team consisting
of pediatricians, child and adolescent psychiatrists,
social workers, and pediatric nurses to manages and
rehabilitates the sexually abused children and their
family.

All of subjects were chosen as particular
sample into the present study. The standard questionnaire
was used as a tool for explore the family history and
background. The main questionnaire consisted of two
parts. The first part was asking about general
information, e.g. the child’s age, education, behavioral
problems, and types and relation of person who
sexually abused the child. The second part was a set
of questions about characteristics and background of
family, history of domestic violence in family, and the
relationship among parents and children. The
composition of the structures and language/meaning
of questionnaires were proposed to three experts for
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consideration, revised for appropriate queries, and
approved.

Data collection

The retrospective data collection was done
after the approval of the Ethics Committee of
Ramathibodi Hospital, Mahidol University
(Certificated number 486/2555, ID 10-55-53). The
social workers and assigned members collected
information from anecdotal reports of children being
sexually abused, and extracted the data into the social
work, mental health, and clinical perspectives.

Statistical analysis

The interested factor of risks and background
of family history were reviewed and collected from
questionnaires. The descriptive analyses were done,
and then some of factors related to outcome of safety
protocol to separation of the sexually abused child
from family as an urgent condition were selected and
analyzed by univariate analysis. The significant factors
from univariate analysis, which had a p-value <0.10,
were further analyzed by multiple logistic regression
analysis to find out significant association with the
outcome (p-value <0.05). The analysis was done using
STATA 13.0 software (College Station, TX, USA).

Results

Fifty sexually abused children attended the
Parenting and Family Support Clinic, Department
of Pediatrics, Ramathibodi Hospital, Mahidol
University between January 2011 and December 2013.
All the sexually abused children were girl victims
(100%). The baseline characteristics of subjects had
been described in Table 1. The mean aged was
11.8843.13 years, median age 13 years (range = 5-15).
About 33 cases (66%) were sexually abused teenage
(13-15 years), followed by lowest age group 5 to 7 years
(9 cases, 18%), and 8 to 12 years (8, 16%), respectively.
Most of the abused were secondary school student
(28 cases, 56%) with separated or divorced family
status (32 cases, 64%).

The behavioral problems of the subjects that
might be at risk to sexual abuse were truancy (36%),
loafing behavior (30%), and learning problems (22%).
The incidence of child sexually abuse was occurred
more on single-family type than secondary or tertiary
family types (42% vs. 8%).

The most common person who sexually
abused children were boyfriends (36%) followed with
strangers (24%), stepfather (22%), and relatives (12%).
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Sexually abused by individual’s father in the present
study reported only 6%. This might be different
when compared with the incidences among ASEAN
countries. Tang CS et al (2002) reported the prevalence
of child sexual abuse at about 6%, and showed average
age of the victims at the time of the sexual abuse was
11 years old. The majority had sexual abuse during
their teenage years. Of these, 28% of abusers in this
studied were strangers!®. From this study, the most
common person who children would consult after
being sexually abused was mother (48%) and relative
(32%).

We found that the relationship in family,
especially between father and mother was the most
common problem (58%). The relationship between
the fathers and sons was estranged (60%), followed by
neglected relationships (20%). The rapport between
mothers and children were abandoned, neglected,
and let loose (30%), followed by disaffected (26%).
The history of verbal violence (26%) and physical
violence (22%) were reported in parent’s family
history.

Most of the children selected to consult their
mother after a sexual abuse event. Sixty-eight percent

Table 1. Baseline characteristics of 50 sexually abused
children

Baseline characteristics Number (%) or mean £+ SD

Total n =50

Age (years), mean = SD 11.88+3.13
Median (range) 13 (5, 15)
Age groups (years)

5-7 9 (18)

8-12 8 (16)

13-15 33 (66)
Education

Kindergarten 5(10)

Primary School 7 (34)

Secondary School 28 (56)
Baseline of child behaviors

Lying 6 (12)

Truancy 18 (36)

Loafing behavior 15 (30)

Learning problems 11 (22)
Family types

Single 42 (84)

Secondary to tertiary 8 (16)
Family status

Couple 18 (36)

Separated 25 (50)

Divorced 7(14)
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of familial reactions and responses for this situation
were negative responses, rebuked (30%), concealed
(24%), and neglected (14%). Only 32% of family
responses were listening and helping the sexually
abused children to cope with the problems. The
management of children who were the victim of
sexual abuse was to refer them to the responsible
agency to look after their children, if there were any
risks of serious outcome or the environment being
unsafe for the children.

Twenty-six sexually abused cases (52%)
were in the group of seriously abused that needed
immediate separation of the children from their
family by the Child Protection Organization/Units.
Among the risk factors, we found the trend of the
most severity of sexually abuse occurred by stranger
and boyfriend (19 cases, 63% vs. 7 cases, 35%). Both
groups needed urgent separation to the supportive care
team after exploring the risks and their background.
The relationship in family had shown to be a key factor
to predict the urgency to separate child from family for
safety. The present study found the significant factors
that associated with urgent separation strategy to
safe the child were age groups (p-value = 0.101),
baseline of behaviors (p-value <0.001), type of abuser
(p-value = 0.049), family status (p-value = 0.074),
parental history of domestic violence (p-value <0.001),
underlying behavior of parent such as substance abuse
or mood disorder (p-value = 0.002), and the baseline
of relationships in family, such as separation, argument,
and argument with physical assault (p-value = 0.008)
were associated with mode of management to separate
child from family (26 cases, 100%, p-value <0.05).
The association of baseline relationships in family
showed a trend of those responses association when
increasing of arguments and conflicts in family
(Table 3). After univariate analysis, we included all
the factors that were statistically significant (p-value
<0.10) into the multiple logistic regression analysis to
find a parsimonious model or factor(s) that helps
make a decision to manage sexually abused children.
The results showed that two significant factors were
strongly associated with sexually abused children.
They are the parental background history of physical
domestic violence and age group. First, the parental
background history of physical domestic violence had
Odds ratio (OR) 19 times higher when compared with
verbal domestic violence and no domestic violence in
family history (p-value = 0.004, 95% CI: 2.62-137.52).
The second significant factor was age group and the
age 8 to 12 years showed OR 19.2 times higher when
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Table 2. Family-based information of the sexually abused

children
Studied factors Number (%)
Total n =50
Abusers
Father 3(6)
Step father 11 (22)
Cousin/relative 6(12)
Strangers 12 (24)
Boyfriend 18 (36)
Choices of consultation
Mother 24 (48)
Cousin/relatives 16 (32)
Teacher 5(10)
Neighbor 2(4)
Friends 3(6)
Intimacy of children with family member
Father 2(4)
Mother 30 (60)
Both 3(6)
Relatives 10 (20)
None 5(10)
Relational to family members
Family relationship
Loving great camaraderie 24)
Incompatible 11 (22)
Controversy, but it is not assault 29 (58)
Conflict and controversy with 8(16)
mayhem
Child-Father relationships
Loving great camaraderie 4(8)
Disaffected/estranges 30 (60)
Let loose abandoned, neglected 11 (22)
Conflict and controversy 5(10)
Child-Mother relationships
Loving great camaraderie 10 (20)
Disaffected/estranges 14 (28)
Let loose abandoned, neglected 15 (30)
Conflict and controversy violent 11 (22)
modes
Parent history of domestic violent
Physical violent 11 (22)
Verbal violent 13 (26)
None 26 (52)
Behavior response after sexual abuse
Concealed 12 (24)
Rebuke 15 (30)
Listen and help 16 (32)
Negligent 17 (14)
Helping method after sexual abuse
More close 11 (22)
More attentive 13 (26)
Sent to agency’s responsibility units 26 (52)
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compared with other age groups (p-value = 0.008,
95% CI: 2.15-171.82). This mean that children with a
parental history of physical domestic violent would
have a greater risk of 19 times and 19.2 times when
the age group was 8 to 12 years of being sexually
abused. Therefore, they need urgent separation from
family when compared to no parental history and
verbal violence history in family, and other age groups
(Table 4).

Discussion

The present study found that children are
sexually abused as early as 8-year-old through late
teenagers. Sixty percent (30 cases) are sexually abused
by father, step-father, or relatives closed to family.
Twenty percent (20 cases) are abused by strangers and
boyfriends. Thirty-six percent (18 cases) are sexually
abused by boyfriends with their collusion. The analyses
of this child sexually abused database revealed that

Table 3. Univariate analysis among risk factors and management strategies (urgent separation vs. closed observation)

Risk factors Urgent separation Closed observation Odds ratio (95% CI) p-value
n =26 (52%) n =24 (48%)
Age groups
5-7 2(22.2) 7(77.8) 1 0.101
8-12 6(75.0) 2 (25.0) 10.5 (0.69-159.69)
13-15 18 (54.5) 15 (45.5) 4.2 (0.69-25.40)
Baseline of child behaviors
Lying 1(16.7) 5(83.3) 1 <0.001*
Truancy 17 (94.4) 1(5.6) 85.0 (0.71-10,200.00)
Loafing behavior 4(26.7) 11 (73.3) 1.8 (0.15-22.31)
Learning problems 4(36.4) 7 (63.6) 2.9 (0.21-38.70)
Abused by
Family member/relatives 7 (35.0) 13 (65.0) 1 0.049%*
Non family member 19 (63.3) 11 (36.7) 3.2(0.93-11.11)
Family types
Secondary to tertiary 2 (25.0) 6 (75.0) 1 0.132
Single 24 (57.1) 18 (42.9) 4.0 (0.67-23.73)
Family status
Couple 7 (38.9) 11 (61.1) 1 0.074
Separated 17 (68.0) 8(32.0) 3.3(0.86-12.74)
Divorced 2 (28.6) 5(71.4) 0.6 (0.09-4.38)
Parent history of domestic violent
None 6(23.1) 20 (76.9) 1 <0.001*
Physical violent 8(72.7) 3(27.3) 8.9 (1.40-56.37)
Verbal violent 12 (92.3) 1(7.7) 40.0 (2.00-799.32)
Underlying of parents
None 15 (39.5) 23 (60.5) 1 0.002*
Alcoholism or mood disorder 11 (91.7) 1(8.3) 16.9 (1.49-190.53)
Baseline relationships in family
Loving great camaraderie 0(0.0) 2 (100.0) 1 0.008*
Incompatible 2(18.2) 9(81.8) 0.2 (0.05-1.03)
Controversy, no assault 17 (58.6) 12 (41.4) 1.4 (0.68-3.00)
Conflict and with mayhem 7 (87.5) 1(12.5) 7.0 (0.86-56.89)
* p-value <0.05
Table 4. Multiple logistic regression analysis among risk factors and management strategies
Risk factors Adjusted OR 95% CI p-value
Parental history of physical violent 19.0 2.62-137.52 0.004
Age 8-12 years 19.2 2.15-171.82 0.008
J Med Assoc Thai Vol. 97 No. 9 2014 927



74% (37 cases) have family disputes and 16% (8 cases)
have evidences of physical abuses or assaults in the
relationship between fathers and mothers.

In depth interview, the present study found
that most children often felt a lack of shelter. The
majority of children also have a closed relationship
with the family as a dependent condition. Most families
have frequent financial problems. The interviews reveal
that most parents who took care of their families have
to work and get more stress to earn enough money to
support their families. Moreover, most of the families
often lack the skills to encourage their children to
grow up in both physically and mentally healthy. Those
children were exposed to the physical and verbal
violence or abusive environment in their family. The
reports show that both parents usually had emotional
and psychological problems, including judgment and
responsibilities to the family.

The present study found that the sexually
abused children had at least one behavioral problems.
Truancy behavior was the majority of the problems,
followed by learning problem, and loafing behavior.
Because the present study was descriptive and
analytical, without time incidence, we could not
clarify whether these behaviors were the cause or
the result of being sexually abused. However, we
demonstrated statistically significant association
between the trend of truancy behavior with sexually
abused cases, and more association between truancy
behavior with severely sexually abused cases that
needed urgent separation from family (17 cases,
65.4%) (p-value <0.001). These results agree with
results of previous researches such as studies of
Caminis A et al (2007) and Teplin (2005), which
found that sexual risk behavior correlated with other
behavioral problems such as illegal behavior, truancy,
substance abuse!'*!%).

Parental history of substances abuse,
alcoholism, or mood disorder are demonstrated as the
higher risks associated with sexual abuse in children.
The results showed 11 cases (22%) of father having
alcoholism history, and nine cases of mother having
mood disorder (18%) from psychological evaluation.
This relevance to Norman R et al (2010) shown that
poverty, alcohol, and substance abuse in parents, family
rift, and domestic violence were risk factors of child
being sexually abused'®. Similar to the study of the
American Psychological Association (2011), it found
the family characteristics of children being sexually
abused were children without parents and live with
stepfathers, their parents experienced violence in
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childhood, parents or caregivers used drugs and
alcohol, economic problems, history of family abuse,
marriage failure, and neglected children by their
parents. These factors were at high risk of children
being sexually abused!”.

In summary, we determine that the families
with problems are often found in sexually abused
children. Some of these problems or risks may
associate to the children who were sexually abused.
The novel care of sexually abused children should
focus on the whole family, parental background,
intrinsic and extrinsic factors within family, and
relationships among parents and child as holistic
approach. More support by multidisciplinary teams to
provide the appropriate continuity care for abused
children is required.

Conclusion

The present study show that family of
sexually abused children had many problems and
conflicts within family, such as their parents’ divorce,
socioeconomic problems, domestic violence, estranged
relationship, child rearing problems (abandoned and
neglected children), substance abuse problems of
their father (alcohol and other substances), and mother
with emotional and psychological problems. Some of
these factors may cause a risk of serious episode up to
fatal outcome or may impede the restoration of the
child health back to normal. They reveal important
concepts of care for these children consisting of
professional approaches and exploring the family
background and risks. The multidisciplinary work
should begin with the evaluation of the child safety
and well prepared emergency separation if any
evidence of high risks of sexually abused or
predisposed to morbidity-mortality outcome is found.
A following step to help restore and strengthen the
families tie to allow the child going back to normal as
soon as possible should be done with the help of the
multidisciplinary team.

Because sexual abuse is not only a civil
problem of children or family, it is regulated by the
UN Declaration on the Rights of Children, which is an
international issues affecting the nation integrity. It is
important that public and private sector stakeholders
focus on developing and rehabilitating tangible holistic
approach to cover all children, families, communities,
and society.

The present study had some limitations. First,
the population was relatively small due to the nature
of epidemiology of sexually abused victims. Second,
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this study was only of sexually abused children who
had been rescued and came to the hospital for treatment,
which did not represent the children who were sexually
abused in the general community. Therefore, some
cases may not have been helped in the hospital. Finally,
the present study had no control group except severity
within abused group only. The control group may make
a difference in a child’s condition, the family of the
sexually abused, and children who have not been
sexually abused. Therefore, future research should plan
to collect widely data ranges from the population or
reviews from child abuse report from community,
including from child death record. The control groups
of other child abuse should be selected from a wider
range of locations such as hospitals or community
agencies. Additional research would make the data
more accurate and could be applied in healthcare
practices to find better ways to help, rehabilitate, and
prevent children from being sexually abused.

What is already known on this topic?

The effects of sexual abuse on the incidence
of depression and had been published in Journal
of Boromarajonani College of Nursing, Bangkok,
Volume 27 Issue 2; May-August 2005. The study
used a 27-questions questionnaire self-report and the
Children’s Depression Inventory (CDI) by Maria
Kovacs, adapted from Beck Depression Inventory.
In the future, the correlation between childcare of
sexually abuse child and child safety will be studied.

What this study adds?

Benefit of this study is to evaluate the family-
based information for helping the sexually abused
children. The family problems, such as mental health
problems or substance abuse needs psychiatric
treatment and social rehabilitation leading to empathy
and intimacy within the family. Therefore, children
can return to their own families and prevent repetitive
incidences.
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Abstract

This research was conducted to categorize the
Severity and Mortality Forecasting System of Pediatric
Injury by Artificial Neural Networks Multi-Layer
Perceptions learning by Back Propagation algorithm . To
help in decision-making and reducing the errors due to
severity discrimination skill in the treatment of injuries of
medical personnel to cope and manage to injured
children. The training data set was used to learn from the
National Registry of Pediatric Injury (Rama PedISS),
Collaborated among Thai Injury Task Force of Pediatric
Injury (TTFPI), which collaborate among Ramathibodi
Hospital Medical Scholl, 34 Provincial Hospitals across
Country, and Bureau of Epidemiology, Ministry of Public
Health (MOPH). The data source was retrieved from
http://www.pts.mahidol.ac.th. The interested results are
divided into four levels by risk of severity and fatality, as
low, low to moderate, moderate to high, and high
mortality level. The RapidMiner Version 5 Software

shows results of the tests and the accuracy of the model
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with the set of data yield a high accuracy performance to
99.26%.
Keyword: Pediatric Injury, Artificial Neural Networks,

Multi-Layer Perceptrons
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