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complejidad.
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RESUMEN

Antecedentes: Aunque los indicadores globales de salud han mejorado,
esta evolucion ha sido desigual entre las diferentes regiones del mundo.
En particular, la mortalidad por trauma en América Latina no ha
experimentado avances en las ultimas décadas, posicionando al trauma
como un grave problema de salud publica con una alta carga de
morbimortalidad. A pesar de los beneficios demostrados con el uso de
escalas de severidad en el prondstico clinico, su uso en la region es
limitado y, hasta la fecha de realizacion de esta tesis, no se han
reportado estudios que evalluen su desempefo en la poblacién pediatrica
colombiana. Esta tesis se propuso describir la casuistica local y evaluar
el desempeno de algunas escalas en la prediccion de supervivencia

frente al trauma.

Métodos: Esta tesis se presenta como un compendio de tres articulos
publicados en revistas indexadas, revisadas por pares y clasificadas en
cuartiles Q1 y Q2. Se realizé una cohorte retrospectiva en ninos menores
de 18 anos atendidos por lesiones en un centro de trauma de alta
complejidad en Cali, Colombia. Se hizo un analisis descriptivo de las
caracteristicas clinicas y demograficas de los pacientes, la naturaleza de
las lesiones y los desenlaces, asi como de las puntuaciones obtenidas en
diferentes escalas. Se evalu6 el desempeno de tres escalas pronosticas:
Pediatric Trauma Score (PTS), International Classification of Diseases
10th Revision-based Injury Severity Score (ICISS) y Trauma and Injury
Severity Score (TRISS). Su capacidad predictiva de supervivencia fue

evaluada mediante analisis de discriminacion (area bajo la curva ROC -
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AUROC) y calibracién (prueba de Hosmer-Lemeshow). Ademas, se
desarrollaron nuevos modelos predictivos a partir de ajustes en las
variables originales de TRISS e ICISS, los cuales fueron comparados
estadisticamente con sus versiones estandar y sometidos a validacion
interna mediante la técnica de bootstrapping. Cada articulo del
compendio corresponde a la evaluacion individual de cada una de las

escalas.

Resultados: 1047 nifios fueron incluidos en el estudio, con una edad
mediana de 12 anos, de los cuales el 73.7% fueron del sexo masculino.
Las principales causas de lesion fueron los accidentes de transito (31.5%)
y la violencia interpersonal (29%). La mortalidad fue del 5.9%, siendo el
homicidio la principal causa de muerte. La evaluacion del PTS mostré un
desempefo excelente en todas las métricas analizadas. Las escalas
TRISS e ICISS presentaron buena capacidad de discriminacion, pero una
calibracion deficiente. Los modelos predictivos desarrollados a partir de

estas escalas mejoraron significativamente la precision prondstica.

Conclusiones: La mayoria de las lesiones y muertes se produjo en
adolescentes. La violencia interpersonal fue la causa mas frecuente de
muerte en este grupo de edad. El PTS se posiciona como una
herramienta sdlida, potente y fiable en la prediccion de supervivencia en
nifos. Las escalas TRISS e ICISS mostraron limitaciones en su version
original, pero mejoraron su desempefio tras ajustes especificos en sus

variables.
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RESUM

Antecedents: Tot i que els indicadors globals de salut han millorat, aquesta
evolucid ha estat desigual entre les diferents regions del mén. En particular,
la mortalitat per traumatisme a ’America Llatina no ha experimentat avencos
significatius durant les darreres décades, fet que posiciona el trauma com un
greu problema de salut publica amb una elevada carrega de morbiditat i
mortalitat. Malgrat els beneficis demostrats de I'us d’escales de gravetat en el
pronostic clinic, el seu us a la regid és limitat i, fins a la data de realitzacio
daquesta tesi, no s’han publicat estudis que n’avaluin el rendiment en
poblacié pediatrica colombiana. Aquesta tesi doctoral es va proposar
descriure la casuistica local i avaluar el rendiment d’algunes escales en la

prediccio de la supervivéncia davant del trauma.

Meéetodes: Aquesta tesi es presenta com un compendi de tres articles
publicats en revistes indexades, revisades per parells i classificades en els
quartils Q1 i Q2. Es va dur a terme un estudi de cohort retrospectiu en nens
menors de 18 anys atesos per lesions en un centre de trauma d’alta
complexitat a Cali, Colombia. Es va fer una analisi descriptiva de les
caracteristiques cliniques i demografiques dels pacients, la naturalesa de les
lesions i els desenllagos, aixi com de les puntuacions obtingudes en diverses
escales. Es va avaluar el rendiment de tres escales pronostiques: el Pediatric
Trauma Score (PTS), I'International Classification of Diseases 10th Revision-
based Injury Severity Score (ICISS) i el Trauma and Injury Severity Score
(TRISS). La seva capacitat predictiva de supervivéncia es va valorar

mitjanc¢ant I'analisi de discriminacio (area sota la corba ROC — AUROC) i de

17



calibratge (prova de Hosmer-Lemeshow). A més, es van desenvolupar nous
models predictius a partir d’ajustos en les variables originals del TRISS i
I'ICISS, els quals es van comparar estadisticament amb les seves versions
estandard i es van validar internament mitjancant la técnica de bootstrapping.
Cada article del compendi correspon a I'avaluacié individual de cadascuna de

les escales.

Resultats: Es van incloure 1.047 nens a I'estudi, amb una edat mitjana de 12
anys, dels quals el 73,7% eren de sexe masculi. Les principals causes de
lesio van ser els accidents de transit (31,5%) i la violéncia interpersonal
(29%). La mortalitat global va ser del 5,9%, sent 'homicidi la causa més
frequent de mort. L’avaluacié del PTS va mostrar un rendiment excel-lent en
totes les métriques analitzades. Les escales TRISS i ICISS van presentar
bona capacitat discriminativa, pero un calibratge deficient. Els models
predictius desenvolupats a partir d’aquestes escales van millorar

significativament la precisio pronostica.

Conclusions: La majoria de lesions i defuncions es van produir en
adolescents. La violéncia interpersonal va ser la causa més frequent de mort
en aquest grup d’edat. EI PTS es posiciona com una eina solida, potent i
fiable en la prediccidé de la supervivencia infantil. Les escales TRISS i ICISS
van mostrar limitacions en la seva versio original, perd van millorar el seu

rendiment després d’ajustos especifics en les seves variables.
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ABSTRACT

Background: Although global health indicators have improved, progress has
been uneven across different regions of the world. In particular, trauma-
related mortality in Latin America has shown little improvement in recent
decades, positioning trauma as a major public health issue with a high burden
of morbidity and mortality. Despite the demonstrated benefits with the use of
severity scores in clinical prognosis, their use in the region remains limited
and, to date of this thesis, no studies have been reported that evaluate their
performance in the Colombian pediatric population. This doctoral thesis aimed
to describe local caseload characteristics and assess the performance of

selected severity scores in predicting trauma survival.

Methods: This thesis is presented as a compendium of three peer-reviewed
articles published in Q1 and Q2 indexed journals. A retrospective cohort study
was conducted in children under 18 years of age treated for injuries at a high-
complexity trauma center in Cali, Colombia. A descriptive analysis was
performed of patients' clinical and demographic characteristics, injury
mechanisms, outcomes, and scores from various trauma severity scales. The
performance of three prognostic scores was evaluated: the Pediatric Trauma
Score (PTS), the International Classification of Diseases 10th Revision-based
Injury Severity Score (ICISS), and the Trauma and Injury Severity Score
(TRISS). Predictive performance was assessed using discrimination (area
under the ROC curve — AUROC) and calibration (Hosmer—Lemeshow test).
Additionally, new predictive models were developed by adjusting the original

TRISS and ICISS variables. These models were statistically compared to their
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standard versions and internally validated using the bootstrapping technique.
Each article in the compendium focused on the individual evaluation of one of

the scores.

Results: A total of 1,047 children were included in the study, with a median
age of 12 years; 73.7% were male. The leading causes of injury were road
traffic accidents (31.5%) and interpersonal violence (29%). Overall mortality
was 5.9%, with homicide being the most common cause of death. The PTS
demonstrated excellent performance across all evaluated metrics. TRISS and
ICISS showed good discrimination but poor calibration. Predictive accuracy

improved significantly in the newly developed models based on these scores.

Conclusions: Most injuries and deaths occurred in adolescents.
Interpersonal violence was the leading cause of death in this age group. The
PTS emerged as a robust, reliable tool for survival prediction in pediatric
trauma. Although the original versions of TRISS and ICISS had limitations,

their predictive performance improved following specific variable adjustments.
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1. INTRODUCCION

11 Contexto epidemiolégico:

Las lesiones como problema de salud

Las lesiones de causa externa — incluidas aquellas originadas por
accidentes de transito, violencia interpersonal, lesiones autoinfligidas y
caidas, entre otras — constituyen una de las principales causas de
muerte y discapacidad en todo el mundo (1). Se estima que son
responsables del 8% de todas las muertes y del 8% de los anos vividos
con discapacidad a nivel global (2), constituyéndose en un grave problema
de Salud Publica mundial. La poblacion joven es la mayoritariamente
afectada, pues entre los 5 y 29 anos, las lesiones ocupan los primeros
lugares como causa de muerte (3,4). Esto supone una importante carga
en los sistemas sanitarios y financieros de cada pais considerando que
mas alla de las 4.4 millones de muertes anuales a causa de una lesion
(5), son decenas de millones mas los que sufren lesiones no fatales pero
que requieren atencién meédica y rehabilitacion a largo plazo (2), sin
desestimar el costo econdmico directo e indirecto derivado de los afios

perdidos debido a muerte prematura (6) o discapacidad (5,7).

De acuerdo con el estudio Global Burden Disease, la salud global y la
expectativa de vida han mejorado en las ultimas décadas (8); no
obstante, y segun datos del mismo estudio, entre los 5 y 14 afos, las

lesiones continuan siendo la primera causa de muerte en el mundo desde
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hace mas de 30 anos (9). Causan mas afios de vida perdidos antes de los
18 afos que la muerte subita infantil, el cancer y las enfermedades
infecciosas juntas (10). Es tal la magnitud de las lesiones que se les ha
llegado a considerar “el asesino numero 1 de los jovenes”, por
instituciones reconocidas como la Organizacién Mundial de la Salud

(OMS) (11) y el Centers for Disease Control and Prevention (CDC) (12).

En el contexto regional de América Latina, las lesiones intencionales
ocupan un lugar importante como causa de muerte, siendo la segunda
causa a partir de los 15 afios (9). La tasa de mortalidad por homicidio es
de 19,2 por cada 100.000 habitantes, representando mas del triple del
promedio mundial (6,2 por 100.000 habitantes) (1). Esta elevada
mortalidad se ha mantenido consistentemente alta en la region durante
mas de dos décadas (13), y datos recientes alertan sobre un incremento

entre los adolescentes (1,14).

Dentro de la region, Colombia presenta tasas de homicidio que superan el
promedio latinoamericano, y en Cali —un importante centro urbano del
pais— la situacion es critica pues supera ampliamente el promedio
mundial (1,15). Con 66,8 homicidios por cada 100.000 habitantes (15),
sobrepasa en mas de diez veces la tasa global, constituyéndose en una

de las ciudades mas violentas del mundo (16).

Este contexto nos lleva a considerar las lesiones como un importante
problema de Salud Publica mundial, cuya magnitud y caracteristicas

difieren entre las diferentes regiones, siendo el trauma intencional por
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violencia interpersonal, es decir por homicidio, de especial relevancia en
Ameérica Latina y en Cali, Colombia, la ciudad donde fue desarrollado el

estudio.

Intencionales o no, se trata de muertes prevenibles y hacia alli deberian ir
encaminados nuestros esfuerzos y dirigidas nuestras intervenciones para
evitar que ocurran las lesiones. Sin embargo, las lesiones siguen
ocurriendo, y debemos estar preparados para su atencion optima y
oportuna, pues una vez se presenta una lesion grave, la muerte ocurre en
minutos (17). En este sentido, para optimizar la atencion de estos
pacientes se han propuesto diferentes estrategias, entre éstas, una con
valor demostrado es la implementacion de herramientas de prediccion de
supervivencia (18) como las escalas de trauma (19), utiles en el triage y
direccionamiento de pacientes, prediccion de supervivencia y como
elemento de medicion de calidad de atencidon de centros de trauma, entre
otras aplicaciones clinicas relevantes (20-23). Las escalas de trauma se
han utilizado en pediatria desde los 80’s y son ampliamente recomendadas
por autoridades internacionales, como el American College of Surgeons
Committee on Trauma (ACS COT) y por el National Institute for Health
and Care Excellence (NICE) del Reino Unido (24,25). Estas
organizaciones reconocen la utilidad de su aplicacion para el

funcionamiento eficaz de los sistemas de atencién de trauma.

Se evaluo el desempefio de tres escalas, lo cual representa el eje
principal de esta tesis, de donde se desprenden los tres articulos que la
conforman: Primero, la escala Pediatric Trauma Score (PTS), por haberse

diseiado especificamente para ser aplicada en nifos (26) y ser
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recomendada por el American College of Surgeons Committee on Trauma
en su manual Advanced Trauma Life Support (17), referente internacional

para el manejo del paciente politraumatizado.

En segundo lugar, se evaluo la International Classification of Diseases-
based Injury Severity Score (ICISS), seleccionada por su facilidad de
calculo a partir de los diagnosticos codificados en la CIE-10 (27),
registrados sistematicamente en bases de datos administrativas, de
obligatorio registro en el sistema de salud colombiano, lo que permite

Su uso sin requerimiento de recursos adicionales.

En tercer lugar, se evalud la escala TRISS, por ser una de las escalas
mas utilizadas en investigacion de prediccion de supervivencia en trauma

y en evaluacion de calidad de atencién de centros de trauma.

Como paso adicional, y siguiendo las recomendaciones de la evidencia
disponible que sugiere combinar datos anatomicos y fisiolégicos, e incluir
variables demograficas cuantitativas para mejorar la calidad de la
investigacion y el desempefio de modelos predictivos de mortalidad en
trauma (18), desarrollamos nuevos modelos predictivos basados en las
escalas ICISS y TRISS. En el caso de ICISS, y considerando la alta
prevalencia del trauma craneoencefalico como principal causa de muerte
en nifos (28) y la importancia de la respuesta fisioldgica al trauma en
este grupo de edad (29), se construyé un nuevo modelo predictivo
combinado que ademas de ICISS, incorpora la variable Escala de Coma

de Glasgow (ECG) y comparamos el desempeio de ambos modelos en la
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poblacién de nuestro estudio. En cuanto a la TRISS, dado que excluye la
edad cuando se aplica en nifios, y por tanto con resultados de desempefio
variables en la literatura (30,31), desarrollamos un nuevo modelo predictivo
que incluye la edad, mediante el recalculo de los coeficientes, dando lugar

al modelo denominado Peds-TRISS.

Finalmente, con el objetivo de aportar también al analisis de la calidad de
la atencién en trauma pediatrico, se utilizé la escala TRISS en nuestra
cohorte para la evaluacion comparativa de resultados. Esta decision se
basé en la utilidad previamente demostrada de dicha escala en estudios
internacionales como indicador de desempefo hospitalario y herramienta
de benchmarking, permitiendo identificar posibles areas de mejora en la

atencion brindada a pacientes lesionados (32).

Cabe resaltar que las tres escalas, fueron disefiadas en paises (Estados
Unidos y Canada) con condiciones sociales, sistemas de salud y
caracteristicas epidemiologicas distintas a las de nuestra region. Dichos
paises cuentan con una infraestructura vial organizada y con sistemas de
atencion médica y traumatologica mas estructurados y especializados.
Asimismo, los mecanismos de trauma en dicho contexto también difieren
de los observados en nuestra regién. Ademas, estas escalas fueron
disefiadas hace varias décadas, periodo en el que se han producido
importantes avances tecnoldgicos y se han desarrollado protocolos

especificos para la atencion del paciente traumatizado.
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Por lo tanto, nos propusimos evaluar el desempefo de estas escalas en
términos de capacidad de prediccidén de supervivencia, en una poblacion
pediatrica de un pais latinoamericano, contexto poco explorado hasta la
fecha en la literatura internacional. A continuacion, describimos las tres

escalas evaluadas en este trabajo de tesis.

1.2 Escalas de clasificacion de severidad del trauma

Pediatric Trauma Score (PTS)

Fue descrita en 1987 por Tepas et al (26) Su aplicacion en nifios combina
variables fisioldgicas y anatomicas (peso, estado de via aérea, presion
arterial sistélica, estado del sistema nervioso central, fracturas y heridas)
para clasificar la gravedad de la lesion. Proporciona una puntuacién entre
-6 y +12, donde las puntuaciones mas bajas indican mayor gravedad. Una
puntuacion <8 sugiere que el paciente debe ser trasladado a un centro de
traumatologia debido a un riesgo significativamente mayor de mortalidad

(33).

International Classification of Diseases, 10th Revision (ICD-10)-based

Injury Severity Score (ICISS)

Evalua el componente anatomico de las lesiones. Primero, se calcula la
Probabilidad de Supervivencia especifica del Diagnostico (Diagnosis-
specific Survival Probability (DSPs) de cada lesién codificada en la CIE-

10, y luego se calcula la ICISS, que es la probabilidad de supervivencia
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de cada paciente basada en el producto de sus DSPs (anteriormente

denominada razon de riesgo de supervivencia) (27,34). Su formula es:

Numero de sobrevivientes con un diagnostico CIE-10

DSPs =

Numero de pacientes con un diagnostico CIE-10

ICISS = DSPsinj1 X DSPsinj2 X...DSPSinj last

Donde DSPsinj1, DSPsinj2 y DSPsinj 1ast representan la probabilidad de
supervivencia de la lesion 1, la lesion 2 y la ultima lesidn,

respectivamente, el resultado varia de 0 a 1.

Trauma and Injury Severity Score (TRISS)

Es una escala que combina variables fisiologicas y anatomicas y se utiliza
para estimar la probabilidad de supervivencia del paciente tras un
traumatismo. Para su calculo, se utilizan: el mecanismo de la lesién
(cerrado o penetrante), dos escalas (Revised Trauma Score-RTS e Injury

Severity Score-ISS), y la edad. La férmula es la siguiente:
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Donde: Ps = probabilidad de supervivencia, e es una constante
(2,718282, base del logaritmo natural o neperiano), b = bo + (b1xRTS) +
(b2xISS) + (bsxedad). Aqui, bo, b1, b2 y bs son coeficientes que difieren
segun el mecanismo de la lesion y se derivan de un modelo de regresion
logistica basado en datos del Major Trauma Outcome Study (MTOS) de
Norteamérica. La variable edad es dicotémica, adquiriendo un valor de 1
en los mayores de 54 afios y un valor de 0 en los que tienen 54 afos o

menos, anulandose por tanto de la ecuacién en nifios (35,36).

Escalas necesarias para el calculo de TRISS

Revised Trauma Score (RTS)

En uso desde 1989, la RTS considera tres variables fisiolégicas en su
formula: ECG, presion arterial y frecuencia respiratoria. Los valores de
cada variable se agrupan en rangos, se codifican, se multiplican por
coeficientes derivados del MTOS mediante un modelo de regresién
logistica y se suman para obtener un valor final entre 0 y 7.84, donde los

valores mas bajos indican mayor gravedad (37).

Abbreviated Injury Scale (AIS) and Injury Severity Score (ISS)

La AIS sirve como base para calcular la ISS. La AIS clasifica
individualmente cada lesién, considerando seis regiones corporales, y
asigna un valor segun la ubicacion, el tipo y la gravedad en una escala

ordinal del 1 al 6. Una puntuacion de 3 indica una lesidon grave, mientras
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que 6 representa la lesion mas critica, incompatible con la posibilidad de
sobrevivir (38). Se han desarrollado diversas versiones desde 1971, y
para nuestro estudio, utilizamos la version de 2015, que incorpora
mejoras y ventajas como herramienta de investigacion (39). La ISS
consiste en sumar los cuadrados de los tres segmentos anatémicos con
peor AIS (lesiones mas graves) lo que resulta en un valor entre 1y 75.
Una persona con una puntuacion de 16 o superior se considera
gravemente lesionada (40). Un AIS de 6 en cualquier lesién confiere

automaticamente un ISS de 75, con una supervivencia incierta (22,41).

Tanto el AIS como el ISS han sido ampliamente reconocidos y aceptados

internacionalmente durante décadas por la comunidad cientifica y
sanitaria, lo que confiere varias ventajas como la estandarizacion del

lenguaje hablado entre los diferentes actores involucrados en la atencién

y evaluacién del trauma a la vez que facilita la comparacién de pacientes

y sus desenlaces entre centros.

1.3 Evaluacion comparativa de resultados

Otra de las estrategias para reducir la carga de morbimortalidad por
lesiones es la realizacion sistematica de actividades que mejoren la
calidad de atencion de los centros de trauma, como la evaluacion
comparativa de las tasas de mortalidad o supervivencia en el propio
centro con referentes nacionales o internacionales. Esta practica,
respaldada por organismos como la OMS en sus Guidelines for Trauma

Quality Improvement Programmes (42) y por el Colegio Americano de
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Cirujanos en Resources for Optimal Care of the Injured Patient (32)
permite identificar deficiencias en el proceso de atencidén para promover
intervenciones dirigidas al mejoramiento continuo de la calidad de

asistencial (42-44).

1.4 La investigacion como estrategia

Pese a la situacion alarmante de las lesiones en el mundo, la
investigacion en trauma es deficiente en comparacioén con otras areas de
la medicina, y el panorama es aun peor en el caso de trauma pediatrico y
preocupante si nos delimitamos a poblacion pediatrica latinoamericana
donde la investigacion disponible es precaria. No solo en términos de
evidencia cientifica generada, sino que la inversion econdémica asignada a
esta area no es proporcional a la carga de morbilidad y mortalidad
ocasionada (45-49). Esto limita la disponibilidad de datos que permitan
proponer estrategias de intervencion que mitiguen la incidencia del trauma

y sus devastadoras consecuencias.

1.5 Justificacion de la Tesis

La alta carga de morbimortalidad asociada al trauma en nifios y
adolescentes, especialmente en contextos de elevada violencia como
Ameérica Latina — y en particular Colombia —, plantea la necesidad
imperiosa de fortalecer las estrategias de intervencion orientadas a
mejorar los desenlaces clinicos en esta poblacién. En Colombia, los

indicadores de violencia superan tanto los promedios regionales como los
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mundiales, lo que subraya la urgencia de generar evidencia

contextualizada que contribuya a optimizar la atencién en salud.

Si bien la literatura internacional ha demostrado la efectividad de diversas
intervenciones para mejorar el prondstico en pacientes traumatizados, la
evidencia proveniente de nuestra regidon continua siendo limitada,
especialmente en el ambito del trauma pediatrico. Esta limitacién se
manifiesta no solo en la escasez de estudios descriptivos, sino también
en la ausencia de validaciones locales de escalas de clasificacion
desarrolladas en otros contextos geograficos, pese a su utilidad
reconocida para la estimacion prondstica, la gestion eficiente de recursos

y la mejora de la calidad asistencial.

Antes del desarrollo de esta tesis, no se identificaron estudios publicados
que evaluaran el desempeio de escalas validadas en poblacion pediatrica
colombiana lo cual reviste particular importancia dado que el pais
presenta caracteristicas epidemioldgicas y sistemas de atencion que
difieren sustancialmente de los contextos en los que estas escalas fueron

originalmente desarrolladas y validadas.

En respuesta a esta brecha, nos propusimos describir las caracteristicas
clinicas y lesionales de los nifios atendidos en un centro de trauma de
alta complejidad en la region, evaluar el rendimiento de distintas escalas
en la prediccion de supervivencia, y desarrollar nuevos modelos

predictivos que mejoren la precision prondstica en este grupo etario.
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En este sentido, la presente investigacién aborda un problema prioritario
de salud publica en laregion, evalua el desempeio de escalas
internacionalmente reconocidas en un contexto geografico y poblacional
distinto, y propone herramientas predictivas adaptadas al entorno local
colombiano y latinoamericano. Con ello, no solo se contribuye al cierre
de una brecha significativa en el conocimiento, sino que también se
ofrecen estrategias aplicables que pueden orientar la toma de decisiones
clinicas y mejorar la calidad de la atencion brindada a los nifios que sufren

lesiones.
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2. OBJETIVOS

21 Objetivo general

Como objetivo general nos planteamos determinar las caracteristicas,
magnitud y severidad de las lesiones sufridas por una cohorte
retrospectiva de nifios ingresados en el Hospital Universitario Fundacion
Valle del Lili, en Cali, Colombia, y evaluar el desempefio de diferentes

escalas en la prediccién de supervivencia de esta poblacion pediatrica.

2.2 Objetivos especificos

» Describir las caracteristicas demograficas y clinicas de los
pacientes menores de 18 afios admitidos entre 2011 y 2019 en el
Servicio de Urgencias del Hospital Universitario Fundacion Valle del

Lili, en Cali, Colombia.

» Analizar la frecuencia, tipo y gravedad de las lesiones presentadas

por los pacientes incluidos en la cohorte.

» Evaluar el desempefio de las escalas PTS, ICISS y TRISS en la

prediccion de supervivencia en la poblacion estudiada.

» Desarrollar nuevos modelos predictivos que mejoren la capacidad
pronostica de escalas existentes al ser aplicadas en pacientes

pediatricos.
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3. METODOLOGIA

La presente Tesis se desarrollé bajo la modalidad de compendio de
publicaciones. Esta seccidén describe de manera integrada los aspectos
metodolégicos comunes a los tres estudios que conforman el compendio,
incluyendo el disefio del estudio, los criterios de inclusion y exclusion, las
fuentes de informacion, las variables analizadas y los procedimientos
estadisticos aplicados. La metodologia especifica de cada articulo se
detalla en sus respectivas secciones, mientras que este apartado
proporciona una vision general del enfoque metodologico adoptado para

responder a los objetivos de la investigacion.

3.1 Metodologia general de los estudios

Diseiio y lugar del estudio

Se realizé un estudio observacional de una cohorte retrospectiva de nifios
admitidos entre enero de 2011 y mayo de 2019 en el Servicio de
Urgencias del Hospital Universitario Fundacion Valle del Lili, en Cali,
Colombia. El hospital es una institucién que atiende patologias de alto
nivel de complejidad incluyendo trauma severo, siendo uno de los
grandes centros de trauma del pais, referente en el suroccidente
colombiano, si bien atiende todos los niveles de complejidad. El hospital
cuenta con 721 camas de hospitalizacién, 250 de ellas en cuidado critico,
40 en cuidado critico pediatrico y 10 en cuidado critico de trauma. Atiende

alrededor de 8000 casos de trauma anualmente, de los cuales
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aproximadamente 1000 son severamente lesionados y 700 requieren
activacion de codigo de trauma, es decir, el equipo de mayor nivel de
activacion. Colombia es un pais latinoamericano al noroeste de
Suramérica, con 52.695.952 (50) habitantes, clasificado segun el Banco
Mundial, como un pais de ingresos medios-altos (51) y Cali, la tercera
ciudad del pais en términos demograficos y econémicos, con 2.283.846

habitantes (52).

Participantes

Se incluyeron los pacientes menores de 18 afios quienes recibieron
atencion en el servicio de Urgencias del Hospital Universitario Fundacion
Valle del Lili por lesiones de causa externa derivadas de un traumatismo,
con coédigos diagnodsticos al egreso entre S00 y T149 de la Clasificacion
Internacional de Enfermedades, décima revision, CIE-10 (53), que
requirieron hospitalizacidén o una estancia hospitalaria mayor a 6 horas o

que fallecieron desde su ingreso a urgencias.

Se excluyeron los pacientes con lesiones relacionadas con quemaduras,
ahogamientos, cuerpos extrafos o intoxicaciones. También se
excluyeron los pacientes con patologias cronicas oncolodgicas,
hematoldgicas, metabdlicas u osteoarticulares que pudieran condicionar
el abordaje o desenlace del paciente. Otras exclusiones fueron los
pacientes procedentes de otras regiones (fuera del Cauca o Valle del
Cauca) o con un tiempo transcurrido mayor a 24 horas entre el trauma y
el ingreso al hospital. También se excluyeron los pacientes remitidos de

otros hospitales que hubieran sido intervenidos quirurgicamente, pues
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esto impedia la clasificacion de sus lesiones iniciales y su severidad y
por tanto conllevaba a una clasificacién erronea de los pacientes.
Ademas, los pacientes remitidos a otro hospital antes del dia 30 de
hospitalizacion fueron también excluidos debido a la imposibilidad de
verificar su estado vital (vivo o muerto) en ese momento, aunque la
probabilidad de este desenlace era muy baja porque esta remisién

ocurria desde el mayor nivel de complejidad de la atencidn.

Fuentes de datos y medicién

Registro Individual de Prestaciéon de Servicios de Salud (RIPS)

La seleccion de pacientes se realizé a partir del Registro Individual de
Prestacion de Servicios de Salud (RIPS), un sistema nacional obligatorio
del Sistema General de Seguridad Social en Salud (SGSSS) de Colombia,
que documenta todos los servicios de salud brindados. Este registro
recopila informacion sociodemografica, diagnosticos codificados en CIE-
10, procedimientos realizados, tipo de atencion recibida, destino al alta,
estado vital y causa de muerte, cuando aplica (54). A partir del RIPS se
aplicaron los criterios de inclusién del estudio y se obtuvieron las

variables sociodemograficas.

Revision de historias clinicas electronicas

Una vez identificados los pacientes mediante el RIPS, se llevé a cabo una
revision exhaustiva de los expedientes clinicos electronicos para

completar la recoleccién de variables clinicas y las relacionadas con el
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trauma. El proceso de revision combind la extraccion sistematica de datos
estructurados con la revision manual de informacion no estructurada. Esta
revision permitié verificar la codificacion diagndstica y obtener datos
detallados sobre causa, mecanismo, caracteristicas y severidad del
trauma, asi como variables clinicas como frecuencia cardiaca, frecuencia
respiratoria, presion arterial, ECG y otras necesarias para calcular las

escalas de clasificacion del trauma evaluadas en el estudio.

Verificacion de hallazgos complementarios

Los hallazgos radiolégicos e intraoperatorios (de las cirugias) fueron
verificados manualmente a partir de los informes correspondientes, con
el fin de asegurar la precision y validez de los datos utilizados en el

analisis.

Variable principal de resultado

La variable principal de resultado fue la mortalidad al egreso, medida a
los 30 dias de hospitalizaciéon o antes si fallecié o fue dado de alta a su

casa (en este caso resultado = vivo).

Control de calidad de los datos

Se implementaron medidas de aseguramiento y control de calidad antes,
durante y después del proceso de recoleccion de datos. Una muestra
aleatoria del 15% de los registros fue sometida a un proceso de doble
verificacion, mediante el cual dos investigadores independientes validaron

la informacién y conciliaron cualquier discrepancia detectada.
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Métodos estadisticos

Las variables categodricas se presentaron como frecuencias y
proporciones, y se compararon entre los grupos de sobrevivientes y
fallecidos mediante la prueba de chi-cuadrado con correccién de Yates
por continuidad. Las variables continuas se expresaron como mediana y
rango intercuartilico (RIC), y las comparaciones entre grupos se

realizaron utilizando la prueba de Wilcoxon-Mann-Whitney.

Se evalud el desempeio de las escalas en términos de su capacidad
predictiva de supervivencia. Para ello, se construyé un modelo de
regresion logistica por separado para cada escala, en el cual la variable
dependiente (desenlace) fue el estado vital al egreso, considerado como
una variable dicotémica (vivo/muerto), y la variable independiente
(predictora), fue la escala de trauma correspondiente. Posteriormente, se
analiz6 el desempeno de cada modelo mediante medidas de

discriminacion y calibracion.

La discriminacion se evaluo6 a través del area bajo la curva caracteristica
operativa del receptor (AUROC), que cuantifica la capacidad del modelo
para diferenciar entre sobrevivientes y fallecidos; un valor de 1 indica una
discriminacion perfecta, mientras que un valor de 0,5 refleja una
capacidad predictiva equivalente al azar. La calibracién se valord
mediante la prueba de bondad de ajuste de Hosmer-Lemeshow, la cual
examina la concordancia entre las probabilidades observadas y predichas

por el modelo; un valor de p > 0,05 se interpreta como indicativo de una
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buena calibracion, al no rechazarse la hipotesis nula del buen ajuste del

modelo (55).

El calculo del tamaho muestral se realiz6 utilizando una férmula para la
comparacién de proporciones. Se estimd una muestra requerida de 927
nifos para identificar una diferencia del 2% entre la mortalidad esperada
y la observada, con un nivel de significancia del 5% y un poder

estadistico del 80%.

El estudio se llevé a cabo siguiendo las directrices de Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE). El analisis
estadistico se realizé con Stata® version 17 (StataCorp, College Station,

Texas, EE. UU.).

Una vez descritos los aspectos metodologicos comunes a los tres
estudios que conforman esta tesis, a continuacién, se presenta la
metodologia especifica aplicada en cada uno de éstos. Cada estudio
corresponde a uno de los articulos publicados en el compendio y se
enfoca en la evaluacién del desempefo de una escala de clasificacion del
trauma. Se describen de manera individual el disefio particular, las
variables analizadas y los procedimientos estadisticos utilizados en cada

Ccaso.
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3.2 Metodologia especifica de los estudios

Pediatric Trauma Score (PTS)

Para todos los pacientes incluidos en el estudio se calcul6 el PTS, y se
comparoé entre sobrevivientes y fallecidos. Posteriormente, se desarroll6
un modelo de regresion logistica simple, en el que el PTS se utiliz6 como
variable predictora y la mortalidad al egreso (vivo versus fallecido) como
variable de desenlace. El desempefio del modelo se evalué mediante
analisis de discriminacion, utilizando el area bajo la curva caracteristica
operativa del receptor (AUROC), y mediante analisis de calibracién, a

través de la prueba de bondad de ajuste de Hosmer-Lemeshow.

International Classification of Diseases, 10th Revision (ICD-10)-based

Injury Severity Score (ICISS):

Se calculo para todos los pacientes del estudio y se comparé entre
sobrevivientes y fallecidos. Se desarrollaron dos modelos de regresion
logistica. El primer modelo incluyd solo ICISS como variable
independiente y el estado vital al egreso (vivo o fallecido) como variable
dicotomica de desenlace. El segundo modelo incorporé ademas de ICISS,
la ECG, quedando asi este modelo con dos variables predictoras, ambas

de caracter cuantitativo continuo.

El desempefio de ambos modelos se evalué mediante discriminacion con
AUROQOC, y calibracion, a través de la prueba de bondad de ajuste de
Hosmer- Lemeshow. Se comparé el desempeio de ambos modelos a

través del Criterio de Informacién de Akaike (AIC) (56) y el Criterio de
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Informacion Bayesiano (BIC) (57,58), donde valores mas bajos indican un
mejor modelo. También se realiz6 una comparacion estadistica grafica
de las curvas ROC de ambos modelos utilizando la prueba de DeLong
(56) y se analiz¢ la significancia estadistica de la diferencia observada
entre ambas curvas, considerando una p < 0,05 significativamente

diferente.

Trauma and Injury Severity Score (TRISS)

Se calcularon los puntajes de ISS (que forma parte de TRISS) y TRISS
para los pacientes con informacién completa, y se compararon entre
sobrevivientes y fallecidos. Se desarrollaron dos modelos de regresion
logistica. El primero utilizé el TRISS original como variable predictora y el

estado vital al egreso como variable de desenlace.

Para la construccion del nuevo modelo, se estimaron nuevos coeficientes
para las variables RTS, ISS y edad (variables de la ecuacién para el
calculo de TRISS) mediante regresion logistica, considerando la edad
como una variable continua. A partir de estos coeficientes, se recalculo el
puntaje TRISS, generando una nueva version adaptada denominada
Peds-TRISS. Esto contrasta con la version original de TRISS, que excluye

la edad del modelo en pacientes pediatricos.

Comparamos los modelos Peds-TRISS y el TRISS original utilizando los
criterios AIC y el BIC y realizamos una comparacion estadistica grafica de

las curvas ROC de ambos modelos mediante la prueba de DeLong (56).
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Validacion Interna de los nuevos modelos

Tratandose de nuevos modelos predictivos, siguiendo las
recomendaciones TRIPOD (Transparent Reporting of a multivariable
prediction model for Individual Prognosis or Diagnosis) (59), se realizo
una validacion interna de ambos modelos mediante la herramienta
estadistica de remuestreo Bootstrap, una técnica potente y eficiente que
proporciona estimaciones mas estables y menos sesgadas del
rendimiento de modelos, ampliamente reconocida en la investigacion de
modelos predictivos (59-62). Se utilizaron 500 remuestreos para reducir la
incertidumbre y proporcionar estabilidad y consistencia a los resultados

(63).

Las medidas de rendimiento de la validacion interna fueron la
discriminacion con el estadistico C, la calibraciéon mediante calibration-in-
the-large (CITL, valor ideal de 0), la pendiente de calibracion (valor ideal
de 1) y la razén observada: esperada (razén E:O, valor ideal de 1)

(55,61).

Evaluacion comparativa de resultados

Entre las herramientas de evaluacion de resultados y control de calidad
se encuentran los métodos estadisticos DEF (DEFinitive outcome-based
evaluation), utilizados internacionalmente para comparar las tasas de
supervivencia o mortalidad por traumatismo entre dos instituciones (36,64-

66). Incluyen los estadisticos Z y W El estadistico Z, descrito
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inicialmente por Flora en 1978 (67), compara la supervivencia observada
en un grupo de pacientes con la supervivencia prevista segun el grupo de

referencia (MTOS) y cuantifica la diferencia (36). La formula es:

5. _S=5p

V(22 PiQi)

Donde: S = supervivientes observados, 2Pi = suma de las probabilidades
de supervivencia esperadas, Qi = probabilidad de muerte (1-Pi), 2PiQi =
suma del producto de las probabilidades de supervivencia y muerte (36).
Un valor Z entre -1,96 y +1,96 no es estadisticamente significativo, lo
que significa que no hay evidencia de que el grupo evaluado tenga una
tasa de supervivencia significativamente diferente a la de referencia, con

un nivel de significancia de 0,05 (36,67).

Para que sea valido, Pi y Qi deben tener un valor minimo de 5 (67). Dado
que el valor Z puede verse afectado por las diferencias en la severidad
de las lesiones entre los grupos de comparacion, el estadistico M mide la
comparabilidad entre grupos. Para calcularlo, la probabilidad de
supervivencia se divide en seis rangos y se compara la fraccion de
pacientes en cada rango entre ambos grupos, cuantificando sus
diferencias. Su férmula es: M = S1 + S2 + S3 + S4 + S5 + S6, donde S es
el valor minimo entre ambos grupos en cada rango. Un valor de M entre

0,88 y 1 indica que ambos grupos son similares (36).
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Nosotros utilizamos este método de evaluacién comparativa analizando la

supervivencia como desenlace.
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4. RESULTADOS

Los resultados comprenden los articulos publicados.

Articulo 1:

Titulo; Performance of the Paediatric Trauma Score on survival prediction
of injured children at a major trauma centre: A retrospective Colombian

cohort, 2011-2019

Autores: Ana De los Rios-Perez, Alberto Garcia, Laura Cuello, Sara

Rebolledo, Andrés Fandino-Losada

Revista / Referencia: The Lancet Regional Health — Americas 2022;00:

100312. doi: 10.1016/j.1ana.2022.100312 (68)

*Q1 en categoria: Salud Publica, ambiental y ocupacional

Resumen:

Background: Despite improvements in children’s health due to a
reduction in infections, trauma continues to cause many deaths among
adolescents. Strategies to mitigate morbidity and mortality from trauma
include severity scores to classify and refer patients to the appropriate
hospitals to provide better management; however, these strategies have
not been assessed in Colombian children. This study aimed to describe

the characteristics and outcomes of injured children and evaluate the
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performance of the PTS in predicting survival at a major trauma centre in

a Colombian city.

Methods: This was a retrospective cohort study of children aged <18
years who were treated for injuries at a hospital in Colombia. The primary
outcome was 30-day mortality. A simple logistic regression model was
used with PTS as the predictor variable and vital status at discharge as
the outcome variable. PTS performance was assessed by discrimination
using the area under the receiver-operating characteristic (AUROC) curve

and by calibration using the Hosmer-Lemeshow (HL) goodness-of-fit test.

Findings: A total of 1047 children were admitted. The median age was 12
years (interquartile range [IQR]=5-15); 73.7% were male, and 66.1% had
blunt trauma. The most frequent cause of injury was traffic accident
(31.5%) followed by assaults (29%). Mortality was 5.9%; 61.3% of these
deaths occurred in adolescents between 15 and 17 years of age and 71%
of deaths in this age group were due to injuries from a firearm. The PTS
had a median of 7 (IQR=5-9), an AUROC of 0.93, and good calibration

(HL=7.97, p = 0.33).

Interpretation: The highest proportion of trauma and death occurred
among adolescents. Interpersonal violence was the most frequent cause
of death in this age group. The PTS showed good predictive power for

survival, with excellent discrimination and good calibration.
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Summary

Background Despite improvements in children’s health due to a reduction in infections, trauma continues to cause
many deaths among adolescents. Strategies to mitigate morbidity and mortality from trauma include severity scores
to dassify and refer patients to the appropriate hospitals to provide better management; however, these strategies
have not been assessed in Colombian children. This study aimed to describe the characteristics and outcomes of
injured children and evaluate the performance of the Pediatric Trauma Score (PTS) in predicting survival at a major
trauma centre in a Colombian city.

Methods This was a retrospective cohort study of children aged <18 years who were treated for injuries at a hospital
in Colombia. The primary outcome was 30-day mortality. A simple logistic regression model was used with PTS as
the predictor variable and vital status at discharge as the outcome variable. PTS performance was assessed by dis-
crimination using the area under the receiver-operating characteristic (AUROC) curve and by calibration using the
Hosmer-Lemeshow (HL) goodness-of-it test.

Findings A total of 1047 children were admitted. The median age was 12 years (interquartile range [IQR]=5—15);
73-7% were male, and 66-1% had blunt trauma. The most frequent cause of injury was traffic accident (31-5%) fol-
lowed by assaults (29%). Mortality was 5-9%; 61-3% of these deaths occurred in adolescents between 15 and 17 years
of age and 71% of deaths in this age group were due to injuries from a firearm. The PTS had a median of 7 (IQR=5
—9), an AUROC of 0-93, and good calibration (HL=7-97, p = 0-33).

Interpretation The highest proportion of trauma and death occurred among adolescents. Interpersonal violence was
the most frequent cause of death in this age group. The PTS showed good predictive power for survival, with excel-
lent discrimination and good calibration.
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Introduction

According to the Global Burden of Disease Study, the
health of the population worldwide has improved; how-
ever, this improvement has been modest in children

*Corresponding author. older than 10 years, in whom injuries continue to be the
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Research in context

Evidence before this study

This study was conducted in 2019. Before its initiation, a
PubMed search was conducted using the search terms
("Pediatrics"[Mesh] OR pediatric* OR child¥) AND
{trauma OR injur¥) AND ("survival prediction”) without
language or year of publication restrictions. No study
has assessed the prediction of survival in injured chil-
dren or the performance of PTS in their care in Latin
America. Few studies on paediatric trauma were found
from Colombia; most descriptive and used a combina-
tion of adult and paediatric subjects, and none applied
trauma scores in children. We repeated the search in
July 2021, and again found no publications in Latin
America.

Added value of this study

Research on paediatric trauma in Colombia is scarce, lim-
iting the availability of data to enable the proposal of
intervention strategies that mitigate the incidence of
trauma and its devastating consequences. This study
contributes to scientific evidence in Colombia and Latin
America and is one of the region'’s largest cohorts of pae-
diatric trauma studies. Unlike most studies reported
worldwide, this study showed a significant degree of fire-
arm violence among adolescents; firearm violence was
the leading cause of death. Therefore, firearm violence is
a relevant public health problem that requires intersec-
toral interventions. Results also showed that a high pro-
portion of children were referred from other hospitals
with insufficient resources and training, suggesting an
opportunity for intervention in prehospital care in both
the initial approach of the injured child and their transfer
from the scene to the appropriate hospital for continued
health care. Most studies on paediatric trauma in this
region have been descriptive. Qur study is the first in
Colombia and Latin America to assess survival prediction
in children with trauma using the PTS. Although interna-
tional authorities have historically recommended the use
of PTS in the injured, it is not routinely used in our health-
care settings; consequently, children are not transferred
from trauma sites with objective criteria such as severity
classification. Rather, criteria upon transfer are subjective
or administrative, delaying the definitive care of more
seriously injured patients.

Implications of all the available evidence

Our results showing that high levels of violence are the
leading cause of death among adolescents will facilitate
the proposal of multidisciplinary and intersectoral inter-
vention strategies of a preventive nature. The findings
support the systematic use of PTS in the care of injured
children, thereby optimising their transfer to the appro-
priate hospital. This prevents wasting of the resources of
large centres in the care of trivial injuries or delaying the
care of seriously injured children in centres with insuffi-
cient resources, directly affecting patient outcomes.

than sudden infant death, cancer and infectious dis-
eases combined.’ Unintentional injuries are the second
leading cause of death after 5 years of age, and inten-
tional injuries are the third leading cause after 15 years.”
In Colombia, violence is the leading cause of death after
5 years of age.* These high injury rates represent a severe
public health problem requiring multisectoral collabora-
tive efforts, and are an evident opportunity for preventa-
tive injury intervention. However, when prevention fails,
the next opportunity for intervention is to provide opti-
mal care for the injured to impact their survival favour-
ably with the fewest sequelae possible. Strategies such as
using trauma scores have been proposed; such scores
have existed for more than 40 years and have shown vari-
able performance results. Nonetheless, each scoring sys-
tem has particular benefits that must be considered,
along with the ease of application and availability of the
resources necessary to calculate the scores”’ Trauma
scores have prognostic utility, standardise the language
used by different professionals (prehospital healthcare
workers, emergency physicians, intensivists, surgeons,
traumatologists, epidemiologists, and researchers), allow
interhospital comparisons, and improve resource plan-
ning by providing information about patient severity.
The Pediatric Trauma Score (PTS), designed for children,
is an available trauma scoring tool. The American Col-
lege of Surgeons Committee on Trauma (ACS COT} in
Advanced Trauma Life Support has highlighted the PTS
as a helpful tool for the initial approach to paediatric
trauma.® Its performance has not been assessed in
Colombia, a region with trauma characteristics and care
systems that differ from the United States, where the
score was developed. The present study is the first in
Colombia and Latin America to evaluate the ability of the
PTS to predict survival in injured children. This study
also aimed to describe the trauma characteristics and out-
comes of the assessed children.

Methods

Study design and setting

This was an analytical observational study of a retrospec-
tive cohort of children admitted between January 2011
and May 2019 to the emergency room of Fundacién
Valle del Lili University Hospital in Cali, Colombia. Ini-
tially, the study period was proposed until December
2018; however, the period was extended until May 2019
to achieve an optimal sample size.

The study hospital has 523 beds; 205 are in the inten-
sive care unit. The hospital treats highly complex patholo-
gies, induding severe trauma, and is equivalent to a
major trauma centre. Colombia is a country in northern
South America, with 48,258,494 inhabitants.” According
to the World Bank dassification, the country is categor-
ised as a medium-high income country.® Cali is a city in
the southwestern region with 2,496,442 inhabitants.”

www.thelancet.com Vol 13 September, 2022
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The study protocol was approved by the hospital's
Biomedical Research Ethics Committee under registra-
tion number 295—2018.

Participants

Participants included children under 18 years of age
who presented to the emergency room with a trauma
diagnosis (International Classification of Diseases, 1oth
edition, discharge codes between Soo and Ti4g) and
required hospitalisation consisting of a stay longer than
6 h or death before that time. Patients were excduded if
they had burns, were involved in a drowning accident,
were diagnosed as having a foreign body, or were intoxi-
cated. Further exdusions induded if more than 24 h
had elapsed since the trauma, if they were transferred to
another hospital before day 3¢ of hospitalisation due to
the impossibility of verifying their vital status at that
time, or if they were transferred from provinces other
than Valle del Cauca or Cauca. In addition, patients
were excluded if they had haematological, oncological,
metabolic, or osteopathic comorbidities that could influ-
ence the approach or outcome, or if they had undergone
surgical interventions at another institution due to the
impossibility of classifying their initial lesions; there-
fore, trauma scores could not be calculated which could

Eligible children diagnosed with trauma
between January 2011 and May 2019

1,430 children

Review of medical records

lead to an erroneous classification of individuals
(Figure 1).

Data sources and measurement

The dinical registries of the included patients were
reviewed; diagnostic coding was verified, sociodemo-
graphic information, the mechanism and cause of
trauma, and the type and severity of injuries were
obtained, and radiology reports were reviewed. Trauma
time was defined as the time elapsed between injury and
hospital admission. This information was collected from
the patient’s dinical history which included the date and
time of the injury. Clinical variables such as heart
rate, respiratory rate, blood pressure, Glasgow Coma
Scale score, and the variables necessary to calculate
the PTS, among others, were obtained. The primary
outcome variable was mortality at discharge, mea-
sured on day 30 of hospitalisation or earlier if the
patient died or was discharged home. We considered
surgery, blood transfusion, and intensive care as sec-
ondary outcome variables. The predictor variable was
the PTS. The injury severity score (ISS), a score
widely used by trauma researchers, was calculated
and compared between living and dead patients and
included in the analysis.”

1,047 children

Figure 1. Participant flow chart.

383 excluded

222 more than 24 hours since the trauma

29 transferred to another hospital before
the 30th day of admission

14 undergoing surgery at another hospital
27 with comorbidity*
76 with wrong diagnostic code
15 other causest

*Haematological, oncological, metabolic, or osteopathic comorbidities.
fOther causes: unknown time since trauma, escape, transfer from provinces other than Valle del Cauca or Cauca.
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The direct cause of death was determined from death
certificates and verified by reviewing the patients’ dinical
registries.

Pediatric trauma score

The PTS was described in 1987 by Tepas et al.”™ Itg
application in children combines physiological and ana-
tomical variables—weight, airway status, systolic blood
pressure, central nervous system status, fractures, and
wounds—to dassify the severity of the injury. The tool
yields a score between -6 and +12, with lower scores
indicating greater severity. A score <8 suggests that the
patient should be transferred to a trauma centre because
of a significantly increased risk of mortality.”

Injury severity score

The ISS was first described in 1974 as the sum of the
squares of the three highest Abbreviated Injury Scale
(AIS} scores between different body areas.” A score of
16 or more has traditionally been established as a severe
injury.”® The AIS, necessary to calculate the ISS, was
described in 1971, and its score ranges from o to 6, with
3 being a severe injury and 6 being the worst injury.™

Statistical methods
Categorical variables are presented as frequencies and
proportions and were compared between survivors and
deceased using either a chi-square or Fisher's exact test,
as appropriate. Continuous variables are presented as
the mean and standard deviation or median and inter-
quartile range (IQR) according to the normality of their
distribution. Variables were compared between the
deceased and survivors using the Student’s t-test or Wil-
coxon-Mann-Whitney sum of ranges, as appropriate.
The performance of PTS in predicting survival was eval-
uated using a simple logistic regression model, consid-
ering PTS ag a predictor variable and vital status at
discharge (alive or dead) as a dichotomous outcome vari-
able, with the application of statistical tools such as dis-
crimination and calibration. Discrimination using the
area under the receiver-operating characteristic
(AUROC) curve accurately demonstrates the ability of
the score to predict survival, with a value of 1 indicating
perfect discrimination and a value of o-5, a predictive
capacity that is not superior to chance. Calibration was
assessed using the Hosmer-Lemeshow goodness-of-fit
test, which measures the agreement between the
observed probability of survival and that predicted by
the model, indicating p > 0-05 as a good calibration."
We hypothesised a good discriminative capacity with
an ROC curve greater than o-g and a good fit between
observed and expected mortality with a goodness of fit of
p > 0-05. The sample size was calculated using a propor-
tional-comparison formula. The a priori estimated sam-
ple size was 1043 children, which was estimated to detect

n=1047
Median age, years (p25 to p75) 12 (5-15)
Age groups
0—4 years 221 {211%)
5—9 years 229 (21.9%)
10—14 years 249 (23.8%)
15—17 years 348 (33-2%)
Sex
Male 772 (73.7%)
Female 275 (26:3%)
Payor status
Private insurance 692 (66%)
Subsidised 355 (34%)
Origin {province)
Valle del Cauca 775 (74%)
Cauca 272 (26%)
Transportation®
Ambulance 791 (76:1%)
Private/not ambulance 248 (23-9%)
Transferred from another hospital®
Yes 725 (70%)
No 311 (30%)
Mechanism of injury
Blunt 692 (66:1%)
Penetrating 355 (33.9%)
Cause of injury
Traffic accident 330 (31-5%)
Assault 304 (29%)
Firearm 224
Stabbing 59
Hit by/against something 13
War explosive 8
Fall 297 (28-4%)
Other 110 (10:5%)
Unknown 6 (0-6%)
Age-adjusted hypotension
Yes 74 (7%)
No 973 (93%)
Glasgow Coma Scale”
13-15 790 (78%)
9-12 79 (7.8%)
3-8 144 (14.2%)
PTS, median (p25 to p75) 7(5—9
1SS, median (p25 to p75) 9(5-17)
Iy
Yes 521 {49.8%)
No 526 (50.2%)
Blood transfusion
Yes 265 (25:3%)
No 782 (74.7%)
Surgery
Yes 649 (62%)
No 398 (38%)
Hospital stay, median (p25 to p75) 35(1.7-6.9)
Mortality 62 (5-9%)
Table 1: graphic and clinical char istics of the
children.

Data are 1 (%) or median (pz5 to pys). PTS=pediatric trauma score.
1SS=injury severity score. ICU=intensive care unit.

¢ Data were available for 1039 patients.
" Data were available for 1036 patients.
¢ Data were available for 1013 patients.
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a difference of 2% between observed and expected mor-
tality (two-sided 5% significance, power go%j.

The analyses were performed using Stata® version
16.1 (StataCorp, College Station, Texas 77845, USA).

Role of the funding source

There was no funding source for this study. All authors
had full access to the study data and final responsibility
for the decision to submit for publication.

Results
Between January 2011 and May 2019, 1047 children
aged <18 years were admitted to the emergency room
and fit the criteria to be induded in the study. Among
those excluded, 29 (2-7%) were transferred to hospitals
of a lower level of complexity before the 30th day of hos-
pitalisation. These patients were excluded because their
vital status could not be verified at discharge. Reasons
for transferring a patient before 30 days of hospitalisa-
tion were related to administrative issues affecting the
completion of treatment. Thus, 29 patients, considered
a low proportion, were transferred with no 3o-day sur-
vival data. However, these patients likely were alive and
thus would have a minimal effect on survival estimates.
The median age was 12 years (IQR, 5—15 years}, and
73-7% were male. Colombia's subsidised health insur-
ance system covered 34% of the total, and the remaining
66% was covered by the contributory health insurance
system (private insurance}. The injury mechanisms
were blunt (66-1%) and penetrating (33-9%). The most

80
L

60
L

Proportion of the deaths
40
N

20
L

common causes of injury were traffic accidents and
assaults, accounting for 31-5% and 29%, respectively;
the former was more frequent in children under 10 years
of age, and the latter was more frequent after 10 years of
age. The median PTS was 7 (IQR, 5—g). The mortality
rate was 5-9% (Table 1); mortality occurred in the first
24 h in 67% of cases, and the median was 15 h (IQR 3-8
—49) (Figure 2) without deaths after day 20 of hospital-
isation. Cranicencephalic trauma was the most frequent
cause of death (Table 2}. Sixty-one and three tenths per-
cent of the deaths were due to intentional trauma, with
firearms caused 95% of these deaths. Table 2 shows the
cause of death according to the anatomical location and
intentionality of injury.

Regarding the secondary outcome variables, 62%
underwent surgery, 49-8% were admitted to the ICU,
and 25-3% received a blood transfusion.

For bivariate analysis, the patients were classified
according to their vital status at discharge (Table 3).

Eighty-four percent of the deceased patients were
between 10 and 17 years of age, and 71% of them died
due to an assault. Most deceased patients were adoles-
cent males with a lower ability to pay, penetrating
trauma, admitted in a coma (Glasgow median, 3}, with a
median PTS of o, and a median ISS of 31 (severe
trauma}. Almost 25% were admitted to the hospital in a
state of decompensated shock (hypotension adjusted for
age), indicating a state of extreme severity, with death
occurring within the first hour after admission
(median, 60 min; IQR, 45—94 min). In this group
of dead children, 51-6% underwent surgery, 53-2%

(=] T T T

0 5 10

T
15 20 25 30

Days since injury

Figure 2. Mortality timing.

Mortality was measured on day 30 of hospitalisation or earlier if the patient died or was discharged home.

Data were available for 815 patients.
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Head Chest Abdomen Thoracoabdominal
Unintentional 20 1 1 1
Intentional 32 1 2 3
Indeterminate 1
Table 2: Cause of death ding to i ionality and I site of the injury.
Data are n.
Alive (n =985} Dead (n = 62} pvalue
Median age, years (p25 to p75) 11 (5—-15) 5(13-17) <0.0001
Age groups <0.0001
0—4 years 215 (21.8%) 6(9.7%)
5—9years 225 (22.8%) 4 (6-4%)
10—14 years 235 (23.9%) 14 (22.6%)
15—17 years 310 (31:5%) 38 (61:3%)
Sex 0.03
Male 719 (73%) 53 (85:5%)
Female 266 (27%) 9 (14.5%)
Payor status <0.0001
Private insurance 667 (67.7%) 25 (40-3%)
Subsidised 318 (32:3%) 37 (59.7%)
Origin 024
Valle 733 (74.4%) 42 (67.7%)
Cauca 252 (25.6%) 20 (32:3%)
Transferred from another hospital® 672 (69%) 53 (87%)
Mechanism of injury <0-0001
Blunt 667 (67.7%) 25 {40:3%)
Penetrating 318 (32.3%) 37 (59.7%)
Age-adjusted hypotension 59 (6%) 15 (24.2%) <0.0001
Glasgow Coma Scale, median (p25 to p75)” 15 (14-15) 3(3-6) <0:0001
PTS, median (p25 to p75) 8(5-9 0 (-1) <0001
1SS, median (p25 to p75) 9 (4-16) 31(25-37) <0-0001
1cU <0-0001
Yes 470 (47.7%) 51(82:3%)
No 515 (52:3%) 11(17.7%)
Blood transfusion <0:0001
Yes 232 (23.6%) 33 (53.2%)
No 753 (76.4%) 29 {46-8%) 0.08
Surgery
Yes 617 (62.6%) 32 (51-6%)
No 368 (37.4%) 30 {48.4%) <0-0001

¢ Data were available for 1036 patients.
 Data were available for 1013 patients.

Table 3: Bivariate analysis: characteristics of patients by vital status at discharge.
Data are 1 (%) or median (pz5 to pys). PTS=pediatric trauma score. 1SS=injury severity score. ICU=intensive care unit.

received a blood transfusion, and 82-3% were admit-
ted to the ICU since the remaining percentage died
before ICU admission.

We found 689 (66%) patients with a PTS <8 and
358 with a PTS >8. The performance of the PTS showed
an AUROC of 0-93 (95% CI 0-89 to 0-96; p < 0-0001}
(Table 4; appendix p 2} and Hosmer—Lemeshow

goodness of fit of 7-97 (p = 0-33; Table 4}, indicating
excellent discrimination and good calibration, respec-
tively, and a performance that was maintained for the
different injury mechanisms (blunt or penetrating)
(Table 4}. Given the dassic PTS cut-off point of 8 as the
value from which mortality increases significantly, we
evaluated the performance of the PTS by categorising
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OR p value 95% ClI AUROC HL Prob > X2
PTS
Complete cohort (n = 1047) 18 <0-0001 1.61-2.02 093 7.97 033
Blunt trauma (n = 692) 1.68 <0-0001 1.44-1.95 091 319 0.87
Penetrating trauma (n = 355) 19 <0-0001 1.59-2.28 093 8.72 012

Table 4: Performance of Pediatric Trauma Score by the mechanism of injury.
OR=0dds ratio, Cl=confidence interval, AUROC=area under the receiver-operating characteristic curve, HL=Hosmer—Lemeshow.

its score, observing an AUROC of 0-92 (95% CI 0-8¢9
—0-94) in those with PTS <8 and o-74 (95% CI o-71
—0-76} in those with a PTS >8. We “rescued” the pre-
dictive capacity in children with a worse score for whom
referral to the appropriate hospital is a priority because
of their high probability of dying. An additional analysis
was done to evaluate the performance of the PTS
according to age and the presence of severe head injury

(Appendix p 3).

Discussion

This study presents data on the frequency, severity, and
characteristics of trauma in a paediatric sample in
Colombia. Traffic accidents and assaults were the most
frequent causes of injury. The results regarding traffic
accidents are in accordance with existing evidence from
other researchers worldwide’®° and within the
region.”** These injuries are potentially preventable
with the implementation or optimisation of adequate,
exhaustive, and strong prevention measures linked to a
solid and robust surveillance system. Notably, reported
deaths in our study were predominantly intentional and
caused by firearms, which contrasts with studies report-
ing that deaths due to trauma were mostly uninten-
tional.” We also observed that most of the deceased
children had severe cranioencephalic trauma and that
death occurred quickly, similar to studies that analysed
trauma mortality.”> The proportion of deceased who did
not receive surgery or require admission to the ICU was
attributed to the extreme severity of their admission sta-
tus, with rapid progression to brain death and death.
Although mortality from injuries has decreased world-
wide, injuries remain among the leading causes of
death,” and many young lives continue to be lost. In
Colombia, violence is the leading cause of death after
5 years of age*; this is a serious and critical social prob-
lem and of major concern considering that these victims
are children. These deaths are “the tip of the iceberg” as
more injured children survive but require hospital care
or are left with disabilities.”® The considerable percent-
age of hospitalised patients who were transferred from
hospitals with a lower level of complexity, mainly those
who died, is a noteworthy finding of our study. We do
not have information on the treatment received in the
originating hospitals; however, the patient status upon

www.thelancet.com Vol 13 September, 2022

arrival induded coma and median PTS and ISS scores
of o and 31, respectively, values with a high mortality
rate.”*** Furthermore, a proportion of them arrived
hypotensive, which in children is considered a terminal
situation with increased mortality™; therefore, it is cru-
cial to receive the required care in the shortest time pos-
sible. These critical patients should be transferred
directly from the injury site to a major trauma centre
because the risk of imminent death is high without ade-
quate care and timely intervention.*=7

The proportion of violent trauma evidenced in this
study represents a serious public health problem that
must be addressed with investment and combined
efforts at the local, international and intersectoral lev-
els.*® Such efforts include those proposed by the World
Health Organization (WHO} in collaboration with the
United States Centers for Disease Control and Preven-
tion (US CDC)}, the Pan American Health Organization
(PAHO}, and the United Nations Children's Fund (UNI-
CEF), among other organisations, with the implementa-
tion of the INSPIRE strategies for preventing violence
against children.”® Although the prevention of injuries
is an ideal concept, injuries do occur despite the best
preventive efforts, and physicians must be prepared to
treat them accordingly. One strategy with demonstrated
value is the use of trauma scores® that objectively clas-
sify patients and facilitate routing to an appropriate
trauma centre; such scores have been used in paediat-
rics since the 1980s. However, their performance in
survival prediction has not been evaluated in Latin
America. The PTS was designed in a developed country
(United States}, with social characteristics different
from those of our country, as well as an organised road
infrastructure, a more specialised, structured and coor-
dinated health and trauma care system, and trauma
characteristics different from those of our environment.
Additionally, the PTS has been implemented for several
decades, during which time there have been progressive
technological developments and the creation of particu-
lar protocols for caring for injured patients. It was
important to assess the effectiveness of the PTS in our
environment. We found that the PTS was considerably
lower in deceased patients. The critical value at which
infant mortality has traditionally been considered to
increase was reported by Tepas as 8. However, in our
study, we evaluated the cut-off point in the ROC curve
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with greater sensitivity and specificity, finding this
threshold at 4, very different than the threshold pro-
posed by Tepas.™ A study by Orliaguet et al.> had simi-
lar results to ours. Like our study, their study used ROC
curves, one of the statistical tools with greater diagnostic
accuracy in this type of analysis.’*?* We evaluated the
capacity of the scoring tool to predict survival, finding
an excellent performance in both discrimination and
calibration, which has also been demonstrated by
researchers in other countries.’”?3473¢ Other studies,
such as that of Yoon et al.’” reported that although the
performance of the PTS was good, it was lower than
that of other scores such as the BIG score (composed of
the base deficit [B], International normalized ratio [I],
Glasgow Coma Scale [G]). However, those scores
require laboratory tests, resulting in additional time
waiting for results or a complex calculation in some con-
texts. Furthermore, it may not be available at all levels of
care or in the prehospital setting. There are several rea-
sons for the good performance of the PTS found in our
study. First, PTS combines anatomical and physiologi-
cal factors, induding weight, among its variables, recog-
nising that the severity of injuries and responses differ
depending on age or body size.**® Second, PTS evalu-
ates the central nervous system, which is of great rele-
vance because with multisystem involvement as often
occurs with severe trauma, the level of consciousness is
one of the main signs of hypoperfusion and haemody-
namic instability that occurs even before hypotension.
Third, as an element of quality control, the PTS makes
it possible to identify deaths with less severe injuries, in
which handling errors could have occurred. However,
the current study did not address the characteristics of
the treatment received as this was not part of the stated
objectives. Added to these strengths is the ease of calcu-
lation of the PTS in both prehospital and in-hospital set-
tings by medical or non-medical health personnel. In
addition to its good results, it is reasonable to systemati-
cally indude PTS in the care for injured children, as the
American College of Surgeons recommends in its
Advanced Trauma Life Support (ATLS) manual.® The
PTS quantifies the severity of trauma, supports efficient
resource allocation and use for the care of injured chil-
dren and the dissemination of data and experiences in
hospitals, and generates scientific evidence that objec-
tively helps in public health decision-making. With its
use, we, as healthcare providers in our country, could
contribute to and align ourselves with the Global Strat-
egy for the Health of Women, Children, and Adoles-
cents, which seeks, among other objectives, to reduce
preventable mortality and improve health for children
and adolescents by 2030.%°

This study had the following limitations. The study
was retrospective with inherent limitations. We did not
have information about prehospital care, the treatment
received before arrival at our hospital, or the specific cir-
cumstances under which the trauma occurred, such as

the use of safety measures in traffic accidents. The study
was monocentric, which limits the generalisability of
the results. Including other geographical contexts
implies collaborative inter-institutional efforts, but gives
us privileged information, which will be interesting to
consider in the future. Regarding the strengths of our
study, the sample size was appropriate compared to
other studies on paediatric trauma in the region and
incduded a significant proportion of patients with violent
trauma, which is low in most paediatric studies.

In conclusion, most deaths in this study were caused
by intentional trauma (violence}, and firearms were
used in almost all deaths. Cranioencephalic trauma was
the leading cause of death. PTS showed an excellent
ability to predict survival, regardless of the mechanism
of injury. Prospective studies are needed; ideally, these
would include the analysis of regional trauma records to
allow epidemiological surveillance at the hospital level.
Such studies would complement the surveillance car-
ried out by government entities, and thus reduce the
knowledge gap and enhance planning strategies that
would impact the health and well-being of children.
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Resumen:

Background: Pediatric trauma is a major global health concern,
accounting for a substantial proportion of deaths and disease burden from
age 5 onwards. Effective triage and management are essential in pediatric
trauma care, and prediction models such as the Trauma Injury Severity
Score (TRISS) play a crucial role in estimating survival probability and
guiding quality improvement. However, TRISS does not account for age-
specific factors in pediatric populations, limiting its applicability to younger
patients. This study aimed to modify TRISS to account for age for children
(Peds-TRISS) and to evaluate its performance relative to the original
TRISS. We also assessed survival outcomes to explore the model's

potential utility across various clinical settings. These efforts align with
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quality improvement initiatives to reduce preventable mortality and

supporting sustainable development goals.

Methods: This retrospective cohort study included patients under 18
years of age who were treated at a hospital in Colombia between 2011
and 2019. New coefficients for TRISS covariates were calculated using
logistic regression, with age treated as a continuous variable. Model
performance was evaluated based on discrimination (C statistic) and
calibration, comparing Peds-TRISS with the original TRISS. Internal
validation was conducted using bootstrap resampling. Survival outcomes
were assessed using the M and Z statistics, which are commonly used for

international trauma outcome comparisons.

Results: The study included 1,013 pediatric patients with a median age of
12 years (IQR 5-15), of whom 73% were male. The leading causes of
injury were traffic accidents (31.1%), falls (28.8%), and assaults (28.7%).
The overall mortality rate was 5.7%. The Peds-TRISS model
demonstrated good calibration (HL = 9.7, p = 0.3) and discrimination (C
statistic = 0.98, 95% CI 0.97-0.99), with no statistically significant
difference in the ROC curve comparison with the original TRISS. Internal
validation demonstrated strong performance of Peds-TRISS. The M and Z
statistics were 0.93 and 0, respectively, indicating no significant

differences between expected and observed survival rates.

Conclusions: Most fatalities occurred among adolescents and were due

to intentional injuries. The Peds-TRISS model showed a partial
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improvement in performance compared to the original TRISS, with
superior results in terms of calibration, although not in discrimination.
These findings highlight the potential of model customization for specific
populations. Prospective, multicenter studies are recommended to further

validate the model's utility across diverse settings.
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Background: Pediatric trauma is @ major global health concern, accounting fora
substantial proportion of deaths and disease burden from age 5 onwards.
Effective triage and management are essential in pediatric trauma care, and
prediction models such as the Trauma Injury Severity Score (TRISS) play a
crucial role in estimating survival probability and guiding quality improvement.
However, TRISS does not account for age-specific factors in pediatric
populations, limiting its applicability to younger patients. This study aimed to
modify TRISS to account for age for children (Peds-TRISS) and to evaluate its
performance relative to the original TRISS. We also assessed survival outcomes
to explore the model’s potential utility across various clinical settings. These
efforts align with quality improvement initiatives to reduce preventable
mortality and supporting sustainable development goals.

Methods: This retrospective cohort study included patients under 18 years of
age who were treated at a hospital in Colombia between 2011 and 2019. New
coefficients for TRISS covariates were calculated using logistic regression, with
age treated as a continuous variable. Model performance was evaluated based
on discrimination (C statistic) and calibration, comparing Peds-TRISS with the
original TRISS. Internal validation was conducted using bootstrap resampling.
Survival outcomes were assessed using the M and Z statistics, which are
commonly used for international trauma outcome comparisons.

Results: The study included 1,013 pediatric patients with a median age of 12
years (IQR 5-15), of whom 73% were male. The leading causes of injury were
traffic accidents (31.1%), falls (28.8%), and assaults (28.7%). The overall mortality
rate was 5.7%. The Peds-TRISS model demonstrated good calibration (HL = 9.7,
p=0.3) and discrimination (C statistic = 0.98, 95% Cl 0.97-0.99), with no
statistically significant difference in the ROC curve comparison with the
original TRISS. Internal validation demonstrated strong performance of Peds-
TRISS. The M and Z statistics were 0.93 and O, respectively, indicating no
significant differences between expected and observed survival rates.
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Conclusions: Most fatalities occurred among adolescents and were due to
intentional injuries. The Peds-TRISS model showed a partial improvement in
performance compared to the original TRISS, with superior results in terms of
calibration, although not in discrimination. These findings highlight the potential
of model customization for specific populations. Prospective, multicenter studies
are recommended to further validate the model's utility across diverse settings.

KEYWORDS

injuries, pediatric trauma, trauma severity indices, trauma score, TRISS, trauma injury
severity score, survival prediction, quality of care

1 Introduction

Injuries among children and adolescents represent a significant
global health challenge, with more than 1,600 individuals under the
age of nineteen dying daily due to trauma. This burden is
particularly pronounced in low- and middle-income countries,
where both the incidence and impact of injuries exceed those
observed in high-income regions (1, 2). Among individuals aged
5-29, 3 of the 5 leading causes of death are injury-related,
including traffic accidents, falls, homicides, and suicides (3).
‘While unintentional injuries account for the majority of these
deaths globally (4), Colombia presents a distinct trauma
epidemiology. In this country, interpersonal violence emerges as
the leading cause of death starting at age 10 and ranks as the
fourth leading cause from age 5 onward (5).

Both the World Health Organization (WHO) (6) and the Centers
for Disease Control and Prevention (CDC) (7) recognize injuries as
the number one killer of young people, underscoring the urgent
need for effective strategies to mitigate the toll of trauma on this
vulnerable population. Beyond fatalities, tens of millions of
individuals worldwide suffer non-fatal injuries each year, resulting
in long-term healthcare needs, rehabilitation, and substantial
economic impacts due to premature death and disability (8-10).

To address this burden, international trauma care authorities
emphasize strategies to improve trauma care quality and outcomes.
Survival prediction models play a central role in these efforts,
providing tools to estimate survival probabilities and guide clinical
decision-making (11). However, while numerous prediction tools
have been developed and validated for adult trauma populations,
similar tools specifically tailored to pediatric trauma remain scarce.
This gap is particularly concerning, given the distinct physiological
and epidemiological characteristics of pediatric patients, which
differ significantly from those of adults. Accurate predictive models
for pediatric trauma are essential to guide clinical decision-making,
improve outcomes, and address the unique needs of children.

The Trauma and Injury Severity Score (TRISS) is one of the
most widely used tools in trauma centers for assessing patient
survival likelihood, enabling healthcare providers to identify

Abbreviations

high-risk patients and prioritize care (12-16). Additionally, TRISS
supports trauma center quality improvement by comparing
observed vs. expected outcomes, facilitating benchmarking, and
identifying gaps in care (17, 18). This approach aligns with
the WHO’s
Programmes, which advocate for strategies to reduce the burden of

Guidelines for Trauma Quality Improvement
trauma worldwide (19).

TRISS  was adult
populations, and its predictive accuracy is limited in pediatric

However, originally developed for
patients (20, 21). This limitation arises from the model’s use of
age as a binary variable, which overlooks the nuanced impact of
age on survival in children (22, 23). Studies have shown that
modifying TRISS to treat age as a continuous variable or
recalculating its coefficients can significantly enhance its
predictive power for pediatric populations (24-26).

Despite these advancements, pediatric-specific adaptations of
TRISS remain limited, as most survival prediction models have
been optimized for adults rather than children. This issue is
particularly relevant in Colombia, where the unique trauma
epidemiology—characterized by high rates of violence and other
trauma-related causes—emphasizes the need to test and adapt
predictive tools for pediatric populations in Latin America.

In this study, we aimed to adapt TRISS to account for pediatric
age as a continuous variable (Peds-TRISS) and evaluate its
performance among children treated at our trauma center in
Colombia. Rather than creating a new model, we focused on
refining the existing TRISS framework to improve its
applicability to pediatric trauma, ultimately contributing to
evidence to improve quality of care and outcomes in this

vulnerable population.

2 Materials and methods
2.1 Study design and setting

A retrospective study was conducted in the emergency
department at Fundacién Valle del Lili Hospital in Cali,

ACS COT, American College of Surgeons Committee on Trauma; AIC, Akaike information criterion; AIS, abbreviated injury scale; AUROC, area under the receiver
operating characteristic curve; BIC, Bayesian information criterion; CITL, calibration-in-the-large; DEE, dEFinitive outcome-based evaluation; E:O, observed: expected
ratio; HL, Hosmer-Lemeshow; ICD-10, International classification of diseases, 10th edition; IQR, interquartile range; ISS, injury severity score; MTOS, major trauma
outcome study; NICE, National institute for health and care excellence; Peds-TRISS, age-adjusted trauma injury severity score; RTS, revised trauma score; TRIPOD,
transparent reporting of a multivariable prediction model for individual prognosis or diagnosis; TARN, trauma audit and research network; TRISS, trauma injury

severity score; WHO, World Health Organization.
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Colombia, between January 2011 and May 2019. Cali is served by
three major trauma centers, including our hospital. Our institution
operates as a Level I trauma center with 721 beds, including 250
dedicated to critical care. It handles approximately 8,000 trauma
cases annually, of which 1,000 involve severely injured patients,
and 700 require trauma code activation. In addition to trauma
care, the hospital manages other complex pathologies and serves
as a referral center for the southwestern region of the country.

2.2 Participants

Patients under 18 years old who were treated in the emergency
department for trauma injuries (discharge diagnosis codes between
S00 and T149, according to the International Classification of
Diseases, 10th edition) were included in the review. Patients were
selected if they required hospitalization, had a hospital stay
longer than 6h, or died within this period. Excluded from the
study were those presenting with injuries related to drowning,
burns, foreign bodies, poisoning, medical-surgical complications,
or sequelae from prior trauma.

Additional exclusion criteria included patients transferred from
regions outside Valle del Cauca or Cauca, those presenting more
than 24 h after the trauma, and those with a history of
oncological, hematological, metabolic, or osteoarticular diseases
that might affect their treatment or prognosis. Patients
transferred from other hospitals where they had already
undergone surgery were also excluded, as this precluded accurate
classification of their initial injuries and severity. Furthermore,
patients transferred to another hospital before the 30th day of
hospitalization were excluded due to an inability to verify their
vital status at that time.

2.3 Data sources and measurement

Patient data were sourced from electronic medical records,
ensuring comprehensive access to all clinical and administrative
information. The chart review process involved a combination of
systematic data extraction for structured fields and manual
review for unstructured data. Sociodemographic variables, trauma
mechanisms, causes of trauma, and injury severity were collected.
Clinical variables at admission, including heart rate, respiratory
rate, blood pressure, and Glasgow Coma Scale scores, were also
recorded. Radiology and surgery reports were thoroughly
reviewed to ensure accuracy and completeness. The primary
outcome variable was mortality within 30 days of hospitalization
or earlier if the patient died or was discharged home.
Information such as diagnostic codes, radiology findings,

surgery
completeness and accuracy. Quality control measures were

and reports was manually verified to ensure
applied throughout the data collection process. A random 15%
sample of the collected data was subjected to a double-
checking process, where two independent investigators cross-

verified and reconciled discrepancies.
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2.4 Trauma injury severity score (TRISS)

TRISS is a score that combines physiological and anatomical
variables, and is used to estimate the probability of patient
survival after in trauma. For its calculation, two scores (Revised
Score-RTS the
mechanism of injury (blunt or penetrating), and age are

Trauma and Injury Severity Score-ISS),

considered. The formula is:

1
i
Where: Ps = probability of survival, e is a constant (approximately
2.718282, the base of the natural or Napierian logarithm), b=b0 +
(b1xRTS) + (b2xISS) + (b3xage). Here, b0, bl, b2, and b3 are
coefficients that differ according to the mechanism of the lesion,
that is, if it is blunt or penetrating, and is derived from a logistic
regression model based on data from the Major Trauma
Outcome Study (MTOS) in North America (22, 23). The age
variable is dichotomized with its coefficient being zero for those
under 55 years of age, making it null in the equation for the
pediatric population. For this reason, coefficients for RTS, ISS,
and age were recalculated in our study, considering age as a
continuous variable and accounting for the blunt or penetrating
mechanism in the development of the multivariable logistic
regression model, which has not been evaluated in pediatric
patients in our region. The TRISS result (Ps) ranges from 0 to 1
23) calculated with the
included patients.

and was new coefficients for

2.5 Revised trauma score (RTS),
abbreviated injury scale (AIS) and injury
severity score {ISS)

RTS accounts for three physiological variables in its formula:
Glasgow Coma Scale, blood pressure, and respiratory rate, and its
value ranges between 0 and 7.84 (27). The AIS serves as the
basis for calculating the ISS, classifying injuries across six body
regions (28). Various versions of this score have been developed;
we used the 2015 version (29). The ISS is determined by
summing the squares of the AIS scores for the three most
severely injured regions, yielding a score between 1 and 75. An
ISS of 16 or higher indicates a serious injury (30-32).

2.6 Statistical methods

Categorical variables were presented as frequencies and
proportions, and comparisons between survivors and non-
survivors were conducted using the chi-square test with Yates®
correction for continuity. Continuous variables were presented as
median and interquartile range (IQR), and comparisons between
survivors and non-survivors were performed using Wilcoxon-
Mann-Whitney Test. For the development of the new model, the
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coefficients of the RTS, ISS and Age variables were calculated using
a logistic regression model, considering age as a continuous
quantitative variable and the discharge status (alive/dead) as the
outcome variable. The TRISS was calculated using the new
coefficients (Peds-TRISS). Its performance in predicting survival
was evaluated through discrimination and  calibration.
Discrimination assesses how well the model distinguishes
between individuals who do and do not develop the outcome of
interest. It was measured using the area under the receiver
operating characteristic curve (AUROC), where a value of 1
indicates perfect discrimination and 0.5 indicates no better than
chance. The AUROC of Peds-TRISS and original TRISS was
compared using the DeLong test and the p <0.05 was regarded
as significantly different. Calibration, which assesses the degree of
agreement between predicted and observed probabilities, was
measured using the Hosmer-Lemeshow goodness-of-fit test,
where a p-value greater than 0.05 indicates good calibration (33).
We compared the Peds-TRISS and original TRISS, using the
Akaike (AIC) and the
Information Criterion (BIC), where lower values indicate a better
model (34, 35).

The internal validation was carried out following the

Information  Criterion Bayesian

Transparent Reporting of a multivariable prediction model for
Individual Prognosis or Diagnosis (TRIPOD) recommendations
(36). Bootstrapping resampling with 500 resamples was used, a
powerful and efficient technique that provides more stable and
less biased estimates of the model's performance and is widely
(36-40). 'The
performance measures from the validation were discrimination
with the C-statistic and calibration measured with calibration-in-
the-large (CITL, ideal value of 0), calibration slope (ideal value of
1) and observed: expected ratio (E:O ratio, ideal value of 1) (33, 39).

recognized in predictive model research

2.7 Benchmarking survival assessment

Among the outcome evaluation and quality assurance tools are
the DEF (DEFinitive statistical
methods. These include the Z and W statistics, internationally
used to compare trauma survival or mortality rates between two
institutions (23, 41-43). The Z statistic, initially described by

Flora in 1978 (44), compares observed survival in a group of

outcome-based evaluation)

patients with predicted survival according to the reference group
(MTOS) and quantifies the difference (23). The formula is:

S— 3 Pi

V(22 PiQi)

Where: S=observed survivors, TPi=is the sum of expected
survival probabilities, Qi = probability of death (1-Pi), ZPiQi=
sum of the product of survival and death probabilities (23). A Z
value between —1.96 and +1.96 is not statistically significant,
meaning there is no evidence that the evaluated group has a
survival rate significantly different from the reference with a
significance level of 0.05 (23, 45). For the statistical process to be
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valid, Pi and Qi must be at least 5 (45). Since the Z value can be
affected by differences in the severity of injuries between
comparison groups, the M statistic measures comparability
between groups. To calculate it, the survival probability is
divided into 6 ranges, and the fraction of patients in each range
is compared between both groups, quantifying their differences.
Its formula is: M=S1+82+83+S4+85+86, where S is the
minimum value between both groups in each range. A value of
M between 0.88 and 1 indicates that both groups are similar (23).

The sample size was calculated using a proportional
comparison formula. A priori, the estimated sample size was 927
children, calculated to detect a 2% difference between observed
and expected mortality.

The statistical analysis was performed using Stata version 17
(StataCorp, College Station, Texas 77845, USA).

2.8 Ethical considerations

This study was conducted in accordance with the Declaration
of Helsinki and was approved by the Biomedical Research Ethics
Committee of the hospital under registration number 295-2018.
Given the retrospective observational nature of the study, which
involved the anonymous collection of systematically gathered
data, informed consent was not required, as per the decision of
the ethics committee and Colombian legislation.

3 Results

A total of 1,013 children were enrolled in the study, with a
complete data analysis performed after excluding 34 patients due
to missing Glasgow Coma Scale information (Figure 1). The
overall percentage of missing data was low (3.2%), and no
imputation was conducted. Sociodemographic and clinical
characteristics are summarized in Table 1 and were published in
another article with a slightly larger sample that did not require
the exclusion of the mentioned patients (46). The median age of
participants was 12 years (IQR, 5-15 years), 73% being male.
Age distribution was as follows: 21.2% were aged 0-4 years,
21.8% were aged 5-9 years, 23.9% were aged 10-14 years, and
33.1% were aged 15-17 years. Most patients (66.2%) sustained
blunt trauma, while 33.8% experienced penetrating trauma. The
subsidized health insurance system provided coverage for 32.9%
of the patients, whereas 67.1% were insured under the
contributory system, which includes private insurance. The
leading causes of injury were traffic accidents (31.1%), falls
(28.8%), (28.7%) (Figure 2),
responsible for 97% of the violence-related deaths. Thirty-two

and assaults with  firearms
percent of patients presented with severe trauma (ISS >16).

A bivariate analysis of characteristics by survival status at
discharge is presented in Table 1. The median age of deceased
patients was 15 years (IQR, 13-17 years), compared to 11 years
(IQR, 5-15 years) in survivors (p <0.001). Most deaths (83%)
with males

representing 90% of this group. Among the deceased, 60.3% were

occurred among patients aged 10-17 years,
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Assessed for eligibility between January 2011 and May 2019 (n=1430)
o Pediatric trauma patients (aged <18) with ICD-10 codes S00-T149 treated at the hospital

Excluded (n=417)
222 evaluated >24 hours after the trauma
29 transferred to another hospital before
the 30th day of hospitalization
14 underwent surgery at another hospital
27 with comorbidities*
76 incorrect diagnostic codes
34 incomplete data
15 other causest

A 4

Included

(n=1013)

Included in the study and according to

study criteria (n=1013)

A4

Analyzed (n=1013)

FIGURE 1

Flow chart showing the inclusion and
*Comorbidities: oncological, hematological, metabolic or osteocarticular
transfer from provinces other than Valle del Cauca or Cauca

exclusion criteria for study population. ICD-10, International classification of diseases, 10th edition

comorbidities. 'Other causes: unknown time since trauma, escape,

covered by subsidized health insurance. Violence was the leading
cause of death, followed by traffic accidents (61.3% and 33.8%,
respectively). The median ISS in deceased patients was 31
(IQR, 25-37), compared to a median ISS of 9 (IQR, 4-16)
in survivors. The most frequent fatal injury was traumatic
brain injury (91.3%). The overall mortality rate was 5.7%,
with deaths occurring at a median of 15h post-injury (IQR,
3.8-49h), deaths occurred beyond 20 days
of hospitalization.

The coefficients of the Peds-TRISS are presented in Table 2. In
terms of performance, a comparison between the Peds-TRISS and
the original TRISS was conducted. Both demonstrated strong
discrimination (Table 3). The area under the receiver-operating
characteristic curve (AUROC) was 0.971 (95% CI, 0.945-0.996)

and no
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for the original TRISS and 0.984 (95% CI, 0.961-0.993) for the
Peds-TRISS. The DeLong test revealed no statistically significant
difference in AUROCs (p>0.05) (Figure 3). However, calibration
was satisfactory only in the Peds-TRISS model, as indicated by
the Hosmer-Lemeshow statistic (HL=9.7, p=0.3 for the Peds-
TRISS and HL=16.6, p=0.03 for the original TRISS).
Additionally, the Akaike Information Criterion (AIC) and
Bayesian Information Criterion (BIC) were lower for the Peds-
TRISS (AIC=187, BIC=197) compared to the original TRISS
(AIC=1228, BIC=238), supporting its selection based on model
fit. An additional analysis of Peds-TRISS performance by age
subgroup was conducted, demonstrating robust performance of
the score across all age groups, as measured by discrimination
and calibration (Table 4).
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TABLE 1 Sociodemographic and clinical characteristics.

10.3389/fped.2024.1481467

Overall (n =1,013) Alive (n = 955) Dead (n = 58) p value
Median age, years (IQR) 12 (5-15) 11 {5-15) 15 (13-17) <0.001
Age groups <0.001
0-4 years 215 (21.2%) 209 (21.9%) 6 (10.3%)
5-9 years 221 (21.8%) 217 (22.7%) 4 (6.9%)
10-14 years 242 (23.9%) 230 (24.1%) 12 (20.7%)
15-17 years 335 (33.1%) 299 (31.3%) 36 (62.1%)
Sex, n (%) 0.062
Male 740 (73%) | 691 (72.4%) 49 (84.5%)
Female 273 (27%) | 264 (27.6%) 9 {15.5%)
Payor status, n (%) <0.001
Private insurance 680 (67.1%) | 657 {68.8%) 23 (39.7%)
Subsidized 333 (32.9%) | 298 (31.2%) 35 (60.3%)
Origin, n (%) 0.159
Valle 752 (74%) 714 (74.8%) 38 (65.5%)
Cauca 261 (26%) 241 (25.2%) 20 (34.5%)
Transferred from another hospital® 693 (69.2%) 644 (68.2%) 49 (86%) 0.005
Mechanism of injury <0.001
Blunt 671 (66.2%) 647 (67.7%) 24 (41.4%)
Penetrating 342 (33.8%) 308 (32.3%) 34 (58.6%)
Age-adjusted hypotension 72 (7%) 57 (6%) 15 (26%) <0.001
Glasgow Coma Scale (IQR) 15 (13-15) 15 (14-15) 3 (3-6) <0.001
ISS, median (IQR) 9 (5-17) 9 (4-16) 31 (25-37) <0.001
RTS, median (IQR) 7.84 (7.11-7.84) 7.8 (7.5-7.8) 4 (4-5) <0.001
TRISS, median {IQR) 0.99 (0.98-0.99) 0.99 (0.99-0.99) 0.51 (0.2-0.66) <0.001
Peds-TRISS, median {IQR) 0.99 (0.99-0.99) 0.99 (0.99-0.99) 033 {0.13-0.48) <0.001
ICU <0.001
Yes 450 {48.4%) | 443 (46.4%) 47 (81%)
No 523 (51.6%) | 512 (53.6%) 11 (19%)
Transfusion <0.001
Yes 251 (24.8%) | 221 (23.1%) 30 (51.7%)
No 762 (75.2%) | 734 (76.9%) 28 (48.3%)
Surgery 0.062
Yes 632 (62.4%) 603 (63.1%) 29 (50%)
No 381 (37.6%) 352 (36.9%) 29 (50%)
Hospital stay, hours median (IQR) 3.5 (1.7-6.9) 86.4 (43.2-168) 21.6 (4.8-50.4) <0.001

Data are n (%) or median (IQR). IQR, interquartile range; 1SS, injury severity score; RTS, revised trauma score; TRISS, trauma injury severity score; ICU, intensive care unit.

“Data available for 1,002 patients.

The internal validation of the Peds-TRISS demonstrated strong
performance across multiple metrics, including discrimination,
calibration, and model fit, as shown in Figure 4.

For the benchmarking assessment, the M statistic was 0.93, and
the Z statistic was 0, indicating no statistically significant difference
in survival rates between our patient cohort and the expected
outcomes as defined by the comparison standard.

4 Discussion

This study assessed the performance of Peds-TRISS, an age-
adjusted TRISS-based survival prediction model in a pediatric
population in Colombia, using trauma center data from patients
under 18 years old collected between 2011 and 2019. A
significant proportion of deaths within this cohort were due to
violent trauma mechanisms, and the Peds-TRISS performance
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was compared with that of the original TRISS. Our findings
differ from the global literature, which predominantly reports
trauma-related deaths due to unintentional injuries (4, 8), but
align with studies conducted in Latin America (47, 48). For
example, research from Brazil highlights that intentional trauma,
particularly homicides, plays a significant role in adolescent
mortality (49). Similarly, data from Mexico identify assaults as a
major cause of trauma among adolescents, emphasizing the
influence of violence on mortality patterns (50). Consistent with
these findings, the SALURBAL study reports that homicides
among adolescents and young adults represent a serious public
health problem in Latin America, reinforcing the region’s
designation as one of the most violent in the world (44).

In Colombia, injuries constitute the first three causes of death
from age 10, with homicide leading the list (5). This reflects a
public health problem of significant magnitude, requiring
substantial investment of human, financial, technical, and
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0-4 years

Proportion
20 40 60 0 20 40 60

0

FIGURE 2
Cause of trauma by age group.

5-9 years

n=97

15-17 years

n=190

TABLE 2 Coefficients of the Peds-TRISS model derived from the study database.

Blunt trauma

Penetrating trauma

Coefficient Standard error Coefficient Standard error
b0 2406 1.100 4.203 1833
b1 (RTS) 0.744 0.161 0.811 0134
b2 (ISS) -0.137 0.030 -0.121 0.039
b3 (Age) 0.073 0.058 —0.190 0.096

TRISS, trauma injury severity score; RTS, revised trauma score; ISS, injury severity score.

TABLE 3 Comparative performance of TRISS models.

AUROC (95% CI)

TRISS
Peds-TRISS |

0.971 {0.945-0.996)
0.984 (0.961-0.993)

166 (p=003) | 228 | 238
| e7(p=03 | 187 | 197 |

N, 1,013; TRISS, trauma injury severity score; AUROC, area under the receiver-operating
characteristic curve; CI, confidence interval; HL, Hosmer-Lemeshow; AIC, Akaike
information criterion; BIC, Bayesian information criterion.

technological resources across the continuum of care—from
pre-hospital services to long-term rehabilitation. Additionally, the
emotional, social, and economic implications are profound,
particularly due to the loss of productive years through
premature death or disability (51-53). This shared regional
burden underscores the need for effective interventions and
predictive tools that are tailored to the specific epidemiological
patterns observed in low- and middle-income countries (LMICs).

The implementation of survival prediction tools in pediatric
trauma is strongly recommended by international authorities, such
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as the American College of Surgeons Committee on Trauma (ACS
COT) in Advanced Trauma Life Support and the National
Institute for Health and Care Excellence (NICE) in the United
Kingdom (54, 55). These organizations recognize the utility of
applying these scores for effective trauma system functioning. One
of the most commonly used survival prediction tools in trauma
research is TRISS, which has critical implications for patient
management and trauma center quality assessment (12-16, 20)
but has been less evaluated and documented in pediatric patients.
TRISS incorporates anatomical and physiological variables, with
the latter playing a vital role in children’s adaptive response to
trauma (30, 56-58). However, the parameters used (respiratory
rate, systolic blood pressure) are based on findings from adult
populations, limiting their reliability in pediatric settings, as these
values vary significantly with age.

Our evaluation of the original TRISS model in our pediatric
cohort of patients revealed limitations in its performance.
Previous studies have identified similar constraints, noting
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Reference

FIGURE 3

score; Cl, confidence interval

Comparative AUROC of Peds-TRISS and original TRISS. AUROC, area under the receiver-operating characteristic curve; TRISS, trauma injury severity

TABLE 4 Peds-TRISS performance by age group.

| n

OC (95% CI) HL (p}

Peds-TRISS (all ages) 1,013 09841 (0.9758-0.9924) |  9.69 (0.3)
<5 years 215 0.9928 (0.9827-1) 1.02 (0.9981)
5-9 years 221 0.9862 (0.9670-1) 1.45 (0.9935)
10-14 years 242 0.9891 (0.9776-1) 2.01 {0.9808)
15-17 years 335 0.9690 (0.9484-0.9894) 8.33 (0.4023)

Peds-TRISS, age-adjusted trauma injury severity score; AUROC, area under the receiver-
operating characteristic curve; HL, Hosmer-Lemeshow.

increased predictive power with modifications to variables like age,
such as expanding age group categorizations, recalculating
coefficients, or treating age as a continuous quantitative variable
rather than a binary category (20, 24-26). Despite these
limitations, these studies acknowledge TRISS’s utility as a tool for
evaluating trauma care quality improvement systems, making it
injury
Additionally, a systematic review of trauma mortality prediction

the most widely used scale in survival ~studies.
models underscores the importance of including demographic
predictors, ideally quantitative, to enhance research quality and
model performance (11).

Consistent with previous studies, we aimed to enhance the

TRISS model by incorporating age as a continuous variable and
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recalculating all model coefficients. Our analysis revealed that the
ROC curve for the Peds-TRISS model was nearly identical to
that of the original TRISS, indicating that the age adjustment
contributes minimally and without statistical significance to its
discriminatory power. However, the adjusted model showed
superior performance in terms of calibration, suggesting that the
age-adjusted version aligns predicted and observed outcomes
more accurately across all risk levels. This underscores the
potential of tailored modifications to refine predictive models for
specific populations. Furthermore, earlier studies have reported
improvements in model performance following adjustments to
variables such as age (20, 24, 25), highlighting the value of these
modifications in enhancing predictive tools for specific clinical
and epidemiological contexts.

The development and refinement of models like Peds-TRISS
emphasize the importance of leveraging innovative tools to
enhance trauma care, particularly in regions facing significant
public health challenges. Recent advancements in artificial
intelligence (AI) provide a promising avenue for further
improving trauma prediction models, enabling real-time,
personalized outcome predictions. By integrating large-scale
data—such as imaging, vital signs, and patient history—
Al-driven systems could optimize triage, refine risk stratification,
and support clinical decision-making. However, for Al to achieve
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its full potential in pediatric trauma, it is crucial to adapt these
technologies to the unique physiological characteristics of
children and ensure access to high-quality data. Future research
integrating Al into models like Peds-TRISS could facilitate more
precise and actionable insights for trauma care in diverse clinical
settings (59).

In addition to refining predictive models, comparative
evaluation of patient outcomes provides a valuable measure of
trauma center care quality (17-19). Comparative statistics enable
the assessment of observed survival rates for injured patients at a
trauma center against expected survival rates from national or
international reference centers. The literature reports varied results
(41-43); however, our findings showed no statistically significant
differences between our patients and the MTOS group (Z2=0),
with statistically valid
(M=093). Integrating advancements such as AI into these
frameworks could further enhance their utility, enabling real-time,

personalized predictions while facilitating inter-hospital comparability.

comparability between both groups

‘We believe that both tools, survival prediction and outcome
comparison, are valuable in clinical practice. The Trauma Audit
and Research Network (TARN), the largest trauma registry in
Europe, employs survival probability for prediction and
comparative outcome analysis through DEF statistics (M, Z)
These
invaluable for objectively addressing unfavorable outcomes,

for inter-hospital comparability (60). tools are
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facilitating  the
unexpected results, and improving the quality of trauma center

identification of contributing factors to

care. Internal validation of Peds-TRISS confirmed strong
performance across all metrics (Figure 3).

Given the nature of our patients’ injuries and Peds-TRISS’s
performance metrics, it could serve as a local reference or be
applied in similar contexts, underscoring the value of developing
new models based on regional data (61, 62). Moreover, its
applicability extends beyond Colombia, offering potential value
for regions with similar epidemiological challenges, including
countries across Latin America where violence-related injuries
remain a substantial burden.

The critical burden of violence-related injuries in our region,
disproportionately affecting children and adolescents, underscores
the urgent need for tailored solutions in trauma care. Models like
Peds-TRISS offer a starting point for addressing these challenges,
providing a foundation for both clinical decision-making and
broader public health strategies. Healthcare professionals and
researchers must actively engage in developing and disseminating
evidence-based tools that identify gaps, inform interventions, and
ultimately reduce the societal impact of pediatric trauma.
Collaborative efforts, supported by advancements in predictive
technologies and an understanding of regional epidemiological
patterns, are essential to creating sustainable solutions for
improving outcomes in vulnerable populations.
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4.1 Limitations, strengths and future
directions

This study has limitations inherent to its retrospective, single-
center design, which may restrict the generalizability and
transportability of the results. External validation in other
pediatric cohorts is therefore essential to assess its broader
applicability. Furthermore, the high proportion of deaths due to
violence among adolescents may limit the model’s applicability
in regions with different injury epidemiology. However, it is a
current and real issue in Latin America, making the model
potentially useful for similar geographical and epidemiological
settings. Future multicenter and prospective studies would
further support the validity and applicability of Peds-TRISS.

The strengths of our study include a large pediatric cohort, the
first in Latin America to adapt and apply the TRISS model in
children, providing valuable information on pediatric trauma care
in Latin America, where trauma registries are limited, and local
data are scarce.

5 Conclusions

In conclusion, this study revealed a high rate of violence-related
deaths among adolescents, highlighting a critical public health
challenge. While the discriminatory power of the Peds-TRISS
model was nearly identical to that of the original TRISS, its
superior calibration underscores its potential to more accurately
align predicted and observed outcomes across varying levels of
risk. Given the characteristics of our cohort and the results
obtained, the model appears promising for similar contexts in
Latin America. Further validation through prospective, multicenter
studies is recommended to strengthen the evidence supporting its
use and to inform the development of tailored and effective
pediatric trauma care interventions
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Resumen:

Background: The mortality rate from injuries globally has declined but
remains high in the Americas. Despite the proven efficacy of severity
scores in improving injury outcomes, their use in Latin American children
has been limited. We aimed to assess the predictive performance of the
International Classification of Diseases-based Injury Severity Score

(ICISS) in children's survival and compare it with a novel predictive model.

Methods: A retrospective cohort study was conducted at a trauma center
in Cali, Colombia, including children (<18 years) with trauma-related
diagnoses from 2011 to 2019, utilizing electronic health records from the
Colombian national health system. A logistic regression model was
developed to predict 30-day survival. Its performance was assessed by

discrimination with the area under the receiver operating characteristic
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curve (AUROC) and calibration and was statistically compared with a new
model incorporating the Glasgow Coma Scale (GCS). The new model was

internally validated by bootstrap resampling.

Results: The study included 1,047 children. The new model demonstrated
superior discrimination (AUROC: 0.98, 95% CI: 0.97-0.99) compared to
the 1ICISS-only model (AUROC: 0.94, 95% CI: 0.92-0.97), with a
statistically significant difference (p = 0.01). Additionally, it exhibited better
calibration (Hosmer-Lemeshow test: 6.7, p = 0.6 vs. 24.7, p < 0.01),
indicating improved predictive accuracy. Following internal validation, the

new model maintained excellent performance across all measures.

Conclusions: Combining ICISS with the GCS significantly improved the

accuracy of survival prediction in children.
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ABSTRACT

Background: The mortality rate from injuries globally has declined but remains high in the Americas. Despite the proven
efficacy of severity scores in improving injury outcomes, their use in Latin American children has been limited. We aimed to
assess the predictive performance of the International Classification of Disease-based Injury Severity Score (ICISS) in children's
survival and compare it with a novel predictive model.

Methods: A retrospective cohort study was conducted at a trauma center in Cali, Colombia, including children (< 18 years)
with trauma-related diagnoses from 2011 to 2019, utilizing electronic health records from the Colombian national health
system. A logistic regression model was developed to predict 30-day survival. Its performance was assessed by discrimination
with the area under the receiver operating characteristic curve (AUROC) and calibration and was statistically compared with a
new model incorporating the Glasgow Coma Score (GCS). The new model was internally validated by bootstrap resampling.
Results: The study included 1047 children. The new model demonstrated superior discrimination (AUROC: 0.98, 95% CI:
0.97-0.99) compared to the ICISS-only model (AUROC: 0.94, 95% CI: 0.92-0.97), with a statistically significant difference
(p = 0.01). Additionally, it exhibited better calibration (Hosmer-Lemeshow test: 6.7, p = 0.6 vs. 24.7, p < 0.01), indicating
improved predictive accuracy. Following internal validation, the new model maintained excellent performance across all
measures.

Conclusions: Combining ICISS with the GCS significantly improved the accuracy of survival prediction in children.

1 | Introduction However, their proportions remain significant, representing

8% of all deaths and 8% of all years lived with disability

The substantial burden of morbidity and mortality resulting worldwide [1, 2]. Despite advancements in this regard,

from injuries on the healthcare and financial systems of each
country has undergone favorable changes in recent decades.

improvement is uneven across different regions of the world.
In the Americas, deaths due to homicide predominate, and
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rates have not improved in the last 20-30 years [1, 3]. In the
region, Colombia consistently reports homicide rates sur-
passing those of the Americas. In Cali, Colombia, the data are
alarming with a homicide rate more than 10 times the global
average (66.8 and 6.2 per 100,000, respectively) [1, 4], ranking
it among the highest in the world [5]. This reflects a pro-
found multifactorial problem that calls for a reflective analysis
of our role as healthcare professionals, researchers, and
members of a violent society, requiring prioritized in-
terventions [6]. Being aware that preventing such deaths
would be the ideal scenario [7], our efforts as healthcare
workers and researchers must also be directed toward
improving the outcome of injured patients. In this regard, the
use of scores that predict survival has been shown to posi-
tively impact patient outcomes [8-10], recommending their
use as part of trauma care quality improvement programs [11,
12]. The International Classification of Diseases, 10th Revi-
sion (ICD-10)-based Injury Severity Score (ICISS) [13] predicts
survival based on the international diagnostic coding of dis-
eases, which is included in many administrative databases,
facilitating its calculation, and resulting in considerable
resource savings. Furthermore, it has shown reliable results
with its application [14-16], making it a tool worth consid-
ering. To date, the performance of ICISS has not been eval-
uated in Latin American children.

Given Colombia's mandatory electronic recording system for all
patients, including their ICD-10 diagnoses [17], we aimed to
assess the performance of ICISS in injured children treated at
our hospital. Additionally, considering the prevalence of trau-
matic brain injury as a leading cause of death in children [18]
and the significance of physiological response to trauma in this
age group [19], following recommendations from predictive
mortality models in trauma studies advocating for the incor-
poration of physiological variables into predictive models [20],
we aimed to compare the performance of ICISS with a new
predictive model that combines ICISS and the variable Glasgow
Coma Scale (GCS).

2 | Methods

2.1 | Study Design and Participants

This study provides a retrospective analysis utilizing robust
statistical models at a leading trauma center in Colombia. It
included patients under 18 years of age who received emergency
care for injuries resulting from external causes. Children with
chronic conditions that could influence clinical management or
affect outcomes were excluded from the analysis. Additionally,
cases involving drowning, thermal injuries, or toxic exposures
were excluded.

This study represents a secondary analysis of a previously
published dataset [21]. We acknowledge that while the dataset
has been previously analyzed and reported, this study in-
troduces a novel approach by incorporating the GCS into the
predictive model.

2.2 | Study Setting

This study involved a cohort of pediatric patients who received
emergency care at the Fundacién Valle del Lili University
Hospital in Cali, Colombia, from January 2011 to May 2019. The
hospital provides care for severe trauma and other high-
complexity pathologies. Colombia is in the north-west of
South America, and Cali, with 2.5 million inhabitants, is one of
its major cities [22, 23]. Fundacién Valle del Lili University
Hospital has 721 beds, 229 as intensive care unit (ICU) beds, 40
in a pediatric ICU, and 10 in a trauma ICU. It has around 8000
trauma consultations each year, 700 of them requiring the
highest level of trauma team activation.

The study was conducted in accordance with the principles of
the Declaration of Helsinki and obtained ethical approval
from the hospital's Biomedical Research Ethics Committee
(Registration No. 295-2018). Due to the retrospective and
observational nature of the study, which utilized anonymized,
systematically collected data, the ethics committee, following

Colombian regulations, waived the need for informed
consent.
2.3 | Data Sources and Measurement

Patient selection was conducted using the Individual Health
Services Performance Registry (Registro Individual de Pre-
stacién de Servicios de Salud, RIPS) [17], which contains the
study's inclusion criteria. Medical records were subsequently
reviewed to verify diagnostic coding. Sociodemographic vari-
ables were obtained from RIPS, whereas clinical variables,
injury characteristics, and severity measures were extracted
from medical records.

The main outcome measured was mortality occurring within
30 days of admission. The ICISS variable was calculated as
described below, and a logistic regression model was con-
structed to predict the outcome (alive/dead at discharge). The
first model included ICISS as the independent variable, whereas
the second model incorporated both ICISS and GCS. The two
models were then statistically compared.

2.4 | International Classification of Diseases, 10th
Revision (ICD-10)-Based Injury Severity Score
(ICISS)

A score that evaluates the anatomical component of injuries.
First, the diagnosis-specific survival probability (DSPs) of each
injury coded in the ICD-10 is calculated, and then the ICISS is
estimated, which is the survival probability for each patient
based on the product of their DSPs (previously termed survival
risk ratio) [13, 24]. Its formula is

Number of survivors with an ICD-10 diagnosis
Number of patients with an ICD-10 diagnosis
ICISS = DSPSmj1 X DSPSmJ‘Q X ---DSPSmi lasts

DSPs =
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where DSPsjpj1, DSPsinj, and DSPsiy; 1 tepresent the proba-
bility of survival of Injury 1, Injury 2, and the last injury,
respectively. The result ranges from 0 to 1 and was calculated
for all patients included in the study.

2.5 | Personal Health Records System (Registro
Individual de Prestacion de Servicios, RIPS)

This is a systematic record of information from Colombia's
General System of Social Security in Health (Sistema General de
Seguridad Social en Salud, SGSSS), covering all health services
provided to all patients. It collects sociodemographic informa-
tion, ICD-10 diagnoses, required procedures and care, destina-
tion and vital status at discharge, and cause of death if
applicable, as it is mandatory for each patient [17].

2.6 | Statistical Analysis

Categorical variables were expressed as frequencies and per-
centages and compared between the living and deceased groups
using the chi-squared test. Continuous variables were presented
as median and interquartile range (IQR) and compared using
the Wilcoxon-Mann-Whitney test.

A logistic regression model was constructed, with ICISS serving
as the independent variable and survival status at the time of
discharge as the dependent variable. Model performance was
analyzed by evaluating discrimination through the area under
the receiver operating characteristic (AUROC) curve and
assessing calibration using the Hosmer-Lemeshow goodness-of-
fit test [25]. A second logistic regression model was created,
incorporating both ICISS and GCS as continuous predictor
variables. To ensure robustness, internal validation was per-
formed using the bootstrap method, which provides stable, less
biased estimates and is recognized as a robust internal valida-
tion technique in predictive modeling research [26-30].

The performance of the two models (ICISS-only vs.
ICISS + GCS) was evaluated through the Akaike information
criterion (AIC) [31] and the Bayesian information criterion
(BIC) [32]. A graphical comparison of model discrimination was
conducted, and statistical significance was assessed.

This study follows the Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) guidelines. Statis-
tical analyses were performed using Stata version 17 (StataCorp,
College Station, Texas, USA).

3 | Results

The eligible cohort comprised 1047 children (median age:
12 years; IQR: 5-15), with a predominance of males (73.7%).
Severe trauma (ISS > 16) was identified in 31% of patients, and
the median ICISS was 0.82. The overall mortality rate was 5.9%
(n = 62), with traumatic brain injury (TBI) emerging as the
primary cause of death (85.5%). Notably, injuries involving
firearms accounted for 58% of all fatalities. Deceased patients

exhibited significantly lower GCS scores (median: 3) and ICISS
values (median: 0.2) compared to survivors, whose corre-
sponding values were 15 and 0.8, respectively.

To assess predictive performance, we evaluated a model incor-
porating both GCS and ICISS, demonstrating superior discrim-
ination compared to an ICISS-only model (AUROC: 0.98, 95%
CI: 0.97-0.99 vs. AUROC: 0.94, 95% CI: 0.92-0.97). The differ-
ence between the two models was statistically significant
(p = 0.01) (Figure 1). In terms of calibration, the ICISS-only
model showed suboptimal performance, whereas the new
model achieved good calibration (Hosmer-Lemeshow test: 24.7,
p < 0.01 vs. 6.7, p = 0.6) (Table 1). Additionally, model fit in-
dicators favored the combined GCS-ICISS model, as reflected by
lower Akaike information criterion (AIC) and Bayesian infor-
mation criterion (BIC) values compared to the ICISS-only model
(Table 1). These results support the adoption of the combined
model for prognostic assessment.

Internal validation confirmed the robustness of the new pre-
dictive model across all performance metrics, demonstrating
excellent discrimination and calibration (Figure 2).

4 | Discussion

This study presents the findings from a cohort of pediatric pa-
tients treated for injuries at a high-complexity trauma center in
Colombia. The primary victims were males aged 10-17, pre-
dominantly from lower socioeconomic backgrounds. The high
incidence of violent injuries, particularly firearm-related
trauma, highlights an urgent public health challenge in this
population. Unlike previous studies where unintentional in-
juries predominated [33, 34], our findings align with World
Health Organization's statistics, which indicate that homicide
rates in the Americas surpass the global average, and with re-
ports from the United Nations Office on Drugs and Crime data,
documenting a rise in homicides among children under 14 [3].
Although socioeconomic disparities increase the risk of
violence, this is a complex issue shaped by educational, cultural,
political, and judicial factors. Addressing this challenge is
essential, as it starkly contrasts with the Sustainable Develop-
ment Goals' vision of a world free from violent deaths by 2030
[3, 35].

Among the strategies proven to improve survival in injured
children are trauma scoring systems, which help prioritize and
optimize patient care while enhancing overall treatment quality.
One such system is the ICISS, which predicts survival based on
diagnoses from the International Classification of Diseases [13,
36], which is particularly advantageous due to its ability to
utilize routinely recorded in administrative databases, mini-
mizing additional resource requirements. Since its development,
ICISS has been validated in diverse contexts with promising
results [14-16]. The International Collaborative Effort on Injury
Statistics (ICE), co-hosted with the World Health Organization
in the biennial World Conference on Injury Prevention and
Safety Promotion [37], supports the use of DSPs as a research
tool to facilitate the collection, analysis, and international
comparability of injury data. Given the ease of application of
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FIGURE1 | Comparative ROC curves of ICISS and Glasgow-adjusted ICISS models. ICISS = ICD10-derived injury severity score, ROC = receiver-
operating characteristic.

TABLE 1 | Survival prediction: Comparative performance of ICISS and Glasgow-adjusted ICISS models.

OR; p value (95% CI) AUROC HL (Prob > %) AIC BIC
ICISS 1.11; p < 0.01 (1.08-1.13) 0.94 24.7 (< 0.01) 246 256
Glasgow-adjusted ICISS 1.6; p < 0.01 (1.38-1.85) 0.98 6.7 (0.6) 181 196

Note: n = 1047.
Abbreviations: AIC = Akaike information criterion, AUROC = area under the receiver-operating characteristic curve, BIC = Bayesian information criterion,
CI = confidence interval, HL = Hosmer-Lemeshow, ICISS = ICD10-derived Injury Severity Score, OR = odds ratio.
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ICISS, we aimed to evaluate its performance in our setting, as it
had not been previously assessed in pediatric populations within
our country.

Our findings demonstrate a good AUROC value for ICISS;
however, it did not exhibit good calibration, indicating a poor fit
between observed and expected survival probabilities. This
finding is common in studies evaluating predictive models [16,
24, 38]. Given the limitations of ICISS as a standalone predictor,
to enhance prognostic accuracy, we incorporated additional
variables. Considering that head trauma represents the primary
cause of mortality related to trauma in the pediatric and
recognizing that children exhibit distinct physiological re-
sponses to traumatic injuries [39], we developed a new predic-
tive model integrating GCS as a continuous quantitative
physiological variable alongside ICISS. GCS is a widely used
predictor [24], and previous research suggests that incorporating
physiological variables in a continuous manner enhances model
performance [24, 25, 40, 41].

The comparison of AUROC values demonstrated that the new
model significantly outperformed ICISS alone (p = 0.01).
Additionally, the new model exhibited superior calibration, and
its internal validation confirmed excellent discrimination and
calibration metrics. Following the principle of model parsi-
mony, which favors simplicity while maintaining predictive
power [29], we believe that integrating ICISS and GCS is a
promising approach in our context.

This study builds upon a previously reported dataset [21] but
employs a novel analytical approach by integrating ICISS and
GCS to improve survival prediction. Unlike the previous anal-
ysis, which evaluated a pediatric trauma score, this study de-
velops a new combined predictive model that incorporates
variables systematically recorded in administrative databases,
leading to significant savings in human and technological re-
sources. Additionally, the model underwent internal validation
and provides a comparative evaluation against the unadjusted
score. These distinctions highlight the contribution of this
research to the advancement of prognostic tools for pediatric
trauma care.

4.1 | Strengths and Limitations

One of the strengths of this study is the substantial sample size,
which enhances statistical power, a well-defined cohort, robust
statistical analysis, and internal validation via bootstrapping.
Additionally, we evaluated an easily applicable score within our
national context, leveraging systematically recorded data in
administrative databases and clinical records, such as ICD-10
diagnoses and GCS. The parsimonious construction of our
predictive model based on these two variables further reinforces
its utility.

However, limitations must be considered. The retrospective
design may introduce selection bias. Additionally, as the study
was conducted at a single center, its generalizability may be
limited. Although coding errors in diagnostic classifications
represent a potential limitation, previous research suggests that

although such errors are common, they generally do not
significantly impact severity estimation or mortality prediction
[42]. Another limitation is the absence of prehospital mortality
data. Given that most trauma-related deaths occur in the pre-
hospital setting [43, 44], incorporating this data could further
refine ICISS performance [41]. Moreover, we observed a sig-
nificant proportion of adolescent deaths due to interpersonal
violence, which limits the transportability of our findings.
Nevertheless, we believe reporting this data is essential, as
recognizing gaps is the first step toward developing targeted
intervention strategies. Additionally, although mortality was the
primary outcome measure, future studies should consider long-
term functional outcomes and external validation to assess the
generalizability of these findings.

5 | Conclusions

Integrating neurological assessment into trauma severity scores
enhances prognostic accuracy and may influence triage de-
cisions and resource allocation in emergency care settings.
Given the systematic collection of these variables, this
approach is resource-efficient. Future research should investi-
gate its applicability across diverse pediatric populations to
support the development of evidence-based strategies aimed at
improving injury survival outcomes while reducing long-term
disability.
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5. DISCUSION

5.1 Discusién general de los estudios

Este estudio presenta datos sobre la frecuencia, severidad y
caracteristicas de los traumatismos en una muestra pediatrica de
Colombia. Los accidentes de transito y las agresiones fueron las causas
mas frecuentes de las lesiones. Los resultados sobre los accidentes de
transito concuerdan con los reportados por otros investigadores a nivel
mundial (71-75) y en laregion (76,77). Estas lesiones son potencialmente
prevenibles mediante laimplementacion y optimizacién de medidas de
prevencion adecuadas y exhaustivas, vinculadas a un sistema de vigilancia
solido y robusto. Cabe destacar que, en cuanto a las muertes reportadas en
nuestro estudio, éstas fueron de caracter intencional predominantemente,
causadas por armas de fuego, lo que contrasta con la mayoria de los
estudios publicados que informan que las muertes por trauma son de
caracter no intencional (6,9), pero coincide con varios reportes en América
Latina (1,78). Por ejemplo, una investigacion de Brasil destaca que el trauma
intencional, en particular el homicidio, desempefia un papel significativo en la
mortalidad de adolescentes (79). En consonancia con estos hallazgos, el estudio
SALURBAL informa que los homicidios entre adolescentes y adultos jévenes
representan un grave problema de salud publica en América Latina, lo que
refuerza la clasificacion de la region como una de las mas violentas del mundo

(80,81).
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También observamos que la mayoria de los nifos fallecidos presentaron
trauma craneoencefalico severo y que la muerte se produjo rapidamente
tras ocurrida la lesion, similar a lo encontrado por otros estudios que
analizaron la mortalidad por trauma (82). La proporcion de fallecidos que
no fueron sometidos a cirugia ni fueron trasladados a Cuidado Intensivo
se atribuyd a la extrema severidad al ingreso, con una rapida progresion a
muerte encefalica y muerte. La gran proporcion de pacientes
hospitalizados que fueron transferidos desde hospitales de menor
complejidad, principalmente aquellos que fallecieron, es un hallazgo
destacable de nuestro estudio pues si bien no disponemos de informacion
sobre la atencion recibida en los hospitales de origen, llegaron en
condicion de extrema gravedad dada por estado de coma, hipotension,
que en nifios se considera una situacion terminal (83) o puntuaciones
medianas de PTS e ISS de 0 y 31, respectivamente (33,84). Estos
pacientes criticos deben ser trasladados directamente desde el lugar de
la lesion a un centro de trauma, ya que el riesgo de muerte es alto e
inminente sin una atencidén adecuada y una intervencién oportuna

(32,84,85).

Aunque la mortalidad por lesiones ha disminuido a nivel mundial, las
lesiones siguen siendo una de las principales causas de muerte (9), y se
siguen perdiendo muchas vidas jovenes. En Colombia, las lesiones
constituyen las tres primeras causas de muerte a partir de los 10 afios, con el
homicidio encabezando la lista (86). Si bien las disparidades

socioecondémicas aumentan el riesgo de violencia, se trata de un
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problema complejo, condicionado por factores educativos, culturales,
politicos y judiciales. Abordar este desafio es esencial, ya que contrasta
marcadamente con la vision de los Objetivos de Desarrollo Sostenible de

un mundo libre de muertes violentas para 2030 (14,87).

Estas muertes solo representan la punta del iceberg, ya que son mas los
ninos que sobreviven, pero requieren atencidén hospitalaria o quedan con
algun grado de discapacidad (75,88). Esto refleja un problema de salud publica
de magnitud significativa, con implicaciones emocionales, sociales y economicas
profundas, en particular debido a la pérdida de anos productivos por muerte
prematura o discapacidad (89,90), que, si bien requiere una inversién de recursos,
ofrece beneficios sanitarios y econdmicos mas inmediatos que el control de

enfermedades cronicas (91).

La gran carga regional generada por las lesiones subraya la necesidad de
intervenciones eficaces adaptadas a los patrones epidemiolégicos especificos
observados en los paises y debe abordarse con inversion y esfuerzos
conjuntos a nivel local, internacional e intersectorial (91,92). Entre estas
iniciativas se incluyen las propuestas por la Organizacion Mundial de la
Salud (OMS), en colaboracion con los Centers for Disease Control and
Prevention de los Estados Unidos (CDC), la Organizacién Panamericana
de la Salud (OPS) y el Fondo de las Naciones Unidas para la Infancia
(UNICEF), entre otras organizaciones, como la implementacion de las
estrategias INSPIRE para la prevencion de la violencia contra los nifios

(93).

85



Aunque la prevencidn de lesiones constituye el enfoque ideal en salud
publica (94), en la practica estas siguen ocurriendo a pesar de los
esfuerzos mas rigurosos. En este sentido, los profesionales de la salud
debemos estar preparados para ofrecer una atencion adecuada, basada
en herramientas que optimicen la toma de decisiones clinicas. Entre ellas,
el uso de escalas de clasificacion ha demostrado contribuir positivamente
al pronéstico de los pacientes (23,95,96), por lo que su implementacion
forma parte fundamental de un abordaje integral en escenarios de trauma

(97).

Nosotros evaluamos tres escalas, entre las cuales, la PTS fue la unica
que mostré buenos resultados de desempeio en todas las métricas
evaluadas, sin necesidad de hacer ajustes a sus componentes, por lo que,
siguiendo las recomendaciones del American College of Surgeons
Committee on Trauma (17), y considerando su facil aplicacion,
respaldamos y promovemos su uso en nuestro contexto (Colombia y
Latinoamérica). Las otras dos escalas mostraron resultados menos
favorables en su version original, lo que nos llevoé a desarrollar nuevos
modelos predictivos, haciendo ajustes a sus componentes o al modelo
predictivo, encontrando excelentes resultados dados por una mayor

precision pronostica.

Cada una de las tres escalas tiene sus ventajas, por lo que el criterio de
seleccion probablemente deba basarse en el escenario clinico en que nos
encontremos — ya sea extrahospitalario o intrahospitalario — y en los
recursos disponibles, pues en el caso de la PTS, una de sus grandes

utilidades es que puede ser facilmente aplicada por personal técnico
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en un ambito extrahospitalario y permite trasladar adecuadamente el nifio
lesionado desde la escena del trauma, sin incurrir en un sobreuso de
hospitales de alta complejidad para la atencion de traumas triviales, ni
retrasar la atencién de nifilos graves en centros con recursos insuficientes
para su atencion. Por el contrario, la Peds-TRISS, tiene un mayor grado
de complejidad para su calculo lo que le confiere mayor utilidad en un
ambito intrahospitalario, pero tiene aplicaciones adicionales como hacer
evaluaciones comparativas de resultados interinstitucionales, como parte
de los programas de mejora de calidad de atencion, y es la mas utilizada
por investigadores de supervivencia en trauma. Por ultimo, la ICISS
ajustada por ECG, tiene la gran ventaja de poder ser utilizada a partir de
bases de datos administrativas facilitando su uso sin necesitar recursos
adicionales a los utilizados sistematicamente en la atencién de pacientes

lesionados.

De esa forma y con los resultados encontrados, disminuimos la brecha
existente en el conocimiento procedente de nuestra regidon y nos
alineamos con los Objetivos de Desarrollo Sostenible de un mundo libre
de muertes violentas para 2030 (98), dado que la investigacion permite la
formulacion e implementacion objetivas de estrategias que contribuyen
tanto a la prevencién como a la mejora del prondstico de los pacientes

(99).

87



5.2 Discusidén especifica derivada de cada uno de los articulos

publicados

Performance of the Paediatric Trauma Score on survival prediction of
injured children at a major trauma centre: A retrospective Colombian

cohort, 2011-2019

Este articulo forma parte del compendio de publicaciones. El objetivo fue
evaluar el desempefio del PTS en una poblacion cuyas caracteristicas
difieren de aquellas en las que la escala fue originalmente desarrollada.
Quisimos evaluar esta escala porque fue disefiada especificamente para
su aplicacion en nifios (26), es ampliamente utilizada en el ambito
internacional, y consistentemente recomendada por el ATLS (17),
referente mundial en la atencién del trauma, sin embargo, no utilizada

rutinariamente en la atencion de nifos lesionados en nuestro pais.

Hasta la realizacion de esta tesis, su desempefo no habia sido evaluado
en América Latina. Encontramos un excelente rendimiento de la escala en
nuestro estudio, tanto en discriminacion como en calibracién, lo cual
también ha sido demostrado por investigadores de otros paises (71,100-
105). Otros estudios, como el de Yoon et al. (106), informaron que, si bien
el rendimiento del PTS fue bueno, fue inferior al de otras puntuaciones
como la puntuacion BIG (compuesta por el déficit de base [B], la razén
internacional normalizada INR [l] y la ECG [G]). Sin embargo, estas
puntuaciones requieren pruebas de laboratorio, lo que implica un tiempo

adicional de espera para los resultados o un calculo complejo en algunos
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contextos. Ademas, puede no estar disponible en todos los niveles de

atencion ni en el ambito extrahospitalario.

Pese a las diferencias poblacionales, lesionales, locativas y sanitarias,
existen varias razones para explicar el buen rendimiento de la PTS en
nuestro estudio. En primer lugar, la PTS combina factores anatémicos y
fisioldgicos, incluido el peso, entre sus variables, reconociendo que la
severidad de las lesiones y las respuestas fisiologicas difieren segun la
edad o el tamarfo corporal (22,107). En segundo lugar, la PTS evalua el
sistema nervioso central, lo cual es de gran relevancia en nifios, no solo
por la mayor frecuencia de trauma craneoencefalico en nifios, sino porque
la afectacidon multisistémica, también frecuente en este grupo etario y en
los traumatismos severos, el nivel de consciencia es uno de los principales
signos de hipoperfusion e inestabilidad hemodinamica que se produce
incluso antes de la hipotension. Esto va en consonancia con las
recomendaciones de investigadores que sugieren la combinacién de
variables anatomicas y fisiolégicas y la inclusion de variables
demograficas (como la edad) de forma cuantitativa continua, para mejorar
la calidad y el desempefio de modelos de prediccion de supervivencia en

trauma (18).

Su uso tiene otras ventajas ademas de su buena capacidad predictiva de
supervivencia, y estas son, la facilidad de calculo, tanto en entornos
prehospitalarios como hospitalarios, por parte de personal sanitario, tanto
medico como no meédico; la cuantificacion de la severidad del trauma,

que
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apoya la asignacion y el uso eficiente de recursos para la atencion de
nifnos con lesiones, la difusion de datos y experiencias en los hospitales,
y la generacion de evidencia cientifica que facilita la toma objetiva de
decisiones en salud publica. También tiene utilidad como elemento de
control de calidad, pues permite identificar fallecimientos con lesiones
menos severas, en los que podrian haberse producido errores de manejo.
Sin embargo, este articulo no abordo las caracteristicas del tratamiento

recibido, ya que no formaba parte de los objetivos establecidos.

Por todo lo anterior, y los buenos resultados encontrados, es razonable
incluir sistematicamente el uso del PTS en la atencion de nifios con
lesiones. Con su uso, como profesionales de la salud de nuestro pais,
podriamos contribuir y alinearnos con la Estrategia Mundial para la Salud
de la Mujer, el Nifio y el Adolescente, que busca, entre otros objetivos,
reducir la mortalidad prevenible y mejorar la salud de los nifios y

adolescentes para 2030 (98).

Quality of pediatric trauma care: development of an age-adjusted

TRISS model and survival benchmarking in a major trauma center

En este articulo evaluamos el desempefio del TRISS, desarrollamos un
nuevo modelo predictivo, Peds-TRISS, basado en el TRISS, pero con
ajustes en sus variables para que la edad sea considerada en nifios, y se
comparo el desempefio de ambos modelos. El TRISS es una de las
herramientas de prediccidon de supervivencia mas utilizadas en la

investigacion en trauma, con importantes implicaciones tanto para el
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manejo de los pacientes como para la evaluacion de la calidad de la
atencion en centros de trauma (30,108-112). Sin embargo, ha sido menos

evaluado en poblaciones pediatricas y en contextos latinoamericanos.

El TRISS incorpora variables anatomicas y fisiolégicas lo que le confiere
un potencial valor a su aplicacién en niios, considerando que los
parametros fisiolégicos tienen un papel fundamental en la respuesta
adaptativa del nifio al trauma (17,29,107,113). Sin embargo, los valores
utilizados para calcular los coeficientes (frecuencia respiratoria, presion
arterial sistolica) corresponden a los de adultos, lo que limita su fiabilidad

pues estos valores varian significativamente con la edad.

La evaluacién del TRISS original en nuestra cohorte pediatrica reveld
limitaciones en su rendimiento. Estudios previos han identificado
limitaciones similares, logrando aumentar el poder predictivo de
diferentes formas, recalculando sus coeficientes o modificando variables
como la edad categorizandola por grupos etarios o tratandola como una
variable cuantitativa continua en lugar de una cualitativa binaria (30,114-
116). A pesar de estas limitaciones, estos estudios reconocen la utilidad
de TRISS como herramienta predictiva y para evaluar la calidad de la
atencion traumatoldgica, convirtiéndola en la escala mas utilizada en

estudios de supervivencia a lesiones de causa externa.

Una revision sistematica reciente de modelos predictivos de mortalidad

por trauma resalta la importancia de incluir predictores demograficos
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cuantitativos, para mejorar la calidad de la investigacion y el rendimiento

de los modelos de prediccion (18).

En consonancia con estudios previos, nuestro objetivo fue mejorar el
desempenfo del TRISS tratando la edad como una variable continua y
recalculando todos los coeficientes del modelo, dando lugar a un TRISS
modificado: Peds-TRISS. El analisis comparativo del desempefio de
ambos modelos, TRISS y Peds-TRISS, se realiz6 con varias técnicas
estadisticas: discriminacion, calibracion, AIC y BIC. Aunque la
discriminacion no mostré una diferencia estadisticamente significativa en
el AUROC entre ambos modelos, si se observd un rendimiento superior
de Peds-TRISS en términos de calibracion, indicando una mayor precision
entre resultados previstos y observados en todos los deciles de riesgo. La
aplicacion de AIC y BIC como criterios para la evaluacion y comparacion
estadistica de los 2 modelos predictivos, fue favorable para la seleccion
de Peds- TRISS como mejor modelo. Dado que, como se menciono antes,
estudios anteriores han reportado mejoras en el rendimiento del modelo
tras ajustar variables como la edad (30,114,116), nuestros hallazgos
subrayan el potencial de las modificaciones personalizadas para ajustar
los modelos predictivos en poblaciones y contextos clinicos y
epidemiologicos especificos. El desarrollo y perfeccionamiento de
modelos como Peds-TRISS enfatiza la importancia de aprovechar
herramientas innovadoras para mejorar la atencion traumatoldgica,
especialmente en regiones que enfrentan importantes desafios de salud

publica.

92



Por otra parte, la evaluaciéon comparativa de los resultados entre centros
proporciona una valiosa medida de la calidad de atencion (42-44).

Las estadisticas comparativas permiten evaluar las tasas de
supervivencia observadas de los pacientes lesionados en un centro de
trauma frente a las esperadas en centros de referencia nacionales o
internacionales. La literatura presenta resultados variados en este sentido
(64-66); nosotros destacamos los nuestros, que fueron favorables,
partiendo de una comparabilidad estadisticamente valida entre nuestros
pacientes y los del grupo MTOS, considerando éste como grupo de
referencia. La Trauma Audit and Research Network (TARN), el mayor
registro de trauma de Europa utiliza la probabilidad de supervivencia
como medida de prediccion y el analisis comparativo de resultados
mediante los estadisticos DEF (Z y W) para la comparabilidad

interhospitalaria (117), los cuales utilizamos en nuestro estudio.

Ambas herramientas, la prediccion de supervivencia y la evaluacion
comparativa de resultados, constituyen un elemento invaluable en la
practica clinica que permite un enfoque objetivo de los resultados
desfavorables, profundizando en la identificacion de factores que
contribuyen a un resultado inesperado y, por lo tanto, llevando a mejorar

la calidad de atencion en un centro de trauma.

La validacion interna de Peds-TRISS confirmd un excelente rendimiento
en todas las métricas evaluadas. Dada la naturaleza de las lesiones de
nuestros pacientes y los resultados de desempefio de Peds-TRISS, este

modelo podria servir como referencia local o aplicarse en contextos
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similares, lo que apoya el valor de desarrollar nuevos modelos basados
en datos regionales (118,119). Ademas, su aplicabilidad se extiende mas
alla de Colombia, ofreciendo un valor potencial para regiones con
desafios epidemioldgicos similares, incluyendo paises de América Latina
donde las lesiones relacionadas con la violencia siguen representando

una carga considerable.

La critica carga de lesiones relacionadas con la violencia en nuestra
region, que afecta desproporcionadamente a nifios y adolescentes,
suscita la urgente necesidad de soluciones personalizadas para la
atencién del trauma. Modelos como Peds-TRISS ofrecen un punto de
partida para abordar estos desafios, sentando las bases para la toma de
decisiones clinicas y la implementacion de estrategias mas amplias de
salud publica. Los profesionales de la salud y los investigadores debemos
participar activamente en el desarrollo y la difusion de herramientas
basadas en la evidencia que identifiquen las brechas y conduzcan a
reducir el impacto multidimensional del trauma pediatrico. Los esfuerzos
colaborativos, respaldados por la comprension de los patrones
epidemioldgicos regionales y los avances en herramientas predictivas,
son esenciales para crear soluciones sostenibles que mejoren los

resultados en poblaciones vulnerables.
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Enhancing Pediatric Trauma Survival Prediction: Integrating ICISS

and Glasgow Coma Scale for Greater Accuracy

En este articulo se evalu6 el desempeno del ICISS en la poblacion de
estudio. Su capacidad para predecir la supervivencia a partir de los
diagnosticos codificados segun la CIE-10 (27,120) representa una
ventaja significativa, ya que, al basarse en datos registrados de forma
sistematica, permite su calculo a partir de bases de datos administrativas,

implicando un ahorro significativo en recursos humanos y tecnoldgicos.

Desde su desarrollo, el ICISS se ha validado en diversos contextos con
resultados prometedores (121-124). El Esfuerzo Colaborativo
Internacional sobre Estadisticas de Lesiones (ICE), organizado
conjuntamente con la Organizacion Mundial de la Salud en la Conferencia
Mundial sobre Prevencidén de Lesiones y Promocién de la Seguridad, que
se celebra cada dos afos (5), apoya el uso de las DSP como herramienta
de investigacion para facilitar la recopilacion, el analisis y la
comparabilidad internacional de los datos sobre lesiones. Dada la
facilidad de aplicacion, quisimos evaluar el rendimiento del ICISS, pues
no se habia evaluado previamente en poblaciones pediatricas de nuestro
pais. Nuestros hallazgos demuestran una buena discriminacién
demostrada con un valor alto del AUROC,; sin embargo, no mostré una
buena calibracion, lo que indica un ajuste deficiente entre las
probabilidades de supervivencia observadas y esperadas. Este hallazgo
es comun en estudios que evaluan modelos predictivos (34,123,125).

Dados los resultados encontrados con ICISS como predictor
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independiente, nos propusimos incorporar otras variables para mejorar la
precision pronostica. Considerando que el trauma craneoencefalico
representa la principal causa de mortalidad relacionada con trauma en
nifos y reconociendo que los nifios presentan respuestas fisioldgicas
distintas a las lesiones traumaticas (107), desarrollamos un nuevo modelo
predictivo que integra la ECG como una variable fisiolégica cuantitativa
continua junto con la ICISS. La ECG es un predictor ampliamente
utilizado (34), y estudios previos sugieren que la incorporacion de
variables fisiologicas, de caracter cuantitativo continuo, mejora el
rendimiento de modelos predictivos (34,55,126,127). La comparacion de
ambas escalas, ICISS e ICISS ajustada por ECG, demostré buenos
resultados a favor de la ultima. El valor de AUROC del nuevo modelo
supero significativamente el del ICISS original (p = 0,01) y también
presentd una mejor calibracién. La validacion interna del nuevo modelo

confirmo excelentes resultados en todas las métricas evaluadas.

Siguiendo el principio de “modelo parsimonioso”, que prioriza la
simplicidad manteniendo la capacidad predictiva (61), creemos que la
integracion de ICISS y GCS es un enfoque prometedor en nuestro

contexto.
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5.3 Fortalezas

Una de las principales fortalezas de este trabajo fue el tamafo de la
muestra, que constituye una de las cohortes mas grandes de nifios
lesionados reportadas en América Latina. Esto no solo mejora la potencia
estadistica de los analisis realizados, sino que también aporta
informacion valiosa sobre el trauma pediatrico en una regidén donde los
registros son limitados, pero esenciales para implementar estrategias de
intervencioén efectivas que impacten positivamente en los desenlaces

clinicos.

El uso del registro del Sistema General de Seguridad Social en Salud
(SGSSS) de Colombia permitié obtener gran parte de las variables
necesarias para el estudio, lo que representd un ahorro significativo de
recursos y demuestra la factibilidad de utilizar fuentes administrativas en

investigaciones de salud publica.

Otra fortaleza destacable fue la implementacién de un riguroso proceso
de verificacion de la codificacion diagndstica, lo cual permitiéo asegurar la
calidad de la informacion utilizada y refuerza la confiabilidad de los
resultados obtenidos. Aunque los errores en las clasificaciones
diagnosticas representan una posible fuente de sesgo, investigaciones
previas han sefialado que, si bien estos errores son relativamente
frecuentes, no suelen afectar de manera significativa la estimacion de la

severidad de las lesiones ni la prediccion de la mortalidad (128).
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Otra de las principales fortalezas de este estudio radica en el uso de
datos clinicos recolectados de manera sistematica en un centro de trauma
de alta complejidad, lo cual garantiza la calidad y la fiabilidad de la

informacion.

Se realiz6 un analisis estadistico robusto evaluando por primera vez en
América Latina, el desempenfo de escalas de trauma para predecir la
supervivencia en una cohorte grande de niflos. También por primera vez,
se desarrollaron nuevos modelos predictivos con el objetivo de mejorar la
precision de los ya existentes, contribuyendo asi al avance en

herramientas de prondstico aplicables en contextos pediatricos.

Los nuevos modelos fueron sometidos a validacién interna mediante una
potente técnica estadistica, Bootstrap, lo que permitié evaluar su

rendimiento de manera confiable, reduciendo el riesgo de sobreajuste.

Finalmente, la inclusion de una cohorte representativa de pacientes
pediatricos en un contexto con alta carga de trauma violento aporta valor
significativo. No solo contrasta con lo reportado en la mayoria de la
literatura internacional, sino que también permite evaluar el desempefo
de los modelos en un escenario poco explorado. Esta caracteristica
refuerza la necesidad de desarrollar modelos basados en datos
regionales, que puedan servir como referencia para contextos con

caracteristicas epidemiologicas similares (118,119).

98



5.4 Limitaciones

Este trabajo presenta varias limitaciones que deben ser consideradas al
interpretar sus hallazgos. En primer lugar, el disefio retrospectivo y
monoceéntrico puede introducir sesgos de seleccidn y limitar tanto la
generalizacién como la transportabilidad de los resultados. La realizacion
de estudios prospectivos y multicéntricos en el futuro seria fundamental
para reforzar la validez externa y la aplicabilidad clinica de los modelos

evaluados.

En relacion con el uso de diagndsticos codificados segun la CIE-10, si
bien los errores de codificacidn constituyen una posible fuente de sesgo,
estudios previos han indicado que estos errores no suelen afectar de
forma significativa la estimacion de la severidad de las lesiones ni la
prediccion de la mortalidad (128). A pesar de ello, se implementé un
proceso riguroso de verificacion diagnodstica de los cédigos CIE-10 para

mitigar este riesgo.

Reconocemos la falta de informacion sobre la atencion prehospitalaria, asi
como los datos de mortalidad en el entorno extrahospitalario. Considerando
que una proporciéon considerable de las muertes relacionadas con trauma
ocurre antes del ingreso hospitalario (129,130), lainclusion de estos datos en
futuras investigaciones podria enriquecer el analisis de factores asociados a
la mortalidad y mejorar la precision de las estimaciones de supervivencia

(127).
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La elevada proporciéon de muertes por violencia interpersonal en
adolescentes podria limitar la extrapolacién de los resultados a otras
regiones con una epidemiologia distinta. No obstante, la inclusion de esta
informacion resulta crucial para visibilizar una problematica real y vigente
en América Latina, y representa un primer paso hacia el desarrollo de
estrategias de intervencion contextualizadas. Ademas, fortalece la
pertinencia del modelo para contextos con alta carga de violencia,
ofreciendo un marco de referencia util para regiones con caracteristicas

similares.

La mortalidad fue la medida principal de desenlace. Sin embargo,
consideramos que la inclusion de variables adicionales, como la
morbilidad, las secuelas funcionales, la discapacidad o los desenlaces a
largo plazo, permitiria evaluar integralmente el impacto del trauma en la
calidad de vida de los pacientes pediatricos. Incluir estos desenlaces en
futuras investigaciones contribuiria a una vision mas amplia y centrada en

el paciente.

5.5 Implicaciones para la practica clinica y la investigacion

Nuestra regién atraviesa una situacioén critica en términos de violencia, en
la que nifios y adolescentes representan una proporcion significativa de

las victimas. Esta realidad refleja un problema profundo y multifactorial
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que exige un analisis reflexivo sobre nuestro rol como profesionales de la
salud, investigadores y miembros de una sociedad violenta. Frente a este
escenario, se requiere unarespuesta activa mediante intervenciones
multisectoriales, priorizadas e impulsadas por autoridades

gubernamentales, sanitarias y académicas.

La investigacion en trauma pediatrico debe fortalecerse como una
prioridad cientifica y ética, orientada a generar conocimiento
contextualizado, basado en datos robustos, que permita reconocer
brechas asistenciales y fundamentar intervenciones que mejoren la

supervivencia y calidad de vida de los pacientes pediatricos.

En este sentido, los hallazgos de esta tesis respaldan el uso sistematico
de herramientas prondsticas como las escalas de trauma para estimar la
probabilidad de supervivencia en nifios lesionados. En particular, el PTS
demostrd un excelente desempefio en nuestra cohorte, lo que justifica su
implementacion como herramienta de triaje inicial en el contexto
colombiano y latinoamericano. Su utilizacion puede optimizar el uso de
los recursos sanitarios, evitando tanto la saturacion de hospitales de alta
complejidad con casos leves como el retraso en la atencion de pacientes

graves en instituciones sin capacidad resolutiva adecuada.

Por otra parte, como centros de alta complejidad que atendemos
pacientes lesionados, tenemos la responsabilidad de implementar
estrategias orientadas a mejorar la calidad de atencién de nuestros

pacientes. En consonancia con esto, la evaluacién sistematica de
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resultados clinicos permite identificar factores asociados a desenlaces no
esperados, lo que facilita intervenciones especificas para su correccion.
En linea con este enfoque, el uso de herramientas prondsticas como las
escalas de prediccion de supervivencia y los indicadores estadisticos de
desemperfio (como los valores esperados versus observados, o DEF),
empleados en nuestro estudio, han demostrado ser utiles a nivel
internacional. Su incorporacion en la practica clinica podria fortalecer los
procesos de auditoria, permitir comparaciones objetivas entre
instituciones y contribuir a la mejora continua de la atencion en trauma

pediatrico.

Asi mismo, nuestros datos también refuerzan la necesidad urgente de
establecer un Sistema Nacional de Vigilancia de lesiones, que permita la
recoleccion sistematica de informacion sobre la incidencia, causas,
severidad y contexto de las lesiones, asi como los procesos de atencion
y los desenlaces asociados, aplicando un abordaje de centros centinela.
Contar con un sistema de este tipo facilitaria la planificacion de
estrategias preventivas efectivas, permitiria mejorar la calidad de atencién
al identificar deficiencias, y reduciria la carga sanitaria y econdémica
generada por la morbilidad y mortalidad por trauma. Ademas, contribuiria
significativamente a la investigacion en la medida que aporta nuevo
conocimiento, esencial para la formulacion de politicas basadas en
evidencia y para el disefio de intervenciones mas eficaces. Este sistema de
vigilancia se constituiria, por tanto, en una herramienta fundamental de

salud publica para mejorar la salud poblacional.
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Finalmente, esta evidencia pone de manifiesto la necesidad de fortalecer
la formacién en trauma pediatrico en los programas de pregrado,
posgrado y educacion continua del personal de salud, asi como de
fomentar el trabajo colaborativo entre sectores. Las estrategias de
intervencién deben tener un enfoque preventivo, multidisciplinario e
intersectorial, abordando las causas estructurales de la violencia y

promoviendo entornos seguros para la nifiez y la adolescencia.

103



6. CONCLUSIONES

» Lamayoria de los fallecimientos ocurrido en adolescentes entre los
10 y 17 anos, y el 71% de ellos fue a causa de un homicidio. Sin
embargo, se registraron muertes por esta causa desde el primer
afio de vida, lo que evidencia un desafio critico para la salud

publica en la region.

» Las muertes se concentraron en hombres de bajo nivel
socioecondmico, con lesiones por arma de fuego, lo que no solo
resalta la naturaleza violenta del trauma, sino también su estrecha
relacion con determinantes sociales que incrementan la

vulnerabilidad de ciertos grupos poblacionales.

 Eltrauma craneoencefalico fue la principal causa de muerte,
independientemente de la intencionalidad del mecanismo lesional,
lo que subraya la necesidad de estrategias especificas para su

prevencion y manejo.

 EIPTS mostré un excelente desempenfo en la prediccién de
supervivencia, con resultados consistentes en todas las métricas de

evaluacién analizadas.

» La incorporacion de variables como la edad y la Escala de
Coma de Glasgow (ECG) en los modelos de prediccion
mejora su precision pronostica,
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especialmente en la poblacion pediatrica. Esto responde no solo a
las caracteristicas epidemioldgicas de este grupo etario, sino
también a sus particulares respuestas fisiolégicas adaptativas

frente al trauma.

Dadas las caracteristicas de la cohorte y los resultados obtenidos,
los modelos evaluados presentan un potencial considerable para su
uso en contextos similares en América Latina, donde predominan

condiciones epidemioldgicas y estructurales comparables.

Se requiere validar nuestros hallazgos en otras poblaciones
pediatricas para determinar su aplicabilidad y fortalecer su utilidad
como herramienta de apoyo en la toma de decisiones clinicas y de

politicas publicas.
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