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BIG score is a strong predictor of mortality and morbidity
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ABSTRACT
BACKGROUND: Severe traumatic injuries not only constitute an important population of pediatric intensive care unit (PICU) but
they also play a major role in mortality and morbidity. Mortality risk assessment of traumatic injuries in the PICU is a delicate issue
as it influences the treatment decisions. BIG score (Base Deficit +[2.5 × INR] + [15-GCS]) and the Pediatric Trauma Score (PTS) are
utilized in pediatric trauma centers for the assessment of trauma severity. In this research, we aimed to elucidate the predictivity of
trauma severity scores, the PRISM-3 (pediatric risk of mortality), and admission laboratory parameters in pediatric patients with highenergy traumas.
METHODS: Children who had been exposed to high-energy polytraumas between 2018 and 2020 and treated in a tertiary care
PICU were included in this retrospective analysis. Newly developed mental or motor disabilities, post-traumatic acquired epilepsy,
requirement for tracheostomy, and/or extremity loss at PICU discharge were defined as morbidity. The PTS, the BIG score, PRISM-3
score, and admission laboratory parameters were utilized for mortality and morbidity prediction.
RESULTS: A total of 155 patients were included in the study. The median age of the participants were 66 months (25–134). The origin of trauma was fall from height in 45.2% (n=70) of the subjects and traffic accident 54.8% (n=85) of the cases. New morbidities had
occurred in 8.7% (n=13) and 3.2% (n=5) of the patients deceased in the ICU. The results of logistic regression analysis indicated that
BIG score (p=0.01), PTS (p=0.003), PRISM-3 (p=0.02), admission D-dimer (p=0.01), and albumin levels (p=0.001) were significantly
associated with mortality. The receiver operating characteristics curve analysis denoted that BIG score (cutoff >21.5, area under the
curve [AUC]: 0.984 95% CI: 0.943–0.988), PRISM-3 score (cutoff >18, AUC: 0.997 95% CI: 0.970–1), the PTS (cutoff ≤3, AUC: 0.969
95% CI: 0.928–0.990), admission albumin level (cutoff ≤3 g/dL, AUC: 0.987 95% CI: 0.953–0.998), and D-dimer level (cutoff >13,100
mcg/L, AUC: 0.776 95% CI: 0.689–0.849) all had high predictive values for mortality.
CONCLUSION: Regarding the results of this research, one can conclude that BIG score is a strong predictor of mortality and morbidity in high-energy pediatric traumas. Although PRISM-3 score has a similar predictive capability, the earlier and easier calculation assets of BIG score positions itself as a more useful and powerful predictor for mortality and morbidity in pediatric high-energy traumas.
Keywords: BIG score; high-energy trauma; mortality; pediatric intensive care unit; pediatric trauma.

INTRODUCTION
Traumatic injuries are still one of the leading causes of death
in children.[1] Preventive measures and education of families
can reduce traumatic accidents. High-energy traumas can be
observed in falls from height, traffic accidents, or during war
by high amount of kinetic energy transfer to the body that
cause serious damage to the tissues.[2] Children are more

likely to be exposed to high-energy trauma than adults, due
to the low body mass index and high body surface area/
weight ratio. High-energy polytraumas have the potential to
develop serious complications during the acute and subsequent phases such as acute respiratory distress syndrome
and brain edema in children even if no serious findings are
observed in the initial evaluation.[3,4] Therefore, follow-up
of the patients may be necessary in the pediatric intensive
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care unit (PICU). Prediction of outcomes such as mortality
or morbidity is another important task for ICUs, because it
requires patient-based decisions, affects intensive care quality
assessment, and provides the classification of cases according
to mortality or morbidity risks in academic research. In this
study, we aimed to elucidate the predictivity of trauma severity scores, the PRISM-3 score (pediatric risk of mortality),
and admission laboratory parameters in PICU patients with
high-energy traumas.

MATERIALS AND METHODS
Children who had been exposed to high-energy polytraumas
between 2018 and 2020 and treated in a tertiary care PICU
were included in this retrospective cross-sectional study. The
research was conducted in a 12-bed PICU of a training and
research hospital, which admits approximately 500 surgical
and medical patients per year. Children younger than 18 years
of age and hospitalized after acute-onset traumatic injuries in
the PICU had been enrolled in the study. Fall from height (>3
m) and high-risk traffic accidents were considered as high-energy polytraumas.[5] Individuals older than 18 years of age and
with other traumas have not been included. In addition, if the
interval between traumatic event and the hospital admission
was more than 24 h, the patient was excluded from the study.
Patient demographics, PRISM-3 score, PTS, BIG score, trauma
type, mechanical ventilation requirement, admission procalcitonin level, C-reactive protein, lactate dehydrogenase (LDH),
creatinine kinase, white blood cells, platelets, D-dimer, INR,
base deficit, length of PICU stay, morbidities, and survival at
PICU discharge were retrospectively collected from the hospital database.
The pediatric trauma score (PTS), the BIG score (Base
Deficit +[2.5 × INR] + [15–GCS]), and the pediatric risk of
mortality III-24 score (PRISM-3) were utilized for determining
the severity of disease and outcome prediction.[6,7] Glasgow
Coma Scale (GCS) was used to assess consciousness quantitatively and pediatric GCS was preferred for subjects under
2 years of age. Newly developed mental or motor disabilities
(paresis or plegia), post-traumatic acquired epilepsy, requirement for tracheostomy, or extremity loss at PICU discharge
were defined as morbidity.
The ethics committee approval has been granted on 2019 and
protocol number: 2019–2020/17.

Statistical Analysis
Continuous variables were expressed as the median and interquartile range (25–75 percentiles). Categorical variables
were expressed as n (%). Statistical comparison of continuous
variables between two independent groups was performed
using the Mann–Whitney U-test. Statistical comparisons of
categorical variables were performed using the Chi-square
Ulus Travma Acil Cerrahi Derg, September 2022, Vol. 28, No. 9

test or Fisher’s exact test. Single logistic regression analysis
was used for the determination of significant parameters
for mortality and morbidity. Statistically significant logistic regression analysis results were presented as odds ratio
(OR), 95% confidence interval, and P-value. Receiver operating characteristics (ROC) curve analysis was performed to
analyze the predictive value of variables. The Youden index
was used to identify cutoff values. Results were expressed
as a cutoff value, area under the ROC curve area under the
curve (AUC), sensitivity, specificity, and p-value. P<0.05 was
considered statistically significant. Statistical analysis was performed through Statistical Package for the Social Sciences
(SPSS) for Windows version 23 and MedCalc for Windows
version 14.8.1.

RESULTS
There were 1290 PICU admissions during the study period
and 167 (12.9%) of them were due to traumatic injuries
and 155 of 167 patients were classified as acute high-energy
traumas. The median age was 66 months (25–134) and the
female-to-male ratio was 50/105. The origin of trauma was
fall from height in 45.2% (n=70) of the subjects and traffic
accident 54.8% (n=85) of the cases (21 in a vehicle and 64
out of a vehicle). The median PRISM-3 score was 6 (5–12),
PTS was 8 (5–10), GCS was 12 (9–14), and the BIG score was
9.4 (6.8–5.1).
Forty-four (28.4%) patients had intrathoracic or abdominal
hemorrhages and 39 (25.2%) patients had intracranial hemorrhages. The most common intracranial hemorrhage type
was subdural in 13 (33.3%) of the cases followed by epidural
in 9 (23.1%), subarachnoid in 9 (23.1%), and parenchymal in
8 (20.5%) patients.
Laboratory values at admission were as follows; C-reactive
protein 2.65 mg/L (1–11), procalcitonin 0.44 ng/mL (0.12–
1.97), albumin 4.2 g/dL (3.7–4.5), LDH 481 U/L (344–758),
creatine kinase 405 U/L (192–880), D-dimer 3692 mcg/L
(1213–9657), white blood cells 15.2×103/mm3 (12.1–19.4),
platelets 282×103/mm3 (220–340), INR 1.15 (1–1.5), and base
deficit was 3.1 (2.1–5.1).
D-dimer was significantly higher (9657 ng/mL [4601–2062])
in the patients with intracranial hemorrhage compared to
others (2813 ng/mL [986–6363]) (p<0.001). However, no significance has been achieved between patients with and without abdominal or thoracic hemorrhage (p=0.96).
Forty-three (27.7%) patients required invasive mechanical
ventilation during their PICU stay. Thirteen (8.7%) patients
had morbidities at PICU discharge and neurologic deficits
were the most common (n=12, 8%) one. Other morbidities
were elaborated as post-traumatic epilepsy in 5 (3.3%) patients, tracheostomy need in 3 (2%) patients, and extremity
loss in 1 (0.6%) patient.
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Table 1.

Features of survived and non-survived patients

Age (months)
BIG score

Survived n=150

Non-Survived n=5

Median (25–75p)

Median (25–75p)

65 (25–132)

125 (54–136)

0.49

9.2 (6.7–15.8)

30.4 (25.9–32.05)

<0.001

Pediatric Trauma Score
Glasgow Coma Scale

8 (6-10)

-1 (-1–2)

<0.001

12.5 (10–14)

3 (3–3)

0.002

6 (5–9)

34 (26–45)

<0.001

43 (28.7)

1 (20)

0.6

Pediatric Risk of Mortality Score
Intraabdominal or intratorasic hemorrhage, n (%)
Intracranial hemorrhage, n (%)
C-reactive protein (mg/dL)
D-Dimer (mcg/L)
Albumin (g/dL)
Base deficit (meq/L)

p

37 (24.7)

2 (40)

0.6

2.8 (1–11.4)

1.3 (1.2–1.7)

0.54

3646 (1213–8780)

18451 (13686–36850)

0.03

4.25 (3.8–4.5)

2.4 (1.7–2.7)

<0.001

3.1 (2.1–5)

12.3 (9.2–13.9)

<0.001

International normalized ratio

1.1 (1–1.4)

1.9 (1.8–2.2)

0.002

Lactate dehydrogenase (U/L)

481 (343–756)

478 (390–813)

0.8

Creatinin kinase (U/L)

388 (191–876)

855 (542–1853)

0.13

Procalcitonin (ng/ml)

0.45 (0.12–1.89)

0.12 (0.03–12.06)

0.671

White blood cells (x103/mm3)

15.2 (12.1–19.4)

11.2 (9.6–15.3)

0.26

283 (223–340)

133 (64–211)

0.015

Platelets (x10 /mm )
3

Table 2.

3

Single variable logistic regression analysis results for the dependent variables morbidity and mortality
Morbidity
p

OR
13.5

Mortality
%95 CI		

3.49

52.63

p

OR

%95 CI

Intracranial hemorrhage (yes/no)

<0.001

GCS

0.994				
0.995			

0.446			

BIG score

0.001

1.720

1.261

2.346

0.01

1.768

1.138

2.746

PTS

0.000

0.547

0.422

0.710

0.003

0.468

0.285

0.768

PRISM-3 score

0.023

1.451

1.222

1.724

0.024

1.647

1.067

2.543

D-Dimer 500* (mcg/L)

0.019

1.026

1.004

1.049

0.011

1.032

1.007

1.058

Albumin 0.1** (g/dL)

<0.001

0.827

0.746

0.918

0.001

0.747

0.634

0.881

PCT (ng/mL)

0.792				

0.027

1.094

1.010

1.184

PLT50*** (x103/mm3)

0.865				

0.005

0.422

0.232

0.767

Age, intracranial hemorrhages, intrathoracic or abdominal hemorrhages, Glasgow coma score (GCS), Pediatric trauma score (PTS), Pediatric risk of mortality (PRISM-3),
C-reactive protein, D-Dimer, Albumin, Lactate dehydrogenase, Creatinin kinase, Procalcitonin (PCT), White blood cells and Platelets were included to the single variable
logistic regression analysis. Only statistically significant variables were presented.
*
Calculated for each 500 mcg/L D-dimer change. **Calculated for each 0.1 g/dL Albumin change. ***Calculated for each 50x103/mm3 Platelet change.

The median length of PICU stay was 3 days (2–7). Five
(3.3%) of the patients were deceased in the ICU (Table
1). Logistic regression analysis results for the dependent
variables mortality and morbidity are presented in Table 2.
Receiver operating curve analysis results are presented in
Table 3.
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DISCUSSION
Traumatic injuries are still one of the most important causes
of mortality in childhood age. Most of the fatal traumas in
children are due to high-energy traumas. This study investigated the general characteristics of pediatric high-energy
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Table 3.

Receiver operating curve characteristics analysis results for the mortality and morbidity

		
Mortality

PTS
BIG score
PRISM score

AUC

%95 CI for AUC

Sensitivity

Specificity

p

≤3

0.969

0.928-0.990

>21.5

0.984

0.943-0.998

100

90

<0.001

100

94.2

<0.001

>18

0.997

0.970-1

100

98.6

<0.001

>13100

0.776

0.689-0.849

80

84.5

0.03

Albumin (g/dL)

≤3

0.987

0.953-0.998

100

95.8

<0.001

PTS

≤5

0.940

0.889-0.972

100

83.9

<0.001

>17.8

0.970

0.921-0.993

100

91.6

<0.001

>9

0.917

0.861-0.956

92.3

82.4

<0.001

>2150

0.755

0.664-0.832

100

39

0.001

≤3.8

0.774

0.697-0.839

69.2

76.6

<0.001

D-Dimer (mcg/L)
Morbidity

Cut-Off Value

BIG score
PRISM score
D-Dimer (mcg/L)
Albumin (g/dL)

CI: Confidence Interval; AUC: Area under the curve; PTS: Pediatric Trauma Score; PRISM: Pediatric risk of mortality.

The BIG score was designed to assess disease severity and to
predict trauma mortality in the military setting.[8] The performance of the BIG score in ROC curve analysis for mortality prediction has been assessed in different studies. In the
original study, the AUC of the ROC curve for mortality was
calculated as 0.890 and it has been reported that it was better than all other trauma severity scoring systems assessed
in the study.[8] In recent years, evidence about the mortality
prediction performance of the BIG score has been growing
for pediatric trauma victims. Davis et al.[9] have reported that
the BIG score can accurately predict mortality (AUC: 0.950)
in pediatric blunt trauma patients in the emergency setting.
They have also stated that the BIG score had an excellent
predictive performance (AUC: 0.920) in patients followed in
the ICU. In another study, Muisyo et al.[10] have emphasized
that BIG score had an excellent (AUC: 0.940) and comparable performance to PRISM-3 (0.960), pediatric index of
mortality-2 (PIM-2) (AUC: 0.970), and pediatric logistic organ dysfunction scores (AUC: 0.930). In our study, BIG score
presented very good predictivity (AUC: 0.984) for mortality
like PRISM-3 and PTS. However, the disadvantage of PRISM-3
score could be elaborated as it should be calculated at the
Ulus Travma Acil Cerrahi Derg, September 2022, Vol. 28, No. 9

end of the first 24th h. Therefore, BIG score seems to be
a useful mortality predictor and disease severity score for
pediatric trauma victims because it can be calculated easily
on admission with basic laboratory and physical examination
findings.
Prediction of morbidity in pediatric trauma victims as an outcome has not been evaluated comprehensively in the previous literature. It is because morbidity does not describe
clearly like mortality. This study interpreted that morbidity
prediction can be possible with BIG and PTS trauma scoring
systems. However, the increased use of quantitative morbidity scoring systems like the Functional Status Score will be
able to identify morbidity predictors more accurately in the
future.[11]
The PTS was developed by Tepas et al. in 1987.[12] The total
PTS ranges between 6 and 12 and the PTS <=8 is considered
as severe trauma.[6] In a study by Chabok et al.,[13,14] it has
been reported that PTS is not a significant predictor for the
15
14
13
Glasgow Coma Scale

traumas and factors associated with mortality and morbidity
in PICU. The key findings of this study were relevant to outcome-associated factors. The BIG score appeared to be one
of the most sensitive predictors of mortality and the most
sensitive predictor of morbidity. PTS was also considered as
a sensitive marker for morbidity outcomes of pediatric high-energy traumas. Not surprisingly, PRISM-3 score was the
most sensitive predictor of mortality in our study. Admission
albumin levels indicated high predictive performance on mortality (AUC: 0.987) and morbidity (AUC: 0.774). Despite the
significant difference of GCS between survived and deceased
patients, there was no significant relationship in logistic regression analysis between GCS and intensive care mortality
or morbidity.

12
11
10
9
8
7
6
5
4
3

Figure 1. Bimodal distribution of Glasgow Coma Scales of the patients. Each circle represents a patient in the study.
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mortality of pediatric trauma in the emergency setting. However, ROC analysis of the same study showed that PTS had
good performance (AUC: 0.949, 95% CI: 0.908–0.991) for
predicting mortality as indicated in our study (AUC: 0.969).
GCS has also been shown as a significant mortality predictor
in the same study, unlike our results. In the emergency setting, admission GCS is a more raw variable than PICU admission, because, during the emergency follow-up, patients who
have low or deteriorating GCS are almost always sedated and
intubated before ICU even if emergency admission GCS was
not low. Therefore, GCS of intensive care admission concludes a bimodal distribution (Fig. 1), unlike the emergency
admission, and statistical significance was not detected even
if all mortalities and morbidities were observed in the low
GCS patients.
D-dimer assay measures cross-linked fibrin degradation
products and it is one of the most sensitive biomarkers of
fibrinolysis.[10] It is known that traumatic disorders are associated with hypercoagulability and high D-dimer values.
[15]
Investigators interested in pediatric traumatic brain injury processed D-dimer to predict intracranial hemorrhages. Similar D-dimer cutoff values were published in different studies and normal D-dimer levels (<500 ng/mL) can
exclude intracranial hemorrhages in almost all pediatric
patients with isolated head trauma and prevent unnecessary head CT imaging.[16–18] In our study, patients had severe high-energy polytrauma and D-dimer levels were higher
than previously mentioned studies. Therefore, we think that
D-dimer cannot be a reliable marker to separate patients
with intracranial hemorrhage from the others in high-energy
polytrauma patients. It has been reported that high D-dimer
and low albumin levels on emergency admission can predict
poor outcomes in severe trauma patients.[19–21] This study
elaborated that high D-dimer and low albumin levels were
important mortality and morbidity predictors in high-energy
pediatric polytraumas.
The most important limitation of this study could be attributed to its retrospective nature. Trauma-related morbidities
can usually resolve completely over weeks or months, so the
morbidities on intensive care discharge do not reflect permanent disabilities in this population. The strength of this study
lies beneath the fact that it is one of the few articles of evaluating the relationship between trauma scores and mortality
in pediatric high-energy traumas in PICU.

Conclusion
Regarding the results of this research, one can conclude that
BIG score is a strong predictor of mortality and morbidity in
high-energy pediatric traumas. Although PRISM-3 score has
a similar predictive capability, the earlier and easier calculation assets of BIG score positions itself as a more useful and
powerful predictor for mortality and morbidity in pediatric
high-energy traumas.
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ORİJİNAL ÇALIŞMA - ÖZ
OLGU SUNUMU

Çocuk yoğun bakım ünitesindeki yüksek enerjili travma olgularında BIG skoru
güçlü bir mortalite ve morbidite belirtecidir
Dr. Hasan Serdar Kıhtır, Dr. Ebru Atike Ongun
Sağlık Bilimleri Üniversitesi, Antalya Eğitim ve Araştırma Hastanesi, Çocuk Yoğun Bakım Kliniği, Antalya

AMAÇ: Ciddi travmatik yaralanmalar çocuk yoğun bakım hasta popülasyonunun önemli bir parçası olduğu gibi mortalite ve morbiditenin de önemli
nedenleri arasındadır. Çocuk yoğun bakım unitesinde mortalite riskinin değerlendirilmesi, hasta bazlı tedavi kararlarının alınması ve kalite değerlendirmesi açısından önemli bir konudur. BIG skor (Baz açığı+[2.5 x INR] + [15- GKS]) ve Pediatrik Travma Skoru pediatrik travma merkezlerinde
travma ciddiyetinin değerlendirilmesi amacıyla kullanılmaktadır. Bu çalışmadaki amacımız, pediatrik yüksek enerjili travma olgularında travma şiddeti
skorları, pediatrik mortalite risk skoru (PRISM – 3) ve yatış laboratuvar verilerinin mortaliteyi belirlemedeki rollerini tespit etmektir.
GEREÇ VE YÖNTEM: Bu geriye dönük çalışma 2018–2020 yılları arasında 3. basamak bir çocuk yoğun bakım ünitesinde yürütüldü. Yüksek enerjili
çoklu travma olguları çalışmaya dahil edildi. Yeni gelişen mental ya da motor bozukluklar, posttravmatik epilepsi, trakeostomi ihtiyacı ve ekstremite
kaybı olması morbidite olarak tanımlandı. Pediatrik travma skoru, BIG skor, PRISM – 3 skoru ve başvuru laboratuvar incelemeleri mortalite ve
morbidite tahmininde kullanıldı.
BULGULAR: Ortanca yaşları 66 (25–134) ay olan 155 olgu çalışmaya dahil edildi. Altmış (%45.2) olgu yüksekten düşme nedeniyle 85 (%54.8) olgu
ise motorlu taşıt kazası nedeniyle yatırılmıştı. On üç (%8.5) olguda taburculukta morbiditeler tespit edilirken beş (%3,2) olgu yatış sırasında hayatını
kaybetti. Lojistik regresyon analizinde BIG skoru (p=0.01), pediatrik travma skoru (p=0.003), pediatrik mortalite risk skoru (p=0.02), yatış D-dimer
değeri (p=0.01) ve yatış albumin değeri (p=0.001) mortaliteyle anlamlı olarak ilişkili bulundu. ROC analizinde ise BIG skoru (kestirim değeri >21.5,
AUC: 0.984 %95 GA: 0.943–0.988), pediatrik mortalite risk skoru (kestirim değeri >18, AUC: 0.997 %95 GA: 0.970–1), pediatrik travma skoru
(kestirim değeri ≤3, AUC: 0.969 &95 GA: 0.928–0.990,) başvuru albumin düzeyi (kestirim değeri ≤3 g/dL, AUC: 0.987 %95 CI: 0.953–0.998) ve
başvuru D-dimer düzeylerinin (kestirim değeri >13100 mcg/L, AUC: 0.776 %95 GA: 0.689–0.849) mortalite açısında yüksek düzeyde prediktif
olduğu görüldü.
TARTIŞMA: BIG skoru, pediatrik yüksek enerjili travma hastalarında güçlü bir mortalite ve morbidite prediktörü olarak görünmektedir. Pediatrik
mortalite risk skoru, BIG skoruyla benzer prediktif değere sahip görünse de çok daha erken ve hızla değerlendirilebilir olması nedeniyle BIG skoru
daha kullanışlı ve güçlü bir prediktör olarak ön plana geçmektedir.
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