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編言 

 

 

    高雄長庚醫院外傷科一直以來除了服務南台灣之大量外傷病患，不斷

提升臨床之照護水準外，尤兢兢業業於各項臨床與基礎方面之研究工作。每

年年初，彙整我們過去一年來由科內醫護人員所發表和外傷相關之學術研

究工作內容，不僅對過去一路走來之足跡做一個回顧檢討，也在於對未來的

各項研究方向括劃出新的方向。此年之研究有相當的部分是延續過去對於

多重外傷定義、壓力性高血糖預後、逆轉休克指數、簡易骨鬆指數、及股骨

骨折型態研究之結果。另外，我們也提出一些使用機器學習方法建模運用於

臨床預測之探討、並納入前瞻性之研究結果(急腹症患者腹水和血液之總體

基因體學分析，和簽署不施行心肺復甦術後之死亡風險因子分析)、並發表

了我們第一篇由外傷登錄員撰寫之中文期刊(外科急診家暴受害者之外傷表

現)。期望能藉由擴大外傷研究之範疇，增加外傷醫學領域之學術交流外，

可以促進對外傷病患之全方面照顧。 
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比，電燒傷患者進加護病房比例較高、開刀次數較多、死亡率也較高。但是

其整體之醫療花費，包括了手術、檢查、及藥物費用等，兩者之間並無明顯

差別。 
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於2015至2016兩年期間，因家暴至本院急診就醫者有367人，而其中8人需要

住院治療。受害人中，女性占了八成。而施虐者以配偶關係比例為最高(57.2%)

，其次是來自兒女(14.2%)。我們發現絕大多數家暴受傷型態是鈍挫傷，佔了

97.5%，通常為拳頭或物品的毆打撞擊。而頭頸部位置的受傷則佔了近三分

之一，且有30%的被害者有腦震盪情況產生，但是有明顯昏迷指數下降者不

多，殘留有後遺症者極少。家暴受害人其中更有一人死亡，其受傷機轉為水

果刀刺傷腹部，造成出血性休克後併發腦損傷而死亡。本研究顯示，家暴所

造成之外傷可能造成受害人不同部位之骨折或內臟器官損傷情況，而需要住

院及手術治療，甚至還有可能造成家暴受害人死亡之情況發生。 
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Abstract: Background: The purpose of this study was to profile the bacterium in the ascites and blood
of patients with acute surgical abdomen by metagenome analysis. Methods: A total of 97 patients
with acute surgical abdomen were included in this study. Accompanied with the standard culture
procedures, ascites and blood samples were collected for metagenome analysis to measure the
relative abundance of bacteria among groups of patients and between blood and ascites. Results:
Metagenomic analysis identified 107 bacterial taxa from the ascites of patients. A principal component
analysis (PCA) could separate the bacteria of ascites into roughly three groups: peptic ulcer, perforated
or non-perforated appendicitis, and a group which included cholecystitis, small bowel lesion, and
colon perforation. Significant correlation between the bacteria of blood and ascites was found in
nine bacterial taxa both in blood and ascites with more than 500 sequence reads. However, the PCA
failed to separate the variation in the bacteria of blood into different groups of patients, and the
bacteria of metagenomic analysis is only partly in accordance with those isolated from a conventional
culture method. Conclusion: This study indicated that the metagenome analysis can provide limited
information regarding the bacteria in the ascites and blood of patients with acute surgical abdomen.

Keywords: metagenome analysis; acute surgical abdomen; infection; ascites; blood

1. Introduction

Acute abdomen is a condition that demands immediate attention and treatment. Acute abdomen
may be caused by a heterogeneous group of conditions ranging from relatively benign conditions
such as acute appendicitis to conditions such as diffuse peritonitis and intestinal infarction and is
indicative of a surgical problem [1]. The identification of pathogenic microorganisms contaminated in
the peritoneal cavity of patients with acute abdomen is important to prevent its progression into sepsis.
However, the human gastrointestinal tract harbors a complex indigenous microbial flora [2,3]. Normal
gut microbiota contains an estimated 1014 microbes [4], representing over 1000 different species of
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bacteria belonging to 190 different genera [5]. As the gastrointestinal tract proceeds distally, both the
density and diversity of the flora increase within the colon, the majority of which reside in the host
colon [6]. Although 500–600 distinct microbial species can be cultured from normal stool, conventional
culture methods cultivate only 10–30% of gut microbiota [7,8]. Even in critically ill patients with sepsis,
cultures were positive only in 60% of the cases [9]. In addition, the conventional culture method takes
several days before the results are available and is labor intensive. Furthermore, empirical treatment
with antibiotics prior to sample collection hampers bacterial growth in culture, thus compromising the
sensitivity of the test.

In recent years, metagenome analysis by next-generation sequencing has emerged as a new
method to identify the etiological agents of an infectious disease [10]. This method is based on
the amplification and analysis of bacterial 16S rRNA genes with massively parallel processing [11].
Millions of DNA/RNA molecules in a specimen are sequenced in parallel and pathogens can be
identified by matching the sequences to a reference database without bacterial cultivation [12,13].
This technology has allowed researchers to identify previously uncharacterized bacteria or viruses
that cause infectious diseases [10,14,15] and also to investigate organisms previously thought to be
inaccessible, including obligate anaerobes and other microorganisms that cannot survive outside their
hosts without symbionts [11]. Furthermore, the metagenome analysis is not only useful for rapid
bacterial diagnostics but also helps in assessing potential antimicrobial susceptibility [13]. It carries
the potential to assist in using antibiotics based on an increased understanding of antibiotic-resistant
genes in the gut microbiome [16–18].

The metagenome analysis has been performed to investigate the etiological agents of inflammatory
diseases [19,20] in patients with sepsis [21], in neutropenic patients [22] and in children with central
nervous system infection [23]. In a study of six patients with acute cholecystitis, the results of
metagenome analysis from subjects with bacteria in bile were consistent with the results from
conventional culture examination and antimicrobial susceptibility testing [13]. In a study of bacterial
bloodstream infection in critically ill patients, the metagenome analysis showed significantly better
diagnosis compared to the blood culture of patients who had received antibiotic pretreatment [24].

With the rapid development of applications in a clinical setting, the 16S metagenomic analysis
provides an assumption-free approach to identify bacteria and has the potential to provide early
diagnosis and novel treatments [16]. For example, in a clinical setting, the evaluation of cytological and
biochemical components from abdominal fluid via abdominal paracentesis or diagnostic peritoneal
lavage from a patient with acute abdominal disease is essential for the rapid determination of the
disease etiology [25–27]. These results often assist the surgeon to make a decision regarding the
necessity for surgery and initiate appropriate therapy [25–27]. Whether the additional metagenomic
information from ascites could aid such decision-making merits further investigation. Using
metagenome analysis, it would be interesting to answer the following questions: (1) Does the identified
bacterial profile in ascites or blood reflect different etiologies of acute surgical abdomen? (2) Could
bacteria in blood be indicative of those that could present in ascites? (3) Are the results of metagenome
analysis in accordance with those obtained from conventional culture methods? Therefore, this study
was designed to profile and compare the bacteria of ascites and blood in those patients with acute
surgical abdomen using metagenome analysis.

2. Materials and Methods

2.1. Enrollment of Patients

The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected
in an approval by the Institutional Review Board of Chang Gung Memorial Hospital (Ref: 201601132B0).
One hundred patients who had acute surgical abdomen consecutively since 1 September 2016 were
enrolled in this study. All patients read and signed the consent form before sample collection. Only those
patients who were aged 18 years and above and those who had received laparotomy or laparoscopy
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were included. Exclusion criteria included patients with cancer, with an immunocompromised disease
or those who had received cardiopulmonary resuscitation and those who has been intubated.

2.2. Clinical Data and Specimen Collection

Detailed patient information was recorded including age, sex, white blood cell count (WBC) and
the percentage of segmented neutrophils which were detected at the emergency department before the
operation. The operation generally started within 3 h once the diagnosis of surgical acute abdomen
was established. During the laparotomy, 3 mL ascitic fluid from the abdominal cavity and 6 mL venous
blood was collected from patients using EDTA tubes. The ascites were collected in the most dependent
part of the abdomen or around the gall bladder. The ascites collected in the day-time were sent for
DNA extraction immediately and the ascites collected in the night-time were stored at −80 ◦C until
the next day’s morning for DNA extraction. Serum was obtained from 1 mL blood, aliquoted into
300 µL microtubes, and stored at −80 ◦C for cytokine analysis. All other samples were incubated
with 400 µg of lysozyme (Sigma Aldrich, St. Louis, MO, USA) for 1 h at 37 ◦C to maximize bacterial
DNA extraction. Samples of venous blood and ascitic fluid were also sent for culturing, and the
isolated microorganisms were identified according to the standard microbiological procedures of the
hospital [28].

2.3. Cytokine Analysis

The concentrations of C-reactive protein CRP (mg/L) and procalcitonin (ng/dL) in the serum were
determined using the Bio-Plex® system (Bio-Rad, Hercules, CA, USA) according to the manufacturer’s
instructions. The serum was diluted in the ratio of 1:4 with the sample diluent and incubated at room
temperature for 30 min with 300 rpm agitation to capture antibody-coupled magnetic beads. Following
three washes, samples were incubated at room temperature for 30 min in the dark, centrifuged
at 300 rpm and a biotinylated detection antibody, streptavidin–phycoerythrin, was added in each
captured analyte and quantified using a Bio-Plex array reader.

2.4. Metagenome Analysis

2.4.1. DNA Extraction

All DNA extractions were performed with 1 mL of ascitic fluid and blood using the QIAamp
DNA Blood Mini Kit (No. 51104, Qiagen, Hilden, Germany) following the manufacturer’s protocol.
The extracted DNA was eluted with recommended volume (400 µL) of elution buffer. DNA was
isolated as per the manufacturer’s instructions. DNA concentration was measured by a Qubit® 2.0
Fluorometer (Life Technologies, Invitrogen, Carlsbad, CA, USA).

2.4.2. Amplification and Sequencing of 16S rRNA

The V3–V4 region of the bacterial 16S rRNA gene was amplified by PCR using barcoded primers
reported by Klindworth et al. [29] and fused with Illumina adapter overhang nucleotide sequences.
Primer sequences were 5′-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGNGG
CWGCAG-3′ and 5′ GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGGACTACHVGGGTAT
CTAATCC-3′. Two independent PCR reactions were performed for each sample. The products were
pooled and indexed using Illumina’s 16S Metagenomic Sequencing Library Preparation protocol
(Illumina, San Diego, CA, USA). The raw next generation sequencing (NGS) reads were first subject
to quality trimming from the 3′ end, optimized for merged paired reads and fixed length trimming,
followed by operational taxonomic unit (OTU) clustering before assigning a taxonomy [30]. The relative
abundance based on the OTU number or taxa was used for downstream comparison of richness
among groups of patients and between blood and ascites [31]. Due to possible spurious taxonomical
labeling [24], those having an OTU number less than ten in both ascites and blood in all bacterial
species were arbitrarily neglected in future analysis.
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2.5. Statistical Analysis

Data were analyzed using the R statistical package version 3.3.0. The Kolmogorov–Smirnov test
was used to ascertain the normality of the data. Non-normally distributed numeric variables were
described by the median and interquartile range (IQR). Numeric variables were compared using the
Kruskal–Wallis test to identify significantly different bacterial taxa among different groups, while
categorical variables were compared by χ2 test. Statistical significance was indicated by two-sided
p-values of <0.05. Hierarchical clustering of the isolates was performed using Ward’s method using
Euclidean distances. The Kaiser–Meyer–Olkin (KMO) index of sampling adequacy and Bartlett’s test
of sphericity were used to determine suitability of the data for dimension reduction analysis [32].
Principal components analysis (PCA) was conducted based on scree plot patterns [33] to reduce the
data to a minimum number of components that could facilitate more precise data interpretation.

3. Results

3.1. Patient Characteristics

Among the enrolled patients, one patient who had a minimal amount of 16S rRNA gene in the
ascites and two patients who were diagnosed as ileus were excluded from this study. Finally, a total of
97 patients with acute surgical abdomen were included and grouped into patients with peptic ulcer
(n = 25, which included seven gastric ulcers and 18 duodenal ulcers), cholecystitis (n = 10), small bowel
lesion (n = 9, which included five ischemic small bowels and four small bowel perforations), colon
perforation (n = 4), perforated appendicitis (n = 30, including those with gangrene), and non-perforated
appendicitis (n = 19, which thereafter was indicated as appendicitis) (Table 1). Those patients who had
perforated or non-perforated appendicitis were significantly younger than the other groups of patients;
in contrast, those patients who had peptic ulcer or colon perforation were significantly older than the
other groups of patients. No significant difference was found among groups of patients regarding sex,
WBC count, percentage of the segmented neutrophils and level of CRP and procalcitonin. General
inflammation markers such as WBC count, levels of CRP and procalcitonin failed to distinguish
specific etiology of acute surgical abdomen ranging from relatively benign conditions, such as acute
appendicitis, to more sever ailments, such as colon perforation.

3.2. Hierarchical Clustering of the Bacteria

An overview of 107 bacterial taxa identified from the ascites of patients by metagenome
analysis is shown in Supplementary Table S1. At the phylum level, bacteria were dominated by
members of Proteobacteria and Firmicutes, followed by Actinobacteria and Bacteriodetes, with Spirochaetes
and Verrucomicrobia in much lower numbers. Hierarchical cluster analysis (Figure 1) of bacterial
communities by Ward’s method using Euclidean distances showed that patients of the peptic ulcer
group had a different bacterial community.

3.3. Principal Component Analysis

Principal component analysis (PCA) was performed on the bacteria of ascites and blood to separate
patients with different etiologies of acute surgical abdomen (Figure 2). The Kaiser–Meyer–Olkin test
(KMO = 0.61) and Bartlett’s test of sphericity (χ2 = 3642, p < 0.0001) [34] were used to validate that
the chosen variables are able to obtain reliable and distinct factors. The resulting five-factor structure
with 22 bacteria explains 77% of the total variance (Figure 1). Factor loadings of variables are shown
in Figure 2. The PCA could separate the bacteria of ascites into roughly three groups: peptic ulcer,
perforated or non-perforated appendicitis, and a group which included cholecystitis, small bowel
lesion and colon perforation. However, the PCA could not separate the variation in bacteria of blood
into different groups of patients according to their etiologies of acute surgical abdomen.



J. Clin. Med. 2018, 7, 346 5 of 13

Table 1. Characteristics and inflammation profile of the patients. WBC: white blood cells.

Variables
Peptic Ulcer Cholecystitis Small Bowel Lesion Colon Perforation Perforated Appendicitis Non-Perforated Appendicitis p-Value

(n = 25) (n = 10) (n = 9) (n = 4) (n = 30) (n = 19)

Female, n (%) 9 (36%) 6 (60%) 2 (18%) 4 (100%) 12 (40%) 10 (53%) 0.09
Age (years) 70.0 (55.0–84.0) 52.5 (45.5–57.3) 58.0 (49.0–72.0) 74.5 (63.0–80.0) 37.0 (27.5–57.8) 35.0 (31.0–42.0) 0.002

WBC (103/uL) 9.4 (5.7–14.7) 12.4 (10.8–14.2) 11.6 (8.6–15.9) 10.9 (9.7–12.3) 12.4 (11.3–16.1) 13.3 (12.2–14.9) 0.20
Segment (%) 83.0 (78.0–88.4) 85.8 (82.2–87.9) 84.8 (75.6–88.0) 85.9 (78.9–91.2) 82.6 (76.5–88.2) 79.8 (76.6–84.2) 0.51

C-reactive protein (mg/L) 36.8 (2.9–99.1) 9.1 (3.9–167.3) 127.2 (47.5–240.5) 113.0 (42.2–221.3) 25.8 (18.3–55.2) 14.0 (3.8–23.0) 0.97
Procalcitonin (ng/dL) 1847.0 (11.0–3601.0) 11.3 (10.3–1895.0) 13.5 (11.0–3176.0) 12.8 (11.4–14.4) 12.0 (10.5–2743.0) 11.5 (9.5–2960.0) 0.16
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3.4. Correlation of Bacteria of Blood and Ascites

To assess whether the bacteria in the blood could indicate the bacteria that were contaminated in
the ascites, the abundance of bacteria detected in blood were compared to those detected in ascites.
The bacteria of blood and ascites were comparable in 48 of 107 bacterial taxa (see Supplementary
Table S1) and belonged to different species. At the phylum level, the similar bacteria were dominated
by members of Proteobacteria (16 taxa), Firmicutes (15 taxa), Bacteriodetes (11 taxa) and Actinobacteria
(5 taxa), with Spirochaetes (1 taxa) in much lower frequency. Depending on the criteria of identifying at
least more than 500 sequence reads in both blood and ascites, there were nine taxa showing significant
correlation, including Weeksellaceae Cloacibacterium, Aeromonadaceae, Bacteroidales, Enterobacteriaceae
Serratia, Enterococcaceae Enterococcus, Moraxellaceae Acinetobacter, Oxalobacteraceae, Pseudomonadaceae
Pseudomonas, Verrucomicrobiaceae Akkermansia (Figure 3).

3.5. Correlation of Bacteria from Metagenome Analysis and Conventional Culture Methods

Conventional cultures of 19 ascites and three blood samples showed positive results (Table 2).
These cultures of ascites and blood of patients with acute surgical abdomen showed mixed infection
with Gram-positive, Gram-negative and anaerobic bacteria and did not correlate well with those
identified from metagenome analysis. In the ascites, the correlation between metagenomic bacteria
and conventional cultures were found as Enterobacteriaceae for Escherichia coli in nine patients or
Enterobacter cloacae in one patient, Klebsiella for Klebsiella pneumoniae in two patients, Neisseria subflava
for Neisseria flavescens in one patient, Streptococcus for Streptococcus oralis in two patients or for
Streptococcus mitis in one patient, and Bacteroides fragilis for Bacteroides fragilis in two patients. In the
blood, the correlation between metagenomic bacteria and conventional cultures could be only found
as Enterobacteriaceae for Escherichia coli in one patient.

4. Discussion

In this study, the bacteria of ascites from metagenome analysis can be separated into three groups:
peptic ulcer, perforated or non-perforated appendicitis, and a group which includes cholecystitis, small
bowel lesion and colon perforation. The human appendix has been reported to harbor a robust and
varied microbiota distinct from the microbiotas in other niches within the human microbiome [35].
The bacterial growth in inflamed appendices consists of a mix of aerobic and anaerobic bacteria,
most often dominated by Escherichia coli and Bacteroides [36]. The metagenome analysis of microbial
composition of the human appendix identified Firmicutes as the dominant phylum, with additional
varied levels of Proteobacteria, Bacteroidetes, Actinobacteria and Fusobacteria [35]. Unsurprisingly, in
those patients with peptic ulcer, the bacteria from acidic environment of the stomach may be different
from those that grow in the gastrointestinal tract. It was not until the discovery of H. pylori in 1982
by Marshall and Warren that the acidic environment of the stomach was considered sterile [37].
However, many bacterial strains including Streptococcus, Neisseria, Lactobacillus and others have been
repeatedly identified from the gastric fluid [38]. Most common bacteria of the stomach mucosa belong
to the following five phyla: Actinobacteria, Bacteroidetes, Firmicutes, Proteobacteria (includes H. pylori),
and Fusobacteria [39]. In contrast, acute cholecystitis is strongly associated with retrograde bacterial
infection [13], and the bacteria are similar to those that reside in the intestine.
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Table 2. Comparison of metagenomic bacterium and conventional culture in the ascites and blood.

Ascites Culture vs. Bacterium of 16S Metagenomics

No. Diagnosis Ascites Culture Bacterium

1 Gastric ulcer Klebsiella pneumoniae Enterobacteriaceae
Streptococcus

2 Duodenal ulcer Escherichia coli
Enterobacteriaceae
Prevotella sp
Streptococcus

3 Duodenal ulcer
Neisseria flavescens
Streptococcus mitis
Streptococcus oralis

Actinobacillus parahaemolyticus
Neisseria subflava
Streptococcus

4 Duodenal ulcer Escherichia coli Enterobacteriaceae
Haemophilus parainfluenzae

5 Duodenal ulcer Viridans streprococcus
Veillonella parvula

Enterobacteriaceae
Actinobacillus parahaemolyticus

6 Duodenal ulcer Viridans streptococcus
Streptococcus salicarius Enterobacteriaceae

7 Duodenal ulcer
Klebsiella pneumoniae
Streptococcus salivarius
Staphylococcus aureus

Enterobacteriaceae
Klebsiella

8 Duodenal ulcer Streptococcus oralis Enterobacteriaceae
Streptococcus

9 Duodenal ulcer
Streptococcus salivarius
Escherichia coli
Acinetobacter

Enterobacteriaceae

10 Small bowel perforation
Escherichia coli
Enterobacter cloacae
Pseudomonas aeruginosa

Enterobacteriaceae

11 Small bowel ischemia Klebsiella pneumoniae Klebsiella

12 Small bowel ischemia
Escherichia coli
Lactobacilus
Bacteroides ovatus

Enterobacteriaceae
Prevotella copri

13 Colon perforation
Escherichia coli
Streptococcus anginosus
Bacteroides thetaiotaomicron

Enterobacteriaceae
Prevotella copri

14 Colon perforation
Escherichia coli
Streptococcus asalivarius
Klebsiella pneumoniae

Prevotella copri

15 Colon perforation Enterococcus faecium
Pseudomonas aeruginosa

Enterobacteriaceae
Lactobacillus
Prevotella

16 Perforated appendicitis
Escherichia coli
Enterococcus avium
Pseudomonas aeruginosa

Odoribacter
Rikenellaceae

17 Perforated appendicitis
Escherichia coli
Bacteroides fragilis
Bacteroides thetaiotaomicron

Enterobacteriaceae
Porphyromonas
Bacteroides fragilis

18 Perforated appendicitis
Escherichia coli
Pseudomonas aeruginosa
Bacteroides vulgatus

Porphyromonas endodontalis
Enterobacteriaceae
Bacteroides fragilis

19 Perforated appendicitis
Escherichia coli
Streptococcus anginosus
Bacteroides fragilis

Enterobacteriaceae
Porphyromonas
Bacteroides fragilis

Blood Culture vs. Bacterium of 16S Metagenomics

No. Diagnosis Blood Culture Bacterium

20 Gastric ulcer Roseomonas mucosa Enterobacteriaceae

2 Duodenal ulcer Escherichia coli Enterobacteriaceae

10 Small bowel perforation Staphylococcus Enterobacteriaceae



J. Clin. Med. 2018, 7, 346 10 of 13

The results of this study revealed that the use of a bacterial profile from the ascites to reflect on
different etiologies of acute surgical abdomen is still in its infancy and rather relies on PCA, which
consists of varied information from specific groups of bacteria. In addition, the PCA failed to separate
the variation in bacteria of blood into different groups of patients according to the different etiologies
of acute surgical abdomen. This study indicates that metagenomic diagnosis may encounter some
problems. First, the broad range of bacteria that can be detected limits the specificity of the assay.
It is also unclear whether the detected bacteria are truly clinically significant or are environmental
contaminants picked up during sample preparation. The lack of appropriate controls makes it difficult
to distinguish such environmental contaminants from clinically relevant bacteria. Second, the patients
are generally treated with antimicrobial agents before operation. Although the metagenome analysis
is based on the sequences acquired and is regardless of dead or live bacteria, the probable impact of
antibiotic use on the metagenome analysis is therefore unknown, as some information acquired from
metagenome analysis may even be related to those dead bacteria and therefore be less informative.
Third, the elapsed time from the occurrence of the disease to the harvesting of ascites or blood specimen
for metagenome analysis may vary among some etiologies of acute surgical abdomen, especially for an
illness that may have presented in an acute or subacute phase (for example, non-perforated appendicitis
and cholecystitis). In such sample, the diversity of gut microbiota is significantly decreased and
pathogenic bacteria would comprise the majority of gut microbiota [40]. At last, it has been reported
that the intestinal microbiota from adulthood through old age changes [41], and the broad range
in patient ages sustaining a varied etiology of acute surgical abdomen may lead to some bias in
the analysis of the metagenomic profile. This study indicated that there still remains a space for
improvement regarding the metagenomics analysis. Moreover, additional clinical manifestation or
additional biochemistry biomarkers may be helpful to differentiate the various etiologies of acute
surgical abdomen, such as making a difference between the cholecystitis from the perforation in
the bowel.

It has been reported that 16S metagenome analysis detects more clinically significant bacteria
than blood culture in children with severe febrile illness [24]. In a study of metagenomics analysis
of brain abscesses, all 30 culture-positive specimens are also positive for PCR experiments [42]. In a
comparative study of the bacterial pathogens from clinical specimens, it was found that metagenomics
results have a concordance rate/positive predictive value of 91.8% (56/61) when compared with
culture positive specimens [43]. The concordance rate would decrease to 77.3% (n = 75/97) when
using stringent comparison criteria for metagenomics vs. culture comparison [43]. However, in this
study, the results of metagenome analysis are only partly in accordance with those carried out from
conventional cultures. Among the 107 bacterial taxa in the ascites, 48 taxa can be found in blood
and nine taxa correlated both in the blood and ascites. We think this discordance may be partly
attributed to a comparison made under relatively stringent conditions; that is, we arbitrarily neglected
an OTU number less than ten in both ascites and blood in all bacterial species. Without some selection
criteria, the metagenomics analysis can give a wide range of organism and microbial profiles which
are difficult to interpret [43] and associated with high false-positive results [24]. Of note is the fact that
the clinical features of peritonitis are dependent more on the response of the host than on the intrinsic
virulence of the infecting flora [1]. For example, experimental studies suggest that the anaerobes play
an important role in the induction of abscess formation, whereas the aerobic Gram-negative microbes
are largely responsible for the lethality of peritonitis [44]. Some studies reported that in patients with
inflammatory bowel disease, the gut microbiota show an increase in the number of species belonging
to Proteobacteria, including E. coli [45], while the proportion of Proteobacteria in healthy human intestinal
microbiota was only 1% [46]. Therefore, of concern is not only the issue of correlation of the bacterial
taxa between blood and ascites, but the clinical meaning of the metagenome analysis also remains to
be explored.

So far, it is too early to say whether this technique would or would not replace conventional
bacterial culture. In particular, metagenomics allows the detection of full-length antibiotic resistance
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genes from the Antibiotic Resistance Database [47] or from the environmental samples of unknown
composition [48], making metagenomics analysis advantageous to provide timely and valuable
information in prescribing antibiotics or modifying antibiotic therapy in secondary peritonitis. It
is expected that, with a profound understanding of the role of the human microbiome in diseases
and their interactions, as well as inter-individual differences, the metagenome analysis will progress
immensely [49].

5. Conclusions

This study reveals that, at the current stage, metagenome analysis can only provide limited
information regarding the bacteria of ascites and blood of patients with acute surgical abdomen and,
although many questions still remain unanswered, there is plenty of scope for improvement of the
metagenome approach to profile bacteria in surgical patients with infectious diseases.
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Abstract: Background: This study aimed at assessing the effect of a low-fat diet (LFD) in obese mice
lacking toll–like receptors (Tlr) and understanding the expression and regulation of microRNAs
during weight reduction. Methods: C57BL/6, Tlr5−/−, Tlr2−/− and Tlr4−/− mice were used in this
study. A group of mice were fed with a high-fat diet (HFD) (58% kcal) for 12 weeks to induce obesity
(diet-induced obesity, DIO). Another group that had been fed with HFD for eight weeks (obese mice)
were switched to a low-fat diet (LFD) (10.5% kcal) for the next four weeks to reduce their body
weight. The control mice were fed with a standard AIN-76A diet for the entire 12 weeks. The body
weight of the mice was measured weekly. At the end of the experiment, epididymal fat weight and
adipocyte size were measured. The differentially expressed miRNAs in the fat tissue was determined
by next-generation sequencing with real-time quantitative reverse transcription polymerase chain
reaction (RT–qPCR). Target prediction and functional annotation of miRNAs were performed using
miRSystem database. Results: Switching to LFD significantly reduced the body weight and epididymal
fat mass in the HFD-fed C57BL/6 and Tlr5−/− mice but not in Tlr2−/− and Tlr4−/− mice. Weight
reduction significantly decreased the size of adipocytes in C57BL/6 but not in the Tlr knockout mice.
In Tlr2−/− and Tlr4−/− mice, feeding with HFD and the subsequent weight reduction resulted in an
aberrant miRNA expression in the epididymal fat tissue unlike in C57BL/6 and Tlr5−/−. However,
target prediction and functional annotation by miRSystem database revealed that all the top 10 Kyoto
Encyclopedia of Genes and Genomes (KEGG) database pathways of the dysregulated miRNAs during
weight reduction in the C57BL/6 mice were also found in the regulated pathways of Tlr5−/−, Tlr2−/−,
and Tlr4−/− strains. However, among these pathways, gene sets involved in arginine and proline
metabolism and glutathione metabolism were mainly involved in the Tlr knockout mice but not in the
C57BL/6 mice. Conclusions: In this study, we demonstrated that feeding of LFD leads to significant
body weight reduction in C57BL/6 and Tlr5−/− mice, but not in Tlr2−/− and Tlr4−/− mice. Significant
reduction in the size of adipocytes of epididymal fat was only found in C57BL/6, but not in Tlr5−/−,
Tlr2−/−, and Tlr4−/− mice. The dysregulated miRNAs in Tlr2−/− and Tlr4−/− mice were different
from those in C57BL/6 and Tlr5−/− strains. Among those miRNA-regulated pathways, arginine and
proline metabolism as well as glutathione metabolism may have important roles in the Tlr knockout
mice rather than in C57BL/6 mice.
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1. Introduction

Obesity is now generally recognized as a disease associated with chronic inflammation response [1–3].
Uptake of a high-fat diet leads to the synthesis and release of adipokines and proinflammatory
cytokines in the adipose tissue [1]. In addition, the increased adiposity propagates the synthesis of
pro-inflammatory cytokines and presents a negative impact on the liver [4], muscle [5], and bone [5,6].
These associated inflammatory responses were demonstrated as important mechanisms mediating
insulin resistance and hepatic steatosis [7,8]. There is convincing evidence that these pathways are
related to the activation of toll-like receptors (Tlrs) [3,9,10], which are pattern-recognition receptors
that detect microbial components to provide the first line of host defense against infections [11–13].
Upon stimulation, the Tlrs recruit the interleukin-1 receptor (IL1R1)-associated protein kinases that are
linked with downstream nuclear factor –kappa B (NF-κB) activation and upregulated expression of
cytokines and chemokines via MyD88-dependent and -independent cascades [11–14]. The extent of
the obesity-induced upregulation of most Tlr genes and related proinflammatory signaling cascades
is much greater in the epididymal adipose tissues than in the subcutaneous fat tissues of mice with
diet-induced obesity (DIO) [14].

The obesity induced by a high-fat diet is associated with an increased expression of Tlr1–9 and
Tlr11–13 in the adipose tissues [14]. Mice fed with a high-fat diet (HFD) have an elevated level of free
fatty acids (FFAs), which further activates the expression of Tlr2 [15–17], Tlr4 [15,17–20], and Tlr5 [21].
Increased levels of circulating FFAs also lead to macrophage activation through Tlrs resulting in the
production of downstream proinflammatory cytokines [22]. A HFD enriched with saturated fatty acids
facilitates inflammatory response and affects insulin sensitivity [23,24]. Studies have confirmed that
non-functional Tlr2 [25–27] and Tlr4 [28–32] improved insulin sensitivity and lowered inflammation
in DIO. Furthermore, the deletion of interleukin 1 receptor-associated kinase 1 gene (Irak1) improves
glucose tolerance primarily by increasing insulin sensitivity in mice put under a HFD [33].

MicroRNAs (miRNAs) are highly conserved small non-coding RNA molecules involved in
post-transcriptional regulation of protein levels [34]. miRNAs play important roles in the regulation of
the innate immune system [35–37]. They play a pivotal role in regulating the adipocyte differentiation
as well as in the development of obesity and associated fat metabolism [38,39]. Aberrant expression
of miRNAs has been observed in adipose tissues in HFD-induced obese mice [40]. For example,
increased miR-143 in the mesenteric fat tissue of HFD-fed mice was found to be involved in the
pathophysiology of obesity and contributed to the regulation of gene expression in adipocytes [41,42].
Ectopic expression of miR-103 in pre-adipocytes has been demonstrated to accelerate adipogenesis [41].
Deregulation of miR-33 and miR-122, the major regulators of lipid metabolism in liver, has been
related to obesity and metabolic syndrome [43]. MiR-34a inhibits brown fat formation in obesity [44];
the miR-34a knockout mice are more susceptible to DIO [45]. The experiment with an adipocyte-specific
knockout of miR-200b/a/429 cluster demonstrated the essential role of the gene cluster in the regulation
of metabolic changes induced by HFD in the whole body. [46]. In contrast, an inactive miR-155 prevents
DIO and increases adipogenesis and insulin sensitivity, while limiting inflammation in the adipose
tissue [47]. Ablation of miR-155 also leads to decreased atherosclerosis, increased non-alcoholic fatty
liver disease and accumulation of white adipose tissue [48]. The gene miR-378 is one of the pivot
regulatory factors in controlling the expansion of brown adipose tissue [49]. The knockout of miR-378
and miR-378* in mice resulted in enhanced mitochondrial fatty acid metabolism, elevated oxidative
capacity of the target tissues of insulin, and increased resistance to HFD-induced obesity [50].

To treat DIO and its related metabolic disorders, decreasing the intake and increasing the
expenditure of energy have been commonly recommended [51]. Calorie restriction is effective in
decreasing both body weight and body fat percentage [52]. Switching from HFD to low-fat diet
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(LFD) can effectively reduce body weight and improve insulin sensitivity [53]. Evidence collected
from these inbred mouse strains suggests that the detrimental effects of HFD in metabolism are
strain-dependent [54,55]. However, currently there is little information on the effect of LFD on obese
mice with inactive Tlr and on the expression and regulation of miRNAs during the process of weight
reduction. In this study, we aimed to investigate the effect of LFD on Tlr5, Tlr2, and Tlr4 knockout
mice with DIO compared to the standard C57BL/6 mice with DIO.

2. Materials and Methods

2.1. Animal Experiments

Eight-week-old male mice weighing 20–25g were used in the study. C57BL/6 mice were purchased
from BioLasco (Taipei, Taiwan). Tlr gene knockout mice-Tlr5−/− (B6.129S1-Tlr5tm1Flv/J), Tlr2−/−

(B6.129-Tlr2tm1Kir/J), Tlr4−/− (C57BL/10ScNJ) were purchased from Jackson Laboratory (Bar Harbor,
ME, USA). All these Tlr-knockout mice have a C57BL/6 genetic background and the C57BL/6 mice
are suggested to be the most appropriate controls by Jackson Laboratory. The animal experiment was
performed after the protocols were approved by the Institutional Animal Care and Use Committee
(IACUC) of Kaohsiung Chang Gung Memorial Hospital. AIN-76A is a standard reference diet that
is formulated by a committee of the American Institute of Nutrition for rodents throughout the
biomedical research community [56]. The C57BL/6 mouse will develop obesity and diabetes if raised
on a high-fat diet, and this obesity could be completely reversed by reducing dietary fat [57–59].
In this study, 24 mice of each strain were randomly assigned to three subgroups (n = 8) as follows:
(1) the control in which mice were fed ad libitum the standard diet, AIN-76A (with 11.5% kcal fat)
for 12 weeks, (2) the DIO in which mice were induced obesity by feeding ad libitum a HFD with
58% kcal fat (D12331; Research Diets Inc., New Brunswick, NJ, USA) for 12 weeks, and (3) the diet
in which mice were induced obesity by feeding ad libitum the same HFD (D12331) for eight weeks
and thereafter fed a LFD with 10.5% kcal fat (D12329; Research Diets Inc., New Brunswick, NJ, USA)
for four weeks to lose weight. Weight was recorded weekly. At the twelfth week of the experiment,
the mice were euthanized, and the epididymal fat pads of each mouse was immediately dissected,
weighed, and frozen in liquid nitrogen and stored at −80 ◦C prior to further analysis. The study was
conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics
Committee of Chang Gung Memorial Hospital Center for Laboratory Animals. (Project identification
code 2012091002). The housing and feeding of the mice were carried out in a specific pathogen free
(SPF) facility accredited by the Association for Assessment and Accreditation of Laboratory Animal
Care (AAALAC) and in accordance with the national and institutional guidelines.

2.2. Histological Examination

Three 5 µm-thick sections, 50 µm apart, were taken from the same paraffin-embedded fat
specimen obtained from each mouse. The sections were stained with hematoxylin and eosin (H&E).
The microscopic fields at 200× magnification for each section were photographed and 100 adipose
cells in the central field were randomly selected to measure the adipocyte size using Image-Pro Plus
image analysis software version 6.0 (Carl Zeiss, Oberkochen, Germany). The size of adipocytes was
expressed in terms of square micrometers.

2.3. Deep Sequencing of Small RNA

Total RNA was extracted from epididymal fat pads using the mirVana™ miRNA isolation
kit (Life Technologies, Grand Island, NY, USA). The purified RNA yield was determined by the
absorbance at 260 nm with an SSP-3000 Nanodrop spectrophotometer (Infinigen Biotechnology,
Inc., City of Industry, CA, USA), and the quality was evaluated using Bioanalyzer 2100 (Agilent
Technologies, Santa Clara, CA, USA). The small RNA samples were sent to Genomics Biotech Co., Ltd.
(Genomics, Taiwan) for small RNA cloning and sequencing. The population of miRNAs with a length
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of 15–30 nucleotides was passively eluted from polyacrylamide gels. The RNA was then precipitated
with ethanol (TCI, Taipei, Taiwan) and dissolved in water. Linkers were ligated to the small RNAs and
bar-coded cDNAs were prepared using a TruSeq Small RNA Sample Prep Kit (Illumina, San Diego,
CA, USA) following the manufacturer’s instructions. Subsequently, adapters were ligated to the
end-repaired cDNA fragments using T4 DNA ligase (New England BioLabs, Ipswich, MA, USA)
at room temperature for 15 min. Adapter-ligated RNA was reverse-transcribed with SuperScript II
Reverse Transcriptase (Invitrogen, Carlsbad, CA, USA), amplified using polymerase chain reaction
(PCR), and purified to make a cDNA library with cDNAs approximately 200 bp in size. For each
subgroup, the bar-coded PCR products from four mice were pooled to get a quantity more than 2 µg.
A total of 12 samples were sent for sequencing using Illumina HiSeq2000 Sequencer (Illumina) with
50 bp single-end read sequencing cycles. The generated next generation sequencing (NGS) data of
each sample were analyzed with miRSeq reagent kit v3 (Illumina) [60] with default parameters to
quantify the expression of Mus musculus miRNAs using miRBase v.21.0 (Illumina).

2.4. Determination of Differentially Expressed miRNA

We employed real-time quantitative reverse transcription polymerase chain reaction (RT–qPCR) to
determine the expression profiles of sixteen miRNAs selected from NGS analysis. Out of these miRNAs,
those which fit the following criteria were considered: (1) there are >500 sequence reads of the miRNA
in at least one of the 12 samples (from the three subgroups among the four mouse strains) as shown
by the NGS analysis, (2) the miRNA shows a fold change >2.0 or <0.5 with p < 0.05 (these miRNAs
were considered as differentially expressed in DIO or under diet in a mouse strain). Each RNA
sample was reverse transcribed to cDNA by using TaqMan® MicroRNA Reverse Transcription Kit
(Applied Biosystems, Foster City, CA, USA) according to the manufacturer’s instructions. For this,
the PCR products were mixed with the TaqMan Universal PCR Master Mix (No UNG, PN 4324018,
Applied Biosystems, Foster city, CA, USA) and specific miRNA primers from the TaqMan MicroRNA
Assays (Applied Biosystems), with the expression of U6 small nuclear RNA as an internal control.
The following TaqMan MicroRNA Assays were used in this study: mmu-miR-101b-3p, mmu-miR-103-3p,
mmu-miR-10a-5p, mmu-miR-122-5p, mmu-miR-140-3p, mmu-miR-145a-5p, mmu-miR-192-5p, mmu-miR-1a-3p,
mmu-miR-22-3p, mmu-miR-23a-3p, mmu-miR-30a-5p, mmu-miR-3107-5p, mmu-miR-34c-5p, mmu-miR-378a-3p,
mmu-miR-486-5p, and mmu-miR-92a-3p. Each sample for RT–qPCR was run in triplicate by a 7500 real-time
PCR system (Applied Biosystems). Expression of a miRNA in each subgroup under each strain was
considered differentially regulated if the mean value of all the samples (n = 6 for each subgroup) was
different from that of its control by more than two fold (p-value < 0.05). The induction was expressed
as fold change in miRNA expression relative to that in the C57BL/6 control.

2.5. Target Prediction and Functional Annotation of Differentially Expressed miRNA

To evaluate functions of differentially expressed miRNAs during dieting, target prediction and
functional annotation were performed using the miRSystem database, which is a web-based system
that integrates seven well-known miRNA target gene prediction programs: DIANA-microT web server
v5.0 (http://www.microrna.gr/webServer), miRanda, miRBridge, PicTar, PITA, rna22, and TargetScan
and two experimentally validated databases, TarBase and miRecords (http://mirsystem.cgm.ntu.
edu.tw/) [61]. The miRSystem can identify the biological functions/pathways regulated by miRNAs
based on the enriched functions of their target genes [61]. The analysis parameters in miRSystem
were set as following: (1) hit frequency = 5, (2) observed to expected (O/E) ratio = 2, (3) minimal
size of genes annotated by ontology term for testing >50, and (4) pathways matched should be from
Kyoto Encyclopedia of Genes and Genomes (KEGG) database [62]. The ratio of the values from the
experimental group to those from the control group for queried miRNAs were used to make a weighted
pathway ranking score to identify the enriched biological functions.

http://www.microrna.gr/webServer
http://mirsystem.cgm.ntu.edu.tw/
http://mirsystem.cgm.ntu.edu.tw/
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2.6. Statistical Analysis

All experimental data were expressed as the mean ± standard error of the mean. Using SPSS 22
(IBM, Armonk, NY, USA) software, intergroup comparison was performed using analysis of variance
(ANOVA) with a Bonferroni post hoc correction to identify significant differences in body weight,
weight of fat tissue, and adipocyte size. p-values < 0.05 were considered significant.

3. Results

3.1. Body Weight Reduction by Low-Fat Diet (LFD)

Compared to the regular chow, more body weight was gained by mice of all strains when fed
with the HFD. In week 12, the difference in body weight between the DIO and the control groups was
found to be 10.8 g in C57BL/6 mice (38.3 ± 2.0 vs. 27.5 ± 1.6 g, Figure 1A), 15.6 g in Tlr5−/− mice
(46.1 ± 1.6 vs. 30.5 ± 1.9 g, Figure 1B), 12.1 g in Tlr2−/− mice (40.0 ± 2.2 vs. 27.9 ± 2.4 g, Figure 1C),
and 9.7 g in Tlr4−/− mice (40.1 ± 1.9 vs. 30.4 ± 2.5 g, Figure 1D). The Tlr5−/− mice gained significantly
more weight than the mice of other strains when put under the HFD (p < 0.001). The feeding of LFD
significantly reduced the body weight of HFD-fed C57BL/6 and Tlr5−/− mice as observed in week
3 under LFD. After four weeks of feeding LFD, there was reduction in the body weight by 8.4 g in
C57BL/6 mice and 9.9 g in Tlr5−/− mice. In contrast, the feeding of LFD for four weeks did not result
in a significant body weight between the DIO and diet groups throughout the experiment in Tlr2−/−

and Tlr4−/− mice, albeit the body weight of the diet group of these strains was less than that in the
DIO group.
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3.2. Adiposity in Response to Body Weight Reduction

Compared to those fed with the regular chow, the mice of all strains fed with HFD for 12 weeks
showed an increase in the average epididymal fat mass, with average 1.6 g increase in C57BL/6,
2.4 g in Tlr5−/−, 1.7 g in Tlr2−/−, and 1.5 g in Tlr4−/− (Figure 2A). Feeding of LFD for four weeks
significantly decreased the epididymal fat mass in C57BL/6 and Tlr5−/− mice. However, switching
to LFD did not result in a significant reduction of epididymal fat mass in Tlr2−/− and Tlr4−/− mice.
Histological examination of the epididymal fat (Figure 2B) revealed that the adipocytes in DIO were
significantly larger than those in the control in all strains (Figure 2C). After switching to LFD for four
weeks, there was significant reduction in the size of adipocytes in C57BL/6, but not in the Tlr5−/−,
Tlr2−/−, and Tlr4−/− mice. Adipocyte hypertrophy was still found in the epididymal fat pads in all
the Tlr knockout mice.
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Figure 2. (A) The weight of epididymal fat pad, (B) hematoxylin and eosin stained 5 µm section of
paraffin-embedded epididymal fat pad of C57BL/6 and Tlr knockout mice in the control and DIO
groups, obtained on the twelfth week, (C) size of adipocytes in C57BL/6 and Tlr knockout mice.
* p < 0.05 vs. control. # p < 0.05 vs. DIO.

3.3. Expression of miRNAs in the Epididymal Fat

To profile the miRNAs expressed in the epididymal fat pads during DIO, 12 libraries generated
from pooling small RNAs were applied to NGS analysis. The number and proportions of the categories
of small RNAs found are given in the supplemental Table S1. After filtering the low-quality sequences,
empty adaptors and single-read sequences, the selected reads from these libraries mapped well to
the mice genome, amounting to 77.04% and 83.72% of the total reads, with miRNAs comprising
from 72.03% to 83.72% of the total reads. There were 147 differentially expressed, known miRNAs
disclosed by the NGS with >500 sequence reads, found in at least one of the samples. The clustering
of these dysregulated miRNAs revealed that the abundance of these miRNAs were widely varied
especially in the epididymal fat pads of Tlr2−/− and Tlr4−/− mice. However, the miRNAs found
dysregulated in Tlr2−/− and Tlr4−/− mice were different from those in C57BL/6 and Tlr5−/− strains
(Figure 3). Sixteen significantly dysregulated miRNAs revealed from different strains were further
analyzed by RT–qPCR. The results revealed that in the epididymal fat pads of C57BL/6 mice there was a
significantly reduced expression of miR-122-5p and miR-145a-5p after HFD feeding, and after four weeks
of feeding LFD, further significant downregulation of miR-145a-5p but upregulation of miR-10a-5p,
miR-122-5p, and miR-1a-3p, with around 3.3, 8.5 to 2.0-fold expression respectively resulted (Figure 4A).
In Tlr5−/− mice, there was only one dysregulated miRNA. Expression of miR-122-5p was significantly
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decreased after HFD feeding but increased under diet (Figure 4B); a similar pattern was found in all
strains-C57BL/6, Tlr5−/−, Tlr2−/− (Figure 4C), and Tlr4−/− (Figure 4D). In Tlr2−/− and Tlr4−/−

mice, the HFD feeding resulted in more dysregulated miRNAs in the epididymal fat pads. As shown
in Figure 4C, the feeding of Tlr2−/− mice with LFD for four weeks resulted in downregulation of
miR-10a-5p (0.4-fold), miR-1a-3p (0.5-fold), and miR-34c-5p (0.5-fold) but upregulation of miR-122-5p
(2.9-fold) and miR-378a-3p (2.4-fold). In addition, the feeding of Tlr4−/− mice (Figure 4D) with LFD
for four weeks resulted in the upregulation of miR-10a-5p (2.1-fold), miR-122-5p (3.7-fold), miR-145a-5p
(2.5-fold), miR-192a-5p (2.6-fold), miR-23a-3p (3.6-fold), and miR-378a-3p (2.3-fold).

Figure 3. Unsupervised clustering of the dysregulated miRNAs of C57BL/6 and Tlr knockout mice in
the control and DIO groups, obtained on the twelfth week.

Nutrients 2018, 10, x FOR PEER REVIEW  7 of 18 

in Figure 4C, the feeding of Tlr2−/− mice with LFD for four weeks resulted in downregulation of miR-
10a-5p (0.4-fold), miR-1a-3p (0.5-fold), and miR-34c-5p (0.5-fold) but upregulation of miR-122-5p (2.9-
fold) and miR-378a-3p (2.4-fold). In addition, the feeding of Tlr4−/− mice (Figure 4D) with LFD for four 
weeks resulted in the upregulation of miR-10a-5p (2.1-fold), miR-122-5p (3.7-fold), miR-145a-5p (2.5-
fold), miR-192a-5p (2.6-fold), miR-23a-3p (3.6-fold), and miR-378a-3p (2.3-fold). 

 
Figure 3. Unsupervised clustering of the dysregulated miRNAs of C57BL/6 and Tlr knockout mice in 
the control and DIO groups, obtained on the twelfth week. 

 
Figure 4. Expression of dysregulated miRNAs in real-time quantitative reverse transcription 
polymerase chain reaction (RT–qPCR) in the DIO group of C57BL/6 (A), Tlr5−/− (B), Tlr2−/− (C), and 
Tlr4−/− (D) mice after weight reduction. * increase expression with p < 0.05 # decrease expression with 
p < 0.05.  

Figure 4. Expression of dysregulated miRNAs in real-time quantitative reverse transcription
polymerase chain reaction (RT–qPCR) in the DIO group of C57BL/6 (A), Tlr5−/− (B), Tlr2−/− (C),
and Tlr4−/− (D) mice after weight reduction. * increase expression with p < 0.05 # decrease expression
with p < 0.05.
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Table 1. The top 10 Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways involved in weight
reduction in C57BL/6, Tlr5, Tlr2, Tlr4 mice.

Term Term ID Total Genes
of the Term

Union Targets
in the Term

Mirnas in
the Term Score

C57BL/6
T CELL RECEPTOR SIGNALING PATHWAY 4660 109 7 3 1.869

AXON GUIDANCE 4360 131 10 4 1.671
FOCAL ADHESION 4510 197 11 3 1.436

CELL ADHESION MOLECULES (CAMS) 4514 149 4 3 1.428
ENDOCYTOSIS 4144 219 12 4 1.416

REGULATION OF ACTIN CYTOSKELETON 4810 215 11 4 1.379
RENAL CELL CARCINOMA 5211 71 7 2 1.133

WNT SIGNALING PATHWAY 4310 153 9 4 1.065
VEGF SIGNALING PATHWAY 4370 76 4 3 0.998
ERBB SIGNALING PATHWAY 4012 87 5 3 0.941

TLR5-KO
T CELL RECEPTOR SIGNALING PATHWAY 4660 109 2 1 1.864

AXON GUIDANCE 4360 131 2 1 1.719
CELL ADHESION MOLECULES (CAMS) 4514 149 2 1 1.62

FOCAL ADHESION 4510 197 2 1 1.41
REGULATION OF ACTIN CYTOSKELETON 4810 215 2 1 1.346

ENDOCYTOSIS 4144 219 2 1 1.333
ARGININE AND PROLINE METABOLISM 330 53 1 1 1.087

GLUTATHIONE METABOLISM 480 54 1 1 1.079
GLYCOLYSIS GLUCONEOGENESIS 10 60 1 1 1.038

RENAL CELL CARCINOMA 5211 71 1 1 0.973

TLR2-KO
ARGININE AND PROLINE METABOLISM 330 53 2 2 1.171

GLUTATHIONE METABOLISM 480 54 2 2 1.164
T CELL RECEPTOR SIGNALING PATHWAY 4660 109 8 4 1.106

AXON GUIDANCE 4360 131 9 4 1.098
FOCAL ADHESION 4510 197 13 3 1.049

REGULATION OF ACTIN CYTOSKELETON 4810 215 14 4 1.018
ENDOCYTOSIS 4144 219 11 4 0.975

RENAL CELL CARCINOMA 5211 71 8 3 0.888
CELL ADHESION MOLECULES (CAMS) 4514 149 7 4 0.875

WNT SIGNALING PATHWAY 4310 153 10 4 0.749

TLR4-KO
ADHERENS JUNCTION 4520 74 12 4 2.242

ARGININE AND PROLINE METABOLISM 330 53 2 2 1.931
GLUTATHIONE METABOLISM 480 54 2 2 1.864

PATHWAYS IN CANCER 5200 323 21 4 1.808
WNT SIGNALING PATHWAY 4310 153 14 5 1.802

AXON GUIDANCE 4360 131 11 5 1.669
REGULATION OF ACTIN CYTOSKELETON 4810 215 15 5 1.504

PROSTATE CANCER 5215 89 10 3 1.363
FOCAL ADHESION 4510 197 12 4 1.265

MAPK SIGNALING PATHWAY 4010 271 16 5 1.22

3.4. Target Prediction and Functional Annotation of Dysregulated miRNAs

For target prediction and functional annotation, the interaction between major susceptible genes
and characteristic dysregulated miRNAs was determined using the miRSystem. In the LFD-fed
C57BL/6, Tlr5−/−, Tlr2−/−, and Tlr4−/− mice, results indicated that 301, 37, 340, and 447 putative
targets, respectively, were regulated by these dysregulated miRNAs (Supplemental Table S2). Among
these targets, O/E ratios of 45, 35, 33, and 32 targets respectively were more than 2.0. Functional
annotation showed that these targets were significantly enriched in 27, 26, 17, 48 pathways that scored
more than 0.5 (Supplemental Table S3) in the LFD-fed C57BL/6 (Figure 5), Tlr5−/− (Figure 6), Tlr2−/−

(Figure 7), and Tlr4−/− (Figure 8) mice, respectively. In C57BL/6 mice, the top 10 KEGG pathways
involved in weight reduction included (1) T-cell receptor signaling pathway, (2) axon guidance, (3) focal
adhesion, (4) cell adhesion molecules, (4) endocytosis, (5) regulation of actin cytoskeleton, (6) renal
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cell carcinoma, (7) WNT signaling pathway, (8) VEGF signaling pathway, and (10) ERBB signaling
pathway (Table 1). All these ten pathways were also found associated with LFD feeding in the Tlr5−/−,
Tlr2−/−, and Tlr4−/− strains. The top six pathways were the same in C57BL/6 and Tlr5−/− mice and
most of the regulated pathways in C57BL/6 were also found in Tlr5−/−, Tlr2−/−, and Tlr4−/− strains.
Notably, among those top ten pathways, the pathways of arginine and proline metabolism as well
as glutathione metabolism were not found involved in C57BL/6 mice but was shown to be the top
one and two pathways in Tlr2−/− mice, top two and three pathways in Tlr4−/− mice, and top seven
and eight pathways in Tlr5−/− mice. In addition, the pathway associated with adherens junction was
involved in Tlr4−/− mice but not in the other strains.
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4. Discussion

From the metabolic point of view, the visceral fat tissues are highly active tissues [63,64].
With increased production of adipokines and cytokines, the excess adipose tissues are mostly
responsible for the manifestation of associated metabolic complications [65]. It is believed that the
benefits of weight loss are attributed to the decreased secretion of inflammatory cytokines by the
adipocytes [66–68]. Additionally, as the big adipocytes are more prone to rupture, they become a focus
of inflammation, as indicated by the positive correlation between adipocyte size and inflammatory
cytokines reported in a study [69]. In this study, switching to a LFD significantly reduced the body
weight and epididymal fat mass of HFD-fed C57BL/6 and Tlr5−/− mice but not of the Tlr2−/− and
Tlr4−/− mice. Weight-reduction with LFD resulted in a different effect on the size of adipocytes in
epididymal fat pads in C57BL/6 mice compared to the mice lacking Tlr5, Tlr2, and Tlr4 genes.

The study analyzed 16 significantly dysregulated miRNAs from NGS analysis with RT–qPCR
and revealed that feeding LFD upregulated miR-10a-5p, miR-122-5p, and miR-1a-3p in the epididymal
fat tissue of C57BL/6 mice. In Tlr5−/− mice, only miR-122-5p was upregulated. In contrast, in Tlr2−/−

and Tlr4−/− mice, LFD feeding resulted in more aberrant expression of miRNAs. In this study,
the abundance of these miRNAs widely varied among the experimental samples from different mouse
strains; the miRNA expression pattern in the epididymal fat of Tlr2−/− and Tlr4−/− mice was quite
different from that in C57BL/6 and Tlr5−/− mice. Among these miRNAs, miR-122 has recently been
revealed as one of the key regulators of lipid metabolism [43,70]. Elevated circulating miR-122 was
found be to positively associated with obesity and insulin resistance in young human adults [71]
and in a murine model of obesity [72]. As noted, the expression of miR-122-5p was significantly
decreased after HFD feeding but increased under the diet in mice of all strains. MiR-378a regulates
energy homeostasis and enhances adipogenesis by targeting mitogen-activated protein kinase 1 [73,74]
and acts as a pivot regulatory factor for controlling the expansion of the brown adipose tissue [49].
Inhibition of miR-378a expression attenuated lipolysis and decreased the expression of lipolytic genes,
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while over-expression of miR-378a increased the expression of lipolytic regulators [75]. In addition,
the expression of miR-103-3p and miR-1a has been reported to regulate the genes related to glucose and
fatty acid metabolism [76] and miR-23a-3p, to be associated with obesity and insulin resistance [77].
However, no related reports regarding the miR-10a-5p, miR-145a-5p, miR-192a-5p, and miR-34c with
obesity or adipogenesis had been reported earlier.

Regardless of the varied miRNA expression in mice of different strains in association with
feeding LFD, target prediction and functional annotation by the miRSystem database showed that
targets of these miRNAs were significantly enriched in similar KEGG pathways in all these mice.
The top 10 KEGG pathways involved in weight reduction in C57BL/6 mice were also involved
in the Tlr5−/−, Tlr2−/−, and Tlr4−/− mice. The top six pathways were same between C57BL/6
and Tlr5−/− mice and most of the regulated pathways in C57BL/6 could also be found in that
of Tlr5−/−, Tlr2−/−, and Tlr4−/− mice. These results implied that there were common pathways
involved in the physiological response during weight reduction regardless of the mouse strains.
Interestingly, gene sets for the pathways of arginine and proline metabolism as well as glutathione
metabolism were found involved in the Tlr knockout mice but not in C57BL/6 mice. This leads to the
question whether these gene sets play an important role in the manifestation of different effects in
C57BL/6 and Tlr knockout mice during the weight reduction with LFD. The association of arginine
and glutathione with obesity has been widely studied. As the nitrogenous precursor of nitric oxide
(NO), L-arginine regulates multiple metabolic pathways involved in adipogenesis [78]. Available
evidence shows that physiological levels of arginine and NO decrease fat synthesis and promote the
oxidation of fat in a tissue-specific manner [79]. L-arginine has been reported to prevent body fat
accumulation in DIO by regulating pancreatic β-cell physiology [80]. Supplementation of arginine
reduces adiposity and improves glucose tolerance in obese rodents and humans [81]. In genetically
obese rats, additive arginine promotes gut hormone release with reduced intake of the food [82] and
decreases the white fat mass [83]. Furthermore, the link between obesity and oxidative stress has
long been recognized. Excessive accumulation of reactive oxygen species in adipose tissue has been
implicated in the development of insulin resistance and type 2 diabetes [84]. Glutathione represents
the major thiol-disulfide redox system within all cell types [85]. Plasma concentration of glutathione
decreases in obesity [86]. In contrast, diet restriction affected gene sets involved in glutathione and
fatty acid metabolism [87]. Specifically the depletion of glutathione in adipocytes exhibited restricted
adipose expansion associated with increased ectopic lipid accumulation and deteriorated insulin
sensitivity [88]. Depletion of glutathione also induces fat remodeling [89], enhances insulin sensitivity,
and prevents obesity by HFD [90].

TLRs are powerful molecular regulators by which the immune system may sense the environment
and protect the host from invading pathogens [91] or endogenous threats [92]. Tlr2 recognizes a
variety of bacterial components from Gram positive bacteria [93] and zymosan in the cell membrane
fungus [94]. Tlr4 is activated by the bacterial cell wall components such as lipopolysaccharide [39].
Activation of Tlr2- and Tlr4- signaling pathways in host cells were shown to play a key role in
cytokine secretion to eliminate the infectious organisms [91]. Tlr5 recognizes bacterial flagellin and
is a transmembrane protein that is highly expressed in the intestinal mucosa [11,12]. Activation of
Tlr5 signaling leads to a proinflammatory response with the production of IL-17 and IL-22 that in
turn promote the clearance of pathogens [95]. In addition, in pathological conditions, endogenous
ligands are passively and actively released by the cells and, interacting with specific TLRs (Tlr2 and
Tlr4 in particular), they can regulate the inflammatory response in the tissue [92]. Evidence for the
connection between the overall gut microbial composition and obesity had been reported [96,97].
Microbiota plays an important role in the complex network of obesity and metabolic disorders. HFD
and bacteria interact to promote early inflammatory changes in the intestine and this contributes to
the susceptibility to obesity [98]. Development of obesity in mice, due to genetic susceptibility or
induction by diet is associated with dramatic changes in the composition and metabolic function of the
microbiota [99]. The interesting question of whether there is an association between the microbiota
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and the different phenotype manifestations in the Tlr knockout mice during weight reduction, was not
explored in this study. Further investigation on this may provide more information about the different
responses of C57BL/6 and Tlr knockout mice to weight reduction by LFD.

5. Conclusions

In this study, we demonstrated that feeding of LFD leads to significant body weight reduction in
DIO mice established by feeding with the HFD in the mice strains of C57BL/6 and Tlr5−/−, but not in
the mice strains of Tlr2−/− and Tlr4−/−. Significant reduction in the size of adipocytes of epididymal
fat was only found in C57BL/6, but not in Tlr5−/−, Tlr2−/−, and Tlr4−/− mice. The dysregulated
miRNAs in Tlr2−/− and Tlr4−/− mice were different from those in C57BL/6 and Tlr5−/− strains.
Among those miRNA-regulated pathways, arginine and proline metabolism as well as glutathione
metabolism may have important roles in the Tlr knockout mice rather than in C57BL/6 mice.
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AbstrACt
Objectives This study aimed to build and test the models 
of machine learning (ML) to predict the mortality of 
hospitalised motorcycle riders.
setting The study was conducted in a level-1 trauma 
centre in southern Taiwan.
Participants Motorcycle riders who were hospitalised 
between January 2009 and December 2015 were 
classified into a training set (n=6306) and test set (n=946). 
Using the demographic information, injury characteristics 
and laboratory data of patients, logistic regression (LR), 
support vector machine (SVM) and decision tree (DT) 
analyses were performed to determine the mortality of 
individual motorcycle riders, under different conditions, 
using all samples or reduced samples, as well as all 
variables or selected features in the algorithm.
Primary and secondary outcome measures The 
predictive performance of the model was evaluated based 
on accuracy, sensitivity, specificity and geometric mean, 
and an analysis of the area under the receiver operating 
characteristic curves of the two different models was 
carried out.
results In the training set, both LR and SVM had a 
significantly higher area under the receiver operating 
characteristic curve (AUC) than DT. No significant 
difference was observed in the AUC of LR and SVM, 
regardless of whether all samples or reduced samples 
and whether all variables or selected features were used. 
In the test set, the performance of the SVM model for all 
samples with selected features was better than that of all 
other models, with an accuracy of 98.73%, sensitivity of 
86.96%, specificity of 99.02%, geometric mean of 92.79% 
and AUC of 0.9517, in mortality prediction.
Conclusion ML can provide a feasible level of accuracy in 
predicting the mortality of motorcycle riders. Integration of 
the ML model, particularly the SVM algorithm in the trauma 
system, may help identify high-risk patients and, therefore, 
guide appropriate interventions by the clinical staff.

bACkgrOund
Motorcycle use is popular in numerous cities 
because it is a less expensive and convenient 

means of transportation. However, despite 
the less travel time, motorcycle riders who 
are involved in road traffic accidents tend 
to have a significantly high morbidity and 
mortality rate. Compared with other riders 
of motor vehicles, motorcycle riders are eight 
times more likely to be injured per vehicle 
mile,1 and they are also 30 times more likely 
to die in a motor vehicle crash2 and 58 times 
more likely to be killed on a per-trip basis.3 
In Taiwan, motorcyclist fatalities account for 
nearly 60% of all driving fatalities,4 which are 
often associated with gender (men), advanced 
age, lack of helmet use, unlicensed status and 
driving under the influence of alcohol.5–9 In 
addition, head injury is the leading cause of 
mortality, followed by thoracic and abdom-
inal injuries.6–9 

Identifying patients who are at high risk 
is important for the integration of trauma 
management to maximise resources and 
improve quality of care.10 11 More robust and 
accurate individual predictions of mortality 
using better models might provide clinicians 
with more precise information about the 
likelihood of good or poor outcomes and 
improve individual trauma and mortality 

strengths and limitations of this study

 ► This study first used machine learning to predict the 
mortality risk of motorcycle riders.

 ► The support vector machine model generally works 
like a black box and cannot identify the relationship 
between mortality and various explanatory variables.

 ► The incomplete records of patients and exclusion 
of those who were declared dead in the trauma 
registry system could cause result bias.

 ► The single-centre setting may limit the 
generalisability of the results.
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management.12 To identify the possibility of mortality, 
the Trauma and Injury Severity Score (TRISS) is 
frequently used, which was established in 1987, to esti-
mate the survival probability of an individual patient 
with trauma based on logistic regression (LR) analysis 
of variables, including age, anatomical variable (Injury 
Severity Score; ISS), physiological variable (Revised 
Trauma Score) and different coefficients for blunt 
and penetrating injuries. However, TRISS has limita-
tions and fails to determine an accurate classification 
in 15%–30% of patients with trauma.13 Even after the 
incorporation of other or revised predictors, such as 
blood pressure,14 comorbidities and separate categories 
for different age groups,15 into this model, the addition 
of more predictors to the basic TRISS model did not 
always result in higher performance.16–18 Although the 
revised TRISS derived from the USA National Trauma 
Database for trauma systems is inaccurate, particularly 
in the management of predominantly blunt injuries,19 
further development of the model based on advanced 
methodological quality, performance in the subsets of 
patient groups and practical application is required for 
the prediction of mortality.16

Currently, machine learning (ML) had been success-
fully applied in real-life settings in several fields of study, 
including automatic medical diagnostics and person-
alised healthcare.20–22 The application of supervised ML 
methods to aid diagnosis and prognosis in patients with 
trauma has been a topic of interest. ML is based on how 
the human brain approaches pattern recognition tasks, 
thus providing an artificial intelligence-based approach 
to solve classification problems and improving their effi-
ciency over time.23 The usefulness of ML is bolstered by 
the versatility of its techniques and utility for artificial 
intelligence, such as prediction, classification, planning, 
recognition and clustering.23 24 Different learning strat-
egies were previously compared using field-specific data-
sets, of which several had a significantly better predictive 
power than the more conventional alternatives.25 Exam-
ples of multivariate techniques for pattern recognition 
include but are not limited to LR, support vector machine 
(SVM), decision tree (DT) and artificial neural networks. 
LR is a widely used and accepted statistical analysis tool 
that predicts the probability of the occurrence of an 
event.26 It aims to build a functional relationship between 
two or more independent predictors and one dependent 
outcome variable, with the assumption that the response 
variables are linearly related to the coefficients of the 
predictor variables.26

SVM uses a training set of data with one or more 
features to determine an optimal boundary that separates 
a set of cases. The binary SVM classifier establishes a set of 
optimal hyperplanes in a high-dimensional space with the 
maximal margin of the two classes.27 When all training 
points cannot be separated by the hyperplane, a soft 
margin method is used to establish a hyperplane that can 
separate the training data points.28 29 Moreover, the SVM 
model can be used for the classification of problems.30–34

DT is a hierarchical model that is composed of deci-
sion rules based on the optimal feature cut-off values that 
recursively classify independent variables into different 
groups.35–37 It has been built to search for a set of deci-
sion rules that can predict an outcome from a set of input 
variables.33 35 36 Some models are used to construct DT 
models, including classification and regression trees 
(CART), iterative dichotomiser 3 (ID3), χ2 automatic 
interaction detector DTs and C4.5 and C5.0 DTs.26 28 CART 
analysis is a combined approach based on non-parametric 
and non-linear variables for recursive partitioning anal-
ysis. In addition, it is an innovative DT model in which 
several predictive variables are used in identifying high-
risk patients in various medical fields through progressive 
binary splits to develop prediction models and to enable 
better prediction and clinical decision-making.38–40

Thus, this study aimed to establish a model for the 
mortality prediction of motorcycle riders using ML algo-
rithms based on data from a population-based trauma 
registry in a level 1 trauma centre.

MethOds
ethics statement
Requirement for informed consent was waived according 
to the institutional review board regulations.

data preparation
Detailed patient information was retrieved from the 
trauma registry system of our institution, a 2400-bed facility 
and level 1 regional trauma centre, between January 2009 
and December 2015. Only patients with trauma who 
sustained injuries from a motorcycle accident and were 
hospitalised for treatment were included in the study. 
Patient information included the following variables: 
age; sex; use of a helmet; comorbidities, such as coro-
nary artery disease (CAD), congestive heart failure, cere-
bral vascular accident, diabetes mellitus, end-stage renal 
disease and hypertension (HTN); vital signs, including 
temperature, systolic blood pressure, heart rate and respi-
ratory rate; ISS; Glasgow Coma Scale (GCS) score; Abbre-
viated Injury Scale (AIS) in the different regions of the 
body; number of injured body regions according to AIS 
(number of AIS locations); inhospital mortality and labo-
ratory values (white cell count, red blood cell and platelet 
count; haemoglobin (Hb), haematocrit (Hct), blood 
urine nitrogen (BUN), creatinine (Cr), alanine amino-
transferase (ALT), aspartate aminotransferase (AST), 
sodium (Na), potassium (K) and glucose level; and blood 
alcohol concentration) on emergency admission.

Patient samples were divided into a training sample, 
which was used for predictor discovery and supervised 
classification to generate a plausible model, and a test 
sample, which was used to test the performance of the 
model that was generated in the training sample. Patients 
with missing data were not included for further analysis. 
Those who registered within the 6-year period between 
January 2009 and December 2014 were included in the 
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training set, with a total of 6306 patients. The group was 
composed of 6161 survivors and 145 patients who died. 
In the test set, 946 patients were included, of which 923 
survived and 23 died, within the 1-year period between 
January 2015 and December 2015. The sample similarity 
was assessed based on Euclidean distance for the quan-
titative data to reduce the sample that was designed for 
data analysis.41 The sample reduction used the Euclidean 
distance of the dist function in the stats package in R (R 
Foundation for Statistical Computing, Vienna, Austria). 
During sample reduction, the data size can be reduced 
to speed up calculations in the analysis.42 However, 
considering the exploratory nature of this study, all 
samples (n=6306) and reduced samples (n=1510) in the 
training set of this study must be analysed during ML 
classification.

ML classifiers
The present study provides a performance comparison of 
the three different ML classifiers (LR, SVM and DT).

Logistic regression
The LR classifier used the glm function in the stats 
package in R V.3.3.3. Univariate LR analyses were initially 
performed to identify the significant predictor variables 
of the mortality risk. A stepwise LR analysis was carried out 
to control the effects of the confounding variables that 
help identify the independent risk factors of mortality. 
The selected independent risk factors obtained from LR 
were also used as selected features for the implementa-
tion of the SVM and DT to explain their importance in 
determining mortality risk.

Support vector machine
The SVM classifier used the  tune. svm and svm function in 
the e1071 package in R. In the training set, the SVM clas-
sifier was used for the prediction of mortality with regard 
to either all 32 variables or 12 selected features, as well 
as all samples and reduced samples in the training set. 
The mapping procedure was performed using the kernel 
function, which is a matrix of pairwise similarities between 
data points, such as a linear, polynomial or radial basis 
function (RBF).43 In the present study, the RBF kernel 
was used because it can control non-linear interactions 
between class labels and features.44 The two main param-
eters presented in the SVM with RBF kernel were the 
penalty parameter C and kernel hyperparameter γ. The 
penalty parameter C determined the trade-off between 
the fitting error minimisation and model complexity, 
whereas the hyperparameter γ defined the non-linear 
feature transformation on to a higher dimensional 
space and controlled the trade-off between errors due 
to bias and variance in the model.45 The optimal oper-
ating point was estimated by differentiating the param-
eter C and γ using a grid search for each combination of 
feature selection and dimension reduction with a 10-fold 
cross-validation.44

Decision tree
DT by CART that was based on the Gini Impurity Index 
used the rpart function in the rpart package in R. The 
CART analysis searched for the split on the variable that 
would partition the data into two different groups: a group 
of mostly ‘0s’ (people who survived) and ‘1s’ (people who 
died).46 47 Using the best overall split, the CART model 
partitioned the data and assigned a predicted class to 
each subgroup. CART repeated this same process on 
each predictor in the model, thus identifying the best 
split by iteratively testing all possible splits and producing 
the most significant reduction in impurity.38–40 CART 
proceeded recursively in this manner until the specified 
stopping criteria were met, a specified number of nodes 
were created or a further reduction in node impurity was 
obtained.38–40

Performance evaluation
An analysis of the receiver operating characteristic (ROC) 
curve was carried out to assess and compare the perfor-
mance of the individual ML models. The predictive 
ability of the model was evaluated using confusion matrix 
and via an analysis of the area under the curve (AUC) 
between the two approaches of ML models.

Confusion matrix and geometric mean
The confusion matrix was used to calculate the accuracy, 
sensitivity and specificity of a given model with true-neg-
ative, true-positive, false-positive and false-negative 
values, and thus, it presents accuracy, which represents 
the overall proportion of correct classifications; sensi-
tivity, which refers to the proportion of true positives that 
were accurately identified (eg, percentage of people who 
were declared dead) and specificity, which refers to the 
proportion of true negatives that were accurately iden-
tified (eg, percentage of people who survived and were 
declared dead). In addition, because the geometric mean 
can provide a good trade-off between sensitivity and spec-
ificity in a manner that a better accuracy in both classes 
leads to a larger value, it was calculated in this study 
according to the methods used by Sanz et al.48

AUC analysis
To compare the performance of multiple ML classifiers 
in multiple training datasets, a non-parametric approach 
was used to analyse the areas under the correlated ROC 
curves using the roc and  roc. test functions in the pROC 
package in R. This non-parametric approach considers 
the correlated nature of the data that two or more empir-
ical curves are established based on tests performed on 
the same individual.49

All statistical analyses were performed using SPSS 
V.20.0 (IBM) and R V.3.3.3. For the categorical variables, 
the χ2 test was carried out to determine the significance 
of the association between the predictor and outcome 
variables. For the continuous variables, the Student’s 
t-test was conducted to analyse normally distributed data, 
whereas the Kolmogorov-Smirnov test or Mann-Whitney 
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U test was performed to compare non-normally distrib-
uted data. Results were presented as mean±SD. A P value 
<0.05 was considered statistically significant.

resuLts
demographic information and injury characteristics of the 
patients
Patients with head and neck injury had a higher AIS 
score. However, patients with injury in the extremi-
ties had a lower AIS score compared with those who 
survived (table 1 and  online supplementary figure 1). 
The patients who sustained more body region injuries 
in the number of AIS locations tended to have a higher 
mortality risk than those who survived. In addition, 
women and those who did not wear helmets had a higher 
risk of mortality compared with those who survived 
(table 1 and online supplementary figure 1). A statisti-
cally significant difference was observed between patients 
who died and those who survived in terms of age, ISS, 
GCS, temperature, platelet count, glucose, Hb, Hct, K, 
Cr, AST and ALT levels, as well as CAD incidence (table 2 
and  online supplementary figure 2). As the distribution 
patterns of Hb and Hct levels, as well as AST and ALT 
levels, are highly similar, only one of these two variables 
(ie, Hct and AST) was selected for further ML classifica-
tion to prevent the inclusion of duplicate parameters. 
Therefore, a total of 32 variables were used for imputa-
tion into ML classifiers rather than considering selected 
features that were obtained by using the independent risk 
factors identified by the LR given below.

Performance of ML classifiers in the training set
Logistic regression
LR considered 12 predictors (platelet count, glucose, 
BUN, Cr, AST, Na level, age, GCS, temperature, number 
of AIS locations, ISS and HTN) as independent risk 
factors for mortality in motorcycle riders for either all 
samples or reduced samples.

The predictive models were listed as
All samples (n=6306)

 

Yi = ln
(

Pi
1−Pi

)
= 4.71648 − 0.00846 × platelet

+0.01189 × glucose + 0.03459 × BUN + 0.10667 × Cr

+0.00195 × AST + 0.09513 × Na + 0.02533 × age

−0.39968 × GCS − 0.56396 × temperature

−0.93232 × number of AIS locations + 0.14098 × ISS

−0.95726 × HTN  

Reduced samples (n=1510)

 

Yi = ln
(

pi
1−pi

)
= 5.76780 − 0.00763 × platelet + 0.00953 × glucose

+0.03773 × BUN + 0.00152 × AST + 0.08630 × Na

+0.02014 × age − 0.34116 × GCS − 0.53370

× temperature − 0.91439 × number of AIS locations

+0.12191 × ISS − 1.00522 × HTN  

The LR had an accuracy of 98.64% (sensitivity of 
59.31% and specificity of 99.56%) and 94.44% (sensitivity 
of 60.00% and specificity of 98.10%) for all samples and 

reduced samples, respectively. The AUCs for all samples 
and reduced samples were 0.9528 and 0.9524, respec-
tively (figure 1).

Support vector machine
In the training set, the SVM classifier was performed 
for the prediction of mortality considering either all 32 
variables or the 12 selected features in all samples and 
reduced samples, respectively. With the use of the RBF 
kernel, the two parameters (C and γ) of the SVM model 
must be determined. The accuracy was highly robust to 
small changes in the hyperparameters. Thus, reasonable 
choices were obtained by a grid search of 2x where x is an 
integer between −8 and 4 for C and between −10 and −2 
for γ. The values with the highest 10-fold cross-validation 
accuracy were C=0.25 and γ=0.00390625. Under the input 
of all variables into the model, the SVM achieved an accu-
racy of 98.62% (sensitivity of 62.07% and specificity of 
99.48%) and 94.37% (sensitivity of 59.31% and specificity 
of 98.10%) for all samples and reduced samples, respec-
tively (table 3). The AUCs for all samples and reduced 
samples were 0.9534 and 0.9526, respectively (figure 1). 
With the use of the selected features in the model, the 
SVM had an accuracy of 98.62% (sensitivity of 64.14% and 
specificity of 99.43%) and 93.84% (sensitivity of 62.76% 
and specificity of 97.14%) (table 3), and AUC values of 
0.9517 and 0.9518 for all samples and reduced samples, 
respectively (figure 1).

Decision tree
As shown in figure 2, in the DT model, GCS was iden-
tified as the variable of the initial split with an optimal 
cut-off value of >3. Among the patients with a GCS higher 
than 3, glucose level was selected as the variable of the 
second split at a discrimination level of 180 mg/dL and 
177 mg/dL for all samples and reduced samples, respec-
tively. Glucose level below 180 mg/dL or 177 mg/dL for 
all samples and reduced samples, respectively, was the 
best predictor of mortality; the next best predictor was 
platelet count, with an optimal cut-off value of 201×103/
µL. For the node, in patients with a GCS not greater 
than 3, ISS below 24 and glucose level below 218 mg/
dL, these predictors were considered as significant vari-
ables for all samples and reduced samples along with 
a GCS >8 and glucose level below 198 mg/dL, and the 
number of AIS locations ≥3 was considered as an addi-
tional predictor for the splitting of the reduced samples. 
With all the variables used in the model, the DT had an 
accuracy of 98.92% (sensitivity of 62.76% and specificity 
of 99.77%) and 95.83% (sensitivity of 68.97% and spec-
ificity of 98.68%) for all samples and reduced samples, 
respectively. The AUC values for all samples and reduced 
samples were 0.8872 and 0.9289, respectively. With the 
selected features used in the model, the DT had an accu-
racy of 98.92% (sensitivity of 64.14% and specificity of 
99.74%) and 95.83% (sensitivity of 70.34% and speci-
ficity of 98.53%) for all samples and reduced samples, 
respectively. The AUC values for all samples and reduced 
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Table 1 Demographics and injury characteristics of the patients regarding gender, helmet-wearing status, comorbidities, 
injury region and number of injury regions

Variables Total (N=7252) Survival (n=7084) Mortality (n=168) P value

Sex Female 4291 (59.2%) 4174 (58.9%) 117 (69.6%) 0.005

Male 2961 (40.8%) 2910 (41.1%) 51 (30.4%) 

Helmet No 1011 (13.9%) 929 (13.1%) 82 (48.8%) <0.001

Yes 6241 (86.1%) 6155 (86.9%) 86 (51.2%)

DM No 6562 (90.5%) 6414 (90.5%) 148 (88.1%) 0.286

Yes 690 (9.5%) 670 (9.5%) 20 (11.9%)

HTN No 5939 (81.9%) 5802 (81.9%) 137 (81.5%) 0.919

Yes 1313 (18.1%) 1282 (18.1%) 31 (18.5%)

CAD No 7120 (98.2%) 6960 (98.2%) 160 (95.2%) 0.011

Yes 132 (1.8%) 124 (1.8%) 8 (4.8%)

CHF No 7228 (99.7%) 7061 (99.7%) 167 (99.4%) 0.431

Yes 24 (0.3%) 23 (0.3%) 1 (0.6%)

CVA No 7168 (98.8%) 7002 (98.8%) 166 (98.8%) 0.722

Yes 84 (1.2%) 82 (1.2%) 2 (1.2%)

ESRD No 7250 (100%) 7082 (100%) 168 (100%) 1.000

Yes 2 (0.0%) 2 (0.0%) 0 (0.0%)

AIS (head/neck) 0 4642 (64%) 4627 (65.3%) 15 (8.9%) <0.001

1 665 (9.2%) 661 (9.3%) 4 (2.4%)

2 192 (2.6%) 189 (2.7%) 3 (1.8%)

3 713 (9.8%) 699 (9.9%) 14 (8.3%)

4 840 (11.6%) 795 (11.2%) 45 (26.8%)

5 189 (2.6%) 113 (1.6%) 76 (45.3%)

6 11 (0.2%) 0 (0%) 11 (6.5%)

AIS (face) 0 5472 (75.4%) 5347 (75.5%) 125 (74.4%) <0.001

1 574 (7.9%) 568 (8%) 6 (3.6%)

2 1173 (16.2%) 1141 (16.1%) 32 (19%)

3 33 (0.5%) 28 (0.4%) 5 (3%)

AIS (thorax) 0 6081 (83.9%) 5973 (84.3%) 108 (64.3%) <0.001

1 234 (3.2%) 229 (3.3%) 5 (3%)

2 260 (3.6%) 258 (3.6%) 2 (1.2%)

3 423 (5.8%) 404 (5.7%) 19 (11.3%)

4 245 (3.4%) 217 (3.1%) 28 (16.7%)

5 7 (0.1%) 3 (<0.1%) 4 (2.4%)

6 2 (<0.1%) 0 (0%) 2 (1.1%)

AIS (abdomen) 0 6654 (91.8%) 6516 (92%) 138 (82.1%) <0.001

1 57 (0.8%) 54 (0.8%) 3 (1.8%)

2 288 (4%) 277 (3.9%) 11 (6.5%)

3 170 (2.2%) 163 (2.3%) 7 (4.2%)

4 66 (0.9%) 58 (0.8%) 8 (4.8%)

5 17 (0.2%) 16 (0.2%) 1 (0.6%)

AIS (extremity) 0 2000 (27.6%) 1897 (26.8%) 103 (61.3%) <0.001

1 528 (7.3%) 524 (7.4%) 4 (2.4%)

2 2886 (39.8%) 2853 (40.3%) 33 (19.6%)

3 1822 (25.1%) 1800 (25.4%) 22 (13.1%)

4 12 (0.2%) 8 (0.1%) 4 (2.4%)

5 4 (0.1%) 2 (0.0%) 2 (1.2%)

Continued
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samples were 0.8872 and 0.9289, respectively (figure 1). 
In the condition wherein reduced samples but not all 
samples were used in the DT model, the number of AIS 
locations would be added in the split of the node, thus 
slightly increasing the sensitivity from 62.76% to 68.97% 
and from 64.14% to 70.34% with the input composed of 
all variables and selected variables, respectively. In addi-
tion, in the condition wherein selected features but not 
all variables were used in the DT model, the level of K 
was not used in the splitting of the node and substituted 

by the cut-off value of AST (≥104 IU/L), therefore 
slightly increasing the sensitivity from 62.76% to 64.14% 
and from 68.97% to 70.34% with input composed of all 
samples and reduced samples, respectively. The AUC 
values for all samples and reduced samples were 0.8875 
and 0.9292, respectively (figure 1).

Comparison of the results of AUC analysis
When the AUCs for LR, SVM and DT were used for the 
training set (table 4 and figure 1), both LR and SVM 

Variables Total (N=7252) Survival (n=7084) Mortality (n=168) P value

AIS (external) 0 6155 (84.9%) 6001 (84.7%) 154 (91.7%) 0.003

1 1072 (14.8%) 1059 (14.9%) 13 (7.7%)

2 25 (0.3%) 24 (0.3%) 1 (0.6%)

Number of AIS locations 1 3687 (50.8%) 3631 (51.3%) 56 (33.3%) <0.001

2 2255 (31.1%) 2205 (31.1%) 50 (29.8%)

3 982 (13.5%) 939 (13.3%) 43 (25.6%)

4 280 (3.9%) 265 (3.7%) 15 (8.9%)

5 43 (0.6%) 39 (0.6%) 4 (2.4%)

6 5 (0.1%) 5 (0.1%) 0 (0.0%)

AIS, Abbreviated Injury Scale; CAD, coronary artery disease; CHF, congestive heart failure; CVA, cerebral vascular accident; DM, diabetes 
mellitus; ESRD, end-stage renal disease; HTN, hypertension.

Table 1 Continued 

Table 2 Injury characteristics of the patients regarding laboratory data collected from the time point when arrival at the 
emergency department

Variables Total (N=7252) Survival (n=7084) Mortality (n=168) P value

Age (years) 38 (29) 37 (29) 47 (32) <0.001

HR (beats/min) 89 (23) 89 (23) 93 (43) <0.001

SBP (mm Hg) 137 (38) 137 (37) 143 (79) 0.374

RR (times/min) 19 (2) 19 (2) 19 (5) 0.660

Temperature (oC) 36.4 (0.8) 36.4 (0.8) 36.0 (0.5) <0.001

GCS 15 (5) 15 (3) 3 (3) <0.001

ISS 13 (12) 13 (13) 29 (11) <0.001

RBC (1012/L) 4.6 (0.8) 4.6 (0. 8) 4.3 (1.1) <0.001

WCC (109/L) 12.9 (7.7) 12.9 (7.7) 13.2 (8.7) <0.001

Hb (g/dL) 13.9 (2.5) 13.9 (2.5) 12.9 (3.5) <0.001

Hct (%) 40.9 (6.8) 41.1 (6.6) 38.6 (9.4) <0.001

Platelets (103/μL) 228 (79) 230 (79) 190 (78) <0.001

Glucose (mg/dL) 145 (27) 145 (23) 218 (60) <0.001

Na (mEq/L) 139 (3) 139 (3) 139 (4) 0.094

K (mEq/L) 3.5 (0.6) 3.5 (0.6) 3.4 (0.9) <0.001

BUN (mg/dL) 12 (6) 12 (5) 14 (8) <0.001

Cr (mg/dL) 0.8 (0.3) 0.8 (0.3) 1.0 (0.5) <0.001

AST (U/L) 47 (50) 45 (48) 65 (76) <0.001

ALT (U/L) 34 (35) 34 (33) 39 (55) <0.001

BAC (mg/dL) 4.9 (133.0) 4.9 (136.4) 4.9 (62.5) 0.698

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BAC, blood alcohol concentration; BUN, blood urea nitrogen; Cr, creatinine; 
GCS, Glasgow Coma Scale; Hb, haemoglobin; Hct, haematocrit; HR, heart rate; ISS, Injury Severity Score; K, potassium; Na, sodium;  
RBC, red blood cell; RR, respiratory rate; SBP, systolic blood pressure; WCC, white cell count.
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had a significantly higher AUC than DT, regardless of 
whether all samples or reduced samples and whether 
all variables or selected features were used. However, no 
significant difference was observed in the AUC of LR 
and SVM, regardless of whether all samples or reduced 
samples, as well as all variables or selected features, were 
used. In addition, the DT sample reduction had a signifi-
cantly higher AUC than that obtained using all samples. 
However, no significant difference was observed in the 
AUC of DT, regardless of whether all variables or selected 
features were used.

Performance of ML classifiers in test set
In test set, the LR model for all samples and reduced 
samples had an accuracy of 98.41%, with a sensitivity of 
73.91% and specificity of 99.02%, in predicting mortality 
(table 3). These four SVM models had an accuracy of 
more than 98% and a specificity of approximately 99% in 
predicting mortality. In contrast, the SVM model for all 
samples with selected features had the highest sensitivity 
(86.96%) and geometric mean (92.79%). These four 
DT models had an accuracy of approximately 98% and 
a specificity of approximately 99% but a sensitivity of less 
than 70%. Considering that most patients survived and 
had a significantly high accuracy and specificity index 
in predicting mortality, the comparison should there-
fore focus on the sensitivity and geometric mean of the 
different ML models. All LR and SVM models, but not 
the DT models, had an increased sensitivity in the test set. 

In addition, the SVM model for all samples with selected 
features had the highest sensitivity and geometric mean.

disCussiOn
LR is widely used in epidemiological studies for causal 
inference, and with the selection of built-in features, it 
does not necessarily use all the predictors. With a relatively 
limited number of variables, that is, variables less than 20, 
LR provides the estimates of the ORs of the risk factors.50 
However, its limitations became apparent when a complex 
dataset with a high number of relevant exposures and 
multiple interactions was analysed.51 With the use of several 
predictors, data that can specify all interactions may not 
be obtained.51 In addition, the DT with CART analysis was 
exploratory and was not based on a probabilistic method, 
which may lead to an overestimation of the importance of 
the risk factors or may cause other potential confounders 
to be missed, thus affecting each patient’s actual risk.52 In 
contrast to LR, which is significantly affected by outliers 
using a linear discriminant analysis method, the SVM 
boundary is only minimally affected by outliers that are 
difficult to separate, despite the complexity of data.53 In 
addition, the use of kernels in the SVM model is benefi-
cial for non-linear decision boundaries, thus allowing the 
classifier to solve more difficult classification problems than 
the linear analysis method.54 These three ML models (LR, 
SVM and DT) all had an accuracy and specificity of approx-
imately 98% and 99%, respectively, but a sensitivity less than 

Figure 1 ROC curves for LR, SVM and DT models in predicting mortality of motorcycle riders. AUC, area under the curve;   
DT, decision tree; LR, logistic regression; ROC, receiver operating characteristic; SVM, support vector machine.
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or approximately 70% in the training dataset. In this study, 
both LR and SVM had a significantly higher AUC than 
DT in the training set, regardless of whether all samples 
or reduced samples and whether all variables or selected 
features were used.

This study included the different variants of SVM, 
considering the sample size and feature selection, to show 
all possible improvements and conventional strategies, 
such as LR or DT. Although the sample reduction for SVM 
had been proposed to significantly improve the training 
speed of the SVM and save a lot of storage space,55 56 kernel 
use is a more efficient technique for the representation 
between samples. Thus, the computational complexity of 
SVM is not wholly governed by the number of samples 
but by the number of features, which is advantageous for 
the analysis in high-dimensional settings.54 In addition, 
feature selection in SVM may maximise the AUC.25 When 
aided by feature selection, the proposed SVM method 
identifies the most discriminating indexes for mortality 
prediction. Although both LR and SVM did not have a 

different AUC in the training procedure, the SVM model 
for all samples with selected features had a significantly 
higher sensitivity (86.96%) in predicting the mortality of 
motorcycle riders in the test set compared with the rest of 
the models. The higher sensitivity of SVM in the test set 
compared with that in the training set may be attributed 
to an improved quality of registered content and less 
missing data in our registered data after continuous 
quality assessment and years of working experience with 
the registers. Such increased sensitivity was also found in 
the LR model in the test set. With the addition of more 
data in the model, the SVM model may have an increased 
predictive power. In the present study, the feasibility of 
using SVM classification with feature selection can predict 
the mortality risk of motorcycle riders admitted in trauma 
care centres. However, the SVM model generally works 
like a black box, and it cannot identify the relationships 
between mortality and various explanatory variables. 
Therefore, this model cannot be directly used to validate 
our hypothesis on the increased sensitivity in the test set.

Table 3 Summary of mortality prediction performances regarding accuracy, sensitivity, specificity and geometric mean with 
LR, SVM and DT models in the training and test sets

All samples (n=6306) Reduced samples (n=1510)

All variables All variables

LR Train Accuracy 98.64 94.44

Sensitivity 59.31 60

Specificity 99.56 98.1

Geometric mean 76.84 76.72

Test Accuracy 98.41 98.41

Sensitivity 73.91 73.91

Specificity 99.02 99.02

Geometric mean 85.55 85.55

All variables Selected features All variables Selected features

SVM Train Accuracy 98.62 98.62 94.37 93.84

Sensitivity 62.07 64.14 59.31 62.76

Specificity 99.48 99.43 98.1 97.14

Geometric mean 78.58 79.86 76.28 78.08

Test Accuracy 98.41 98.73 98.41 98.31

Sensitivity 69.57 86.96 69.57 73.91

Specificity 99.13 99.02 99.13 98.92

Geometric mean 83.05 92.79 83.05 85.51

DT Train Accuracy 98.92 98.92 95.83 95.83

Sensitivity 62.76 64.14 68.97 70.34

Specificity 99.77 99.74 98.68 98.53

Geometric mean 79.13 79.98 82.50 83.25

Test Accuracy 98.31 98.52 97.67 97.89

Sensitivity 65.22 69.57 65.22 69.57

Specificity 99.13 99.24 98.48 98.59

Geometric mean 80.41 83.09 80.14 82.82

DT, decision tree; LR, logistic regression; SVM, support vector machine. 
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This study has several limitations. First, the patients who 
had incomplete records were excluded from the analysis. 
This could have caused result bias, and the results could 
have been different from the data acquired if the patients 
with incomplete records were included and the missing 
data on a variable were replaced by a value that is drawn 
from an estimate of the distribution of this variable.57–59 
Imputation can include patients who might have relevant 
features for analysis. However, these patients were excluded 
due to errors in data collection or recording.57–59 Second, 
the exclusion of patients who were declared dead (either 

on arriving at the hospital or at the accident area itself) 
and patients with injuries who were discharged against the 
advice of physicians in the emergency department may 
cause a potential bias. Third, important data regarding 
injury mechanism and circumstance, including motorcycle 
speed and type, helmet material and impact force during 
collision, were missing. In addition, the imputation of 
physiological and laboratory data collected from the time 
of arrival at the emergency department cannot reflect the 
dynamic changes in haemodynamic and metabolic vari-
ables of the patients with trauma when resuscitation is 

Figure 2 Illustration of DT model for mortality of motorcycle riders. The boxes denote the percentage of patients with 
discriminating variables from CART analysis. Those who were survival and fatal were indicated with green and red colours, 
respectively, in the boxes. CART, classification and regression trees; DT, decision tree. 

Table 4 Comparison of AUC between LR, SVM and DT models in the training set

LR SVM DT

AS RS (AS+AV) (AS+SF) (RS+AV) (RS+SF) (AS+AV) (AS+SF) (RS+AV) (RS+SF)

LR AS

RS 0.6575

SVM (AS+AV) 0.7481 0.6785

(AS+SF) 0.4121 0.7075 0.2473

(RS+AV) 0.9151 0.9161 0.6619 0.6652

(RS+SF) 0.3502 0.5965 0.4135 0.9939 0.5346

DT (AS+AV) 0.0001* 0.0001* 0.0001* 0.0002* 0.0002* 0.0002*

(AS+SF) 0.0001* 0.0002* 0.0001* 0.0002* 0.0002* 0.0002* 0.3578

(RS+AV) 0.0542 0.0618 0.0543 0.0713 0.0658 0.0703 0.0009* 0.0010*

(RS+SF) 0.0566 0.0643 0.0567 0.0743 0.0684 0.0731 0.0008* 0.0009* 0.3570

*P<0.05.
AS, all samples; AUC, area under the curve; AV, all variables; DT, decision tree; LR, Logistic regression; RS, reduced samples; SF, selected 
features; SVM, support vector machine.
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possible. Furthermore, other DT-related methods, such as 
DT by C4.5,60 combined classifiers of LR and DT by C4.5,48 
and random forest,61 have extremely satisfying perfor-
mance in dealing with the classification problem. However, 
these techniques were not investigated in this study. Lastly, 
the study population was limited to a single urban trauma 
centre in southern Taiwan, which may not be representative 
of other populations.

COnCLusiOn
ML can provide a feasible level of accuracy in predicting 
the mortality of motorcycle riders. However, there are 
significant theoretical and practical challenges to the 
translational implementation of this approach. The 
results of previous studies are extremely helpful and may 
help in establishing the first step towards the develop-
ment of a prediction model that can be integrated into 
the trauma care system to identify an individual motor-
cycle rider’s risk of mortality.
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Abstract: Background: In trauma patients, pancreatic injury is rare; however, if undiagnosed, it is 

associated with high morbidity and mortality rates. Few predictive models are available for the 

identification of pancreatic injury in trauma patients with elevated serum pancreatic enzymes. In 

this study, we aimed to construct a model for predicting pancreatic injury using a decision tree (DT) 

algorithm, along with data obtained from a population-based trauma registry in a Level I trauma 

center. Methods: A total of 991 patients with elevated serum levels of amylase (>137 U/L) or lipase 

(>51 U/L), including 46 patients with pancreatic injury and 865 without pancreatic injury between 

January 2009 and December 2016, were allocated in a ratio of 7:3 to training (n = 642) or test (n = 269) 

sets. Using the data on patient and injury characteristics as well as laboratory data, the DT algorithm 

with Classification and Regression Tree (CART) analysis was performed based on the Gini impurity 

index, using the rpart function in the rpart package in R. Results: Among the trauma patients with 

elevated amylase or lipase levels, three groups of patients were identified as having a high risk of 

pancreatic injury, using the DT model. These included (1) 69% of the patients with lipase level ≥306 

U/L; (2) 79% of the patients with lipase level between 154 U/L and 305 U/L and shock index (SI) ≥ 

0.72; and (3) 80% of the patients with lipase level <154 U/L with abdomen injury, glucose level <158 

mg/dL, amylase level <90 U/L, and neutrophil percentage ≥76%; they had all sustained pancreatic 

injury. With all variables in the model, the DT achieved an accuracy of 97.9% (sensitivity of 91.4% 

and specificity of 98.3%) for the training set. In the test set, the DT achieved an accuracy of 93.3%, 

sensitivity of 72.7%, and specificity of 94.2%. Conclusions: We established a DT model using lipase, 

SI, and additional conditions (injury to the abdomen, glucose level <158 mg/dL, amylase level <90 

U/L, and neutrophils ≥76%) as important nodes to predict three groups of patients with a high risk 

of pancreatic injury. The proposed decision-making algorithm may help in identifying pancreatic 

injury among trauma patients with elevated serum amylase or lipase levels. 
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1. Background 

The overall incidence of pancreatic injury is relatively uncommon and has been estimated to be 

1–2% of all patients with abdominal injuries. Nontheless, when it does occur, there was overall 

mortality rate ranged from 5% to 13% and a pancreatic morbidity of 11% [1–4]. Furthermore, trauma 

to the pancreatic duct can induce autodigestion of the adjacent tissue by secreted exocrine enzymes, 

leading to an associated risk of erosion of adjacent vascular and visceral structures [1,5]. The clinical 

presentation of pancreatic injury is often subtle because of the organ’s retroperitoneal location. 

Diagnosis that is delayed more than 24 h has been cited as the leading cause of increased morbidity, 

particularly in association with other blunt abdominal trauma [6,7]. Therefore, pancreatic injury 

should be diagnosed as early as possible to prevent serious complications and decrease the mortality 

that can result from delayed diagnosis. 

Pancreatic enzymes may be released into the circulation as a result of damage to tissues 

containing high enzyme levels or by release from the gastrointestinal tract [8–10]. Obstruction of the 

bile or pancreatic duct and bowel can further lead to direct diffusion of pancreatic enzymes from the 

intestinal lumen into the bloodstream [11]. In consequence, serum amylase and lipase levels are often 

used as a diagnostic screening tool to detect pancreatic injury. However, published reports on serum 

levels of amylase and lipase in patients with abdominal trauma have shown mixed results. Some 

studies have clearly shown the importance of serum amylase and lipase levels in diagnosing 

pancreatic injury [6,7,12] but others have demonstrated that initial amylase and lipase measurements 

are not useful screening tools for detecting pancreatic injury [13–16]. 

The abovementioned disagreement may be attributed to the fact that, besides the pancreas, 

many different organs such as the tongue, esophagus, stomach, duodenum, small bowel, and liver 

contain amylase and lipase [17]. Amylase in different isoforms may be released from salivary glands 

following trauma upon this region [18]. Moreover, in a variety of shock states, clinical studies have 

demonstrated evidence of ischemic pancreatic inflammation with elevated levels of pancreatic 

enzymes [19,20]. In a study of 164 consecutive patients who presented to the emergency department 

(ED) with a history of blunt abdominal trauma and who had serum pancreatic enzyme assessment, 

66% of patients had associated intra-abdominal injury, with 43% involving the duodenum, 15% with 

associated head injury, and 51% with associated extremity injury [12]. Hence, increased serum levels 

of amylase and lipase are not always predictive of pancreatic injury and may also reflect 

nonpancreatic or extrapancreatic production. An increase in serum levels of these enzymes can be 

caused by a broad range of conditions in patients with trauma, such as those with blunt abdominal 

injury [21], intracranial bleeding [22,23], critical illness in an intensive care unit [24,25], patients 

recovering from shock [20,26], and those undergoing maxillofacial surgery [18]. 

In this study, we adopted the decision tree (DT) method to explore the variables that could be 

used to identify individuals at risk for pancreatic injury among trauma patients with elevated 

amylase or lipase levels. DT is a machine learning model, which is composed of decision rules based 

on optimal feature cutoff values that recursively split independent variables into different groups 

and predict an outcome in a hierarchical manner [27–29]. To identify high-risk patients with 

pancreatic injury in clinical decision-making from among those with elevated serum levels of amylase 

or lipase, we aimed to construct a model to predict pancreatic injury using the DT algorithm and data 

obtained from a population-based trauma registry in a level I trauma center.  
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2. Methods 

2.1. Study Population 

After approval (reference number 201701369B0) was obtained from the institutional review 

board of the Kaohsiung Chang Gung Memorial Hospital, a level I regional trauma center in southern 

Taiwan [30,31], we searched the database of the Trauma Registry System from 1 January 2009 to  

31 December 2016 and reviewed medical charts for diagnostic injury codes 863.81–863.84 and  

863.91–863.94 (pancreatic injury), according to the International Classification of Diseases, 9th 

Revision, Clinical Modification (ICD-9-CM). All patients who presented with elevated serum levels 

of amylase (>137 U/L) or lipase (>51 U/L) were included in the study. Of the 971 patients identified 

as having elevated amylase or lipase levels, 60 were excluded due to incomplete registry data or lack 

of laboratory blood testing data. Finally, 911 patients were included in this study. Among these, 46 

patients had sustained a pancreatic injury, which had been identified either by abdominal computed 

tomography examination or during a laparotomy; the other 865 patients did not have pancreatic 

injury.  

The following data were retrieved: sex; age; co-morbidities such as diabetes mellitus (DM), 

hypertension (HTN), coronary artery disease (CAD), congestive heart failure, cerebral vascular 

accident, and end-stage renal disease; associated injuries or illness that may induce elevated amylase 

or lipase, including traumatic brain injury (TBI), mandible fracture, maxillary fracture, perforated 

peptic ulcer (PPU), ileus, torsion of ovarian cyst, mesenteric ischemia, intestinal strangulation, and 

mumps; vital signs, including temperature, systolic blood pressure (SBP), heart rate (HR), respiratory 

rate; Injury Severity Score (ISS); Glasgow coma scale (GCS) score; Abbreviated Injury Scale (AIS) 

score for different regions of the body; white blood cell (WBC) and red blood cell counts, percentage 

of neutrophils in WBCs; levels of hemoglobin, hematocrit, platelets, blood urine nitrogen (BUN), 

creatinine (Cr), alanine aminotransferase, aspartate aminotransferase, total bilirubin, sodium, 

potassium, amylase, lipase, and glucose; international normalized ratio (INR); and shock index (SI), 

calculated in the ED, as HR divided by SBP. 

2.2. Decision Tree Classifier 

The 911 enrolled patients were divided in a ratio of 7:3 into a training set (n = 642) and a test set 

(n = 269). The training set was used for predictor discovery under supervised classification and to 

generate a plausible model. The test set was used to assess the performance of the model generated 

from the training set. Classification and Regression Trees (CART) analysis [32,33] using the rpart 

function in the rpart package in R, based on the Gini impurity index, was used to establish the DT 

classification model. CART analysis was used to search for the split on each variable to partition the 

data into two groups: one group of mostly “1s” (people who had sustained pancreatic injury) and 

another group of mostly “0s” (people who did not have pancreatic injury). The CART model 

partitioned the data and assigned a predicted class to each subgroup. With repetition of the same 

process on each predictor in the model, CART identified the best overall split by iteratively testing 

all possible splits and creating a specified number of nodes, until the specified stopping criteria were 

reached or a further reduction in node impurity became impossible [34–36]. In this study, the method 

of “cost-complexity” pruning was used to generate a sequence of simpler trees. The complexity 

parameter (α), a measure of how much additional accuracy a split must add to the entire tree to 

warrant additional complexity, was set at 0.001. 

2.3. Multivariate Logistic Regression 

For comparison, the multivariate logistic regression (LR) classifier using glm function of the 

stats package in R was performed. A univariate LR analysis was initially performed to identify 

significant predictors of pancreatic injury. All significant variables derived from univariate analysis 

were entered into the multiple LR using stepwise elimination to identify independent risk factors for 
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pancreatic injury. A prediction model was developed using the calculated probability value assigned 

to final variables based on its regression coefficient. 

2.4. Performance of the Decision Tree Classifier 

Stratified 10-fold cross-validation was used in the test set to evaluate the predictive power of 

the models. Briefly, patients were randomly divided into 10 folds; the number of patients with an 

event was approximately equal in all folds. The model was developed using nine folds and validation 

on the tenth. The accuracy, sensitivity, and specificity of the DT model were calculated. 

2.5. Statistical Analysis 

Statistical analyses were performed using IBM SPSS Statistics for Windows, version 20.0 (IBM 

Corp., Armonk, NY, USA) and R 3.3.3. (R Foundation for Statistical Computing, Vienna, Austria). 

The primary outcome of the study was in-hospital mortality. Two-sided Fisher’s exact or Pearson chi-

square tests were used to compare categorical data, with odds ratios (ORs) and 95% confidence 

intervals (CIs). The normality of continuous data was examined using the Kolmogorov–Smirnov test. 

Mann-Whitney U-tests were used to analyze non-normally distributed data, which are presented as 

median with interquartile range (IQR, Q1–Q3). Measures of model performance regarding the area 

under the curve (AUC) of the receiver operator characteristic curves (ROCs) was performed using 

the roc & roc.test function in the pROC package in R. p-Values < 0.05 were defined as statistically 

significant. 

3. Results 

3.1. Characteristics and Outcomes of Patients with Elevated Amylase or Lipase Levels 

As shown in Table 1, no significant differences in sex were observed between patients with and 

without pancreatic injury. Compared with patients who did not have pancreatic injury, those with 

pancreatic injury had significantly lower rates of pre-existing HTN and DM as well as associated TBI 

and maxillary fracture owing to trauma accident. No significant difference in the rates of associated 

injury or illness including maxillary fracture, PPU, torsion of ovarian cyst, and ileus were found 

between the two patient groups. In addition, patients with pancreatic injury had significantly higher 

rates of elevated AIS scores in abdominal regions, but lower AIS scores in areas of the head, face and 

extremities than did patients without pancreatic injury. All the continuous data did not pass the 

normality examination by Kolmogorov-Smirnov test. Patients with pancreatic injury were 

significantly older, had significantly higher GCS, neutrophils (%), amylase and lipase levels, and INR 

level but lower SBP, ISS, glucose, BUN, and Cr level than patients without pancreatic injury  

(Table 2). Among the 911 patients, there were 327 who had sustained TBI, 65 with mandible fracture, 

119 with maxilla fracture, 4 with PPU, 3 with ileus, and one patient with torsion of ovarian cyst  

(Table 3). Among these patients, 176 and 210 of the 327 patients with TBI had a high level of amylase 

and lipase, respectively; 43 and 37 of the 65 patients with mandibular fracture presented with a high 

level of amylase and lipase, respectively; and 75 and 70 of the 119 patients with maxillary fracture 

had a high level of amylase and lipase, respectively. Notably, among patients with TBI, mean levels 

of amylase and lipase were 172 U/L and 71 U/L, respectively. Though, maximal levels of amylase and 

lipase in these patients reached 1960 U/L and 767 U/L, respectively. Further, in patients with 

mandible or maxilla fracture, the mean amylase level was extremely high, up to around 2000 U/L; 

After all, the mean lipase level was around 76 U/L, albeit in some patients the lipase level reached 

about 542 U/L. In this study, no patients had mesenteric ischemia, intestinal strangulation, or mumps.  
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Table 1. Comparison of categorical variables of patient and injury characteristics, used to establish 

the decision tree model, between patients with and without pancreatic injury. 

Variables Total (n = 911) 
Pancreatic Injury 

p-Value 
No (n = 865) Yes (n = 46) 

Sex 
Female 325 (35.7%) 303 (35%) 22 (48%) 

0.084 
Male 586 (64.3%) 562 (65%) 24 (52%) 

CVA 
No 896 (98.4%) 850 (98.3%) 46 (100%) 

>0.999 
Yes 15 (1.6%) 15 (1.7%) 0 (0%) 

CAD 
No 885 (97.1%) 839 (96.9%) 46 (100%) 

0.637 
Yes 26 (2.9%) 26 (3.1%) 0 (0%) 

HTN 
No 729 (80.0%) 685 (79.2%) 44 (47.8%) 

0.004 
Yes 182 (20%) 180 (20.8%) 2 (2.2%) 

CHF 
No 905 (99.3%) 859 (99.3%) 46 (100%) 

>0.999 
Yes 6 (0.7%) 6 (0.7%) 0 (0%) 

ESRD 
No 880 (96.6%) 834 (96.4%) 46 (100%) 

0.398 
Yes 31 (3.4%) 31 (3.6%) 0 (0%) 

DM 
No 793 (87%) 747 (86.4%) 46 (100%) 

0.003 
Yes 118 (13%) 118 (13.6%) 0 (0%) 

TBI 
No 584 (64.1%) 544 (62.9%) 40 (87%) 

0.001 
Yes 327 (35.9%) 321 (37.1%) 6 (13%) 

Mandible fracture 
No 846 (92.9%) 800 (92.5%) 46 (100%) 

0.069 
Yes 65 (7.1%) 65 (7.5%) 0 (0%) 

Maxilla fracture 
No 792 (86.9%) 746 (86.2%) 46 (100%) 

0.003 
Yes 119 (13.1%) 119 (13.8%) 0 (0%) 

PPU 
No 907 (99.6%) 861 (99.5%) 46 (100%) 

>0.999 
Yes 4 (0.4%) 4 (0.5%) 0 (0%) 

Ileus 
No 908 (99.7%) 862 (99.7%) 46 (100%) 

>0.999 
Yes 3 (0.3%) 3 (0.3%) 0 (0%) 

Torsion of ovarian 

cyst 

No 910 (99.9%) 864 (99.9%) 46 (100%) 
>0.999 

Yes 1 (0.1%) 1 (0.1%) 0 (0%) 

AIS (Head) 

0 382 (41.9%) 346 (40%) 36 (78.3%) 

<0.001 

1 114 (12.5%) 110 (12.7%) 4 (8.7%) 

2 49 (5.4%) 47 (5.4%) 2 (4.3%) 

3 159 (17.5%) 155 (17.9%) 4 (8.7%) 

4 140 (15.4%) 140 (16.2%) 0 (0%) 

5 60 (6.6%) 60 (6.9%) 0 (0%) 

6 7 (0.8%) 7 (0.8%) 0 (0%) 

AIS (Face) 

0 655 (71.9%) 611 (70.6%) 44 (95.7%) 

0.002 
1 62 (6.8%) 60 (6.9%) 2 (4.3%) 

2 182 (20%) 182 (21%) 0 (0%) 

3 12 (1.3%) 12 (1.4%) 0 (0%) 

AIS (Thorax) 

0 555 (60.9%) 515 (59.5%) 40 (87%) 

0.009 

1 37 (4.1%) 35 (4%) 2 (4.3%) 

2 71 (7.8%) 71 (8.2%) 0 (0%) 

3 146 (16%) 144 (16.6%) 2 (4.3%) 

4 93 (10.2%) 91 (10.5%) 2 (4.3%) 

5 9 (1%) 9 (1%) 0 (0%) 

AIS (Abdomen) 

0 547 (60%) 545 (63%) 2 (4.3%) 

<0.001 

1 23 (2.5%) 23 (2.7%) 0 (0%) 

2 165 (18.1%) 149 (17.2%) 16 (34.8%) 

3 101 (11.1%) 89 (10.3%) 12 (26.1%) 

4 60 (6.6%) 46 (5.3%) 14 (30.4%) 

5 15 (1.6%) 13 (1.5%) 2 (4.3%) 

AIS (Extremity) 

0 413 (45.3%) 381 (44%) 32 (69.6%) 

0.008 
1 55 (6%) 53 (6.1%) 2 (4.3%) 

2 235 (25.8%) 229 (26.5%) 6 (13%) 

3 190 (20.9%) 186 (21.5%) 4 (8.7%) 
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4 14 (1.5%) 12 (1.4%) 2 (4.3%) 

5 4 (0.4%) 4 (0.5%) 0 (0%) 

AIS (External) 

0 770 (84.5%) 732 (84.6%) 38 (82.6%) 

0.974 

1 126 (13.8%) 118 (13.6%) 8 (17.4%) 

2 6 (0.7%) 6 (0.7%) 0 (0%) 

3 4 (0.4%) 4 (0.5%) 0 (0%) 

4 1 (0.1%) 1 (0.1%) 0 (0%) 

5 1 (0.1%) 1 (0.1%) 0 (0%) 

6 3 (0.3%) 3 (0.3%) 0 (0%) 

AIS = abbreviated injury scale; CAD = coronary artery disease; CHF = congestive heart failure; CVA 

= cerebral vascular accident; DM= diabetes mellitus; ESRD = end-stage renal disease; HTN = 

hypertension; PPU = perforated peptic ulcer; TBI = traumatic brain injury. 

Table 2. Comparison of continuous variables of patient and injury characteristics, used in the decision 

tree model, between patients with and without pancreatic injury. 

Variables 
Total (n = 911) 

Median (IQR) 

Pancreatic Injury 

p-Value No (n = 865) 

Median (IQR) 

Yes (n = 46) 

Median (IQR) 

Age (years) 45 (26–61) 46 (26–61) 39 (18–59) 0.039 

SBP (mmHg) 133 (108–155) 133 (108–156) 121 (105–144) 0.032 

RR (times/min) 20 (18–20) 20 (18–20) 20 (18–20) 0.714 

Temperature (°C) 36.4 (36–36.9) 36.4 (36–36.9) 36.4 (36.1–36.8) 0.908 

GCS 15 (9–15) 15 (9–15) 15 (14–15) 0.001 

ISS 16 (9–24) 16 (9–24) 10 (8–18) 0.022 

RBC (106/µL) 4.3 (3.8–4.7) 4.3 (3.8–4.7) 4.0 (3.6–4.6) 0.115 

WBC (103/µL) 13.5 (9.5–18.8) 13.5 (9.5–19) 12.6 (9–14.8) 0.092 

Neutrophil (%) 77.1 (65–85.8) 76.2 (64.4–85.5) 85.2 (78.8–89) <0.001 

Hb (g/dL) 12.7 (11.2–14.3) 12.7 (11.2–14.3) 12.3 (10.8–14.5) 0.300 

Hct (%) 37.9 (33.6–41.9) 38.0 (33.7–42) 37.2 (32.7–41.2) 0.318 

Platelets (103/µL) 206 (161–251) 206 (161–253) 202 (164–230) 0.734 

Glucose (mg/dL) 177 (136–179) 177 (136–179) 150 (149–168) 0.023 

Na (mEq/L) 139 (137–141) 139 (137–141) 140 (137–141) 0.213 

K (mEq/L) 3.6 (3.2–4.0) 3.6 (3.2–4.0) 3.7 (3.5–3.9) 0.121 

BUN (mg/dL) 14 (10–18) 14 (10–18) 12.3 (8–14) 0.007 

Cr (mg/dL) 0.9 (0.8–1.2) 1.0 (0.8–1.2) 0.8 (0.7–0.9) <0.001 

AST (U/L) 86 (41–184) 83 (41–189.5) 100 (61–179) 0.179 

ALT (U/L) 49 (26–120) 49 (26–121) 65 (40–96) 0.190 

Total bilirubin (mg/dL) 0.9 (0.7–0.9) 0.9 (0.6–0.9) 0.9 (0.8–1.0) 0.090 

Amylase (U/L) 136 (84–183) 136 (84–179) 148 (87–554) 0.005 

Lipase (U/L) 61 (45–89) 60 (43–84) 176 (97–375) <0.001 

INR 1.1 (1.0–1.2) 1.1 (1.0–1.1) 1.1 (1.0–1.2) 0.044 

SI 0.7 (0.6–0.9) 0.7 (0.6–1.0) 0.7 (0.6–0.9) 0.589 

ALT = alanine aminotransferase; AST = Aspartate transaminase; BUN = blood urea nitrogen;  

Cr = creatinine; GCS = Glasgow coma scale; Hb = hemoglobin; Hct = hematocrit; INR = international 

normalized ratio; K = potassium; Na = sodium; ISS = injury severity score; RBC = red blood cells;  

RR = respiratory rate; SBP = systolic blood pressure; SI = shock index; WBC = white blood cells. These 

continuous data was expressed with median and interquartile range.
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Table 3. Serum amylase and lipase levels of patients with an associated injury or illness. 

Variables 
Total (n) Amylase Lipase 

 Median (IQR) Max Min ≥138 U/L (n) Median (IQR) Max Min ≥52 U/L (n) 

Traumatic brain injury 327 142 (87–182) 1960 12 176 56 (38–73) 767 12 210 

Mandible fracture 65 160 (107–239) 843 47 43 55 (28–78) 542 2.1 37 

Maxilla fracture 119 155 (105–227) 956 40 75 54 (33–75) 542 15 70 

Perforated peptic ulcer 4 202 (130–254) 267 55 3 75 (49–93) 93 27 3 

Torsion of ovarian cyst 1 - 84 84 0 - 72 72 1 

Ileus 3 103 (89–118) 132 74 0 89 (81–132) 174 73 3 
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3.2. Classification by Decision Tree Algorithm 

As shown in Figure 1, the lipase level was identified in the DT model as the variable of the initial 

split, with an optimal cutoff value of <306 U/L. Among patients with lipase level ≥306 U/L, 69% had 

pancreatic injury and 31% did not. Among patients with lipase level between 154 U/L and 305 U/L, 

SI was identified as the variable of the second split, with an optimal cutoff value ≥0.72. For the node, 

only 3% of patients with SI ≥ 0.72 had sustained pancreatic injury. In contrast, 79% of patients with 

SI < 0.72 had pancreatic injury. Among patients with lipase level <154 U/L, the presence of abdominal 

injury (AIS abdomen < 1), glucose level ≥158 mg/dL, amylase ≥90 U/L, and neutrophils <76% served 

as additional predictors for the determination of associated pancreatic injury in patients. This 

indicated that among patients with a lipase level <154 U/L, 80% of those with abdomen injury, glucose 

level <158 mg/dL, amylase level <90 U/L, and neutrophil percentage ≥76% had sustained pancreatic 

injury. Among patients with a lipase level <154 U/L, only 1% of those with abdomen injury and 

glucose level ≥158 mg/dL had sustained pancreatic injury. According to classification by the DT, three 

groups of trauma patients with a high risk of pancreatic injury were identified (Figure 1). With all 

variables in the model, the DT achieved an accuracy of 97.9% (sensitivity of 91.4% and specificity of 

98.3%) for the training set. In the test set, the DT achieved an accuracy of 93.3%, sensitivity of 72.7%, 

and specificity of 94.2%. The DT model had an AUC of 0.901 of all samples and AUC of 0.812 of test 

set in predicting a pancreatic injury (Figure 2). 

 

Figure 1. Illustration of DT model for predicting pancreatic injury in patients with elevated serum 

amylase or lipase levels. Boxes denote the percentage of patients with discriminating variables from 

CART analysis. Patients with and without pancreatic injury are indicated by the fractional number 

inside the right and left sides of the boxes, respectively. 

 

Figure 2. Illustration of ROC curves for the DT model in the training and test set. 
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3.3. Classification by Multivariate LR 

The final multivariate regression models revealed that the pancreatic injury were associated with 

12 independent risk factors, which included WBC, Cr, AST, ALT, Na, lipase, AIS of face, AIS of 

thorax, AIS of abdomen, AIS of extremity, DM (Table 4). With all variables in the model, the logistic 

model achieved an accuracy of 96.9% (sensitivity of 56.8% and specificity of 99.3%) for the training 

set. In the test set, the logistic model achieved an accuracy of 98.1%, sensitivity of 77.7%, and 

specificity of 98.8%. 

Table 4. Independent risk factors for pancreatic injury in multivariate logistic regression. 

Independent Variables Coefficient Independent Variables Coefficient 

WBC 0.6911 lipase −0.2176 

neutrophil 0.1522 AIS of face −0.3066 

Cr 0.1061 AIS of thorax −0.5152 

AST 0.0094 AIS of abdomen −1.848 

ALT 0.0073 AIS of extremity −2.1096 

Na −0.0164 DM −19.4426 

Intercept −47.4648   

4. Discussion 

In this DT model, the lipase level was the first node in predicting pancreatic injury among 

patients with elevated pancreatic enzymes. According to well-accepted consensus, serum lipase level 

is the most important variable related to pancreatic injury. Elevated serum lipase level served as a 

more specific marker than amylase for pancreatic injury [12]. In contrast, elevated levels of pancreatic 

enzymes among critically injured patients in the absence of pancreatic injury are generally owing to 

craniofacial injuries [23,37], such that the reliability of serum amylase levels to predict pancreatic 

injury is questionable [23]. Furthermore, amylase level is significantly associated with the time of 

measurement, particularly among patients in whom amylase was measured 2 h or less post-injury 

[38]. However, such an association is not significant for lipase measurements [38]. The risk of patients 

having a pancreatic injury can be determined according to the lipase level as (1) ≥306 U/L; (2) between 

154 U/L and 305 U/L; or (3) <154 U/L. Among trauma patients with elevated amylase or lipase levels, 

we identified three groups of patients as having a high risk of pancreatic injury using the DT model. 

These groups were as follows: (1) 69% of patients with lipase level ≥306 U/L had sustained pancreatic 

injury; (2) 79% of patients with lipase level between 154 U/L and 305 U/L and SI ≥ 0.72 had sustained 

pancreatic injury; and (3) 80% of patients with lipase level <154 U/L and who had sustained abdomen 

injury, glucose level < 158 mg/dL, amylase level <90 U/L, and neutrophils ≥ 76% had pancreatic injury.  

In this study, the maximum levels of lipase reached 767 U/L and 542 U/L in patients with TBI as 

well as injury to the mandible and maxilla, respectively. Thus, determination of pancreatic injury 

made by relying solely on the lipase level may result in a false positive diagnosis. For example, 31% 

of patients with lipase level ≥306 U/L in this study did not have pancreatic injury. The existence of 

TBI or fracture of the mandible or maxilla could explain a high serum level of lipase, as no patients 

had concurrent mandibular or maxillary fracture with pancreatic injury in this study; however, using 

trauma to the craniofacial area to exclude possible pancreatic injury among patients with high lipase 

levels may not be justified, particularly considering the possible occurrence of injury to the abdomen 

and craniofacial area; such patients may have levels of consciousness that are insufficiently alert to 

describe their abdominal injury. 

The second important node in the prediction of pancreatic injury in this DT model was the SI. In 

this study, among patients with lipase level between 154 U/L and 305 U/L, an SI ≥ 0.72 determined 

pancreatic injury in 79% of patients. In contrast, only 3% of patients with SI ≥ 0.72 had a pancreatic 

injury. Histological and clinical evidence have demonstrated ischemic pancreatic inflammation in a 

variety of shock states [19]. Patients with an elevated level of pancreatic enzymes are at greater risk 

of presenting with shock [20]. The SI, which is the ratio of HR to SBP, has been used to identify 
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hypovolemic shock in patients with trauma since 1967 [39]. SI is an easily obtained indicator of 

hemodynamic instability [40–42] and a clinical indicator of hypovolemic shock upon arrival to the 

ED [43]. In a study among healthy participants with blood loss of 450 ml, the SI was substantially 

increased whereas the HR and SBP remained within the normal ranges [44]. Classification of patients 

by an SI > 0.7 can preferentially select patients with adverse short-term outcomes from among those 

with upper gastrointestinal bleeding [45]. With SI above 0.9, the risk for trauma patients requiring 

massive transfusion rises substantially [46]. Takahashi et al. reported that 80% of patients with 

traumatic shock but without pancreatic injury had elevated serum amylase levels and 94% of them 

had elevated amylase owing to secretion from salivary glands [37]. This may also reflect that in the 

DT model of this study, SI was suitable for determining the risk of pancreatic injury according to 

level of lipase but not that of amylase. 

In some medical centers, normal serum levels of amylase and lipase are set at 95 U/L and 38 U/L, 

respectively [21]. In the present study, serum levels >137 U/L and >51 U/L for amylase and lipase, 

respectively, were set as abnormal levels according to hospital guidelines for the Taiwanese 

population. The definition of high amylase and lipase levels may vary among different studies and 

medical institutions. In a prospective study, Mahajan et al. reported that using cutoffs of 250 U/L and 

100 U/L for serum amylase and lipase levels, respectively, a combined serum amylase and lipase 

assessment showed 100% specificity and 85% sensitivity for predicting pancreatic injury in patients 

with blunt abdominal trauma [12]. In addition, Nadler et al. suggested that values of serum amylase 

>200 U/L and lipase >1800 U/L were useful cutoffs for detecting patients who were more likely to 

have major pancreatic duct injuries [47]. Obviously, the choice of cutoff value for amylase or lipase 

as an abnormal expression would have a remarkable impact on diagnostic accuracy. One advantage 

of the DT algorithm is its construction does not require any domain knowledge or parameter setting, 

thus making it appropriate for exploratory knowledge discovery. Unlike conventional statistical 

analyses that tend to identify the different variables among the compared groups, the DT algorithm 

uses a procedure for classifying data based on their attributes of the evaluated outcome. The nodes 

and their cutoff values were automatically identified as important determinative variables in the 

prediction of pancreatic injury. For example, despite a significantly younger age, higher lipase level, 

lower glucose level, and higher percentage of neutrophils among patients with pancreatic injury than 

those without, in this study there was even no significant difference in SI between patients with and 

without pancreatic injury. 

Further, among patients with lipase level <154 U/L, an AIS score indicating abdominal injury is 

also important in determining the risk of pancreatic injury. No pancreatic injury was found in patients 

with lipase level <154 U/L and without an elevated AIS score for the abdomen. If there was associated 

injury to the abdomen indicated by the AIS score, then the levels of glucose and amylase and the 

neutrophil percentage provided additional information for determining the risk of pancreatic injury. 

According to this DT model, it is impossible to determine the occurrence of pancreatic injury with 

very high confidence among patients with elevated pancreatic enzymes in the serum. Anyhow, 

considering that few data are available for identifying these high-risk individuals to guide physicians 

in determining which patients will likely need further investigation, this model is easy and cost 

effective and may be helpful in identifying patients with a high risk of pancreatic injury. 

Nevertheless, the above limitation indicates that there is room for improvement in the established 

DT model. 

Because the higher rate of patients without pancreatic injury than those with pancreatic injury 

would be accompanied by a high accuracy and specificity in the prediction of the illness, in that event, 

we would rather focus on the sensitivity between DT and multivariate LR models. In this study, the 

DT model had a higher sensitivity than LR in the training set (91.4% vs. 56.8%, respectively) and a 

comparable sensitivity than LR in the test set (72.7% vs. 77.7%, respectively). Nontheless, the present 

study has some additional limitations. The first of these is the selection bias associated with the 

retrospective study design. In such circumstance, an overfit in analyzing the collected data may be 

encountered and the relative small sample size would limit the value of validating the model. A 

prospective cohort study would get more valuable information to test the established DT model. 
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Second, the diagnosis value of the presence of pancreatic enzymes, especially amylase level, is time 

dependent. Some authors have proposed that serum and lipase levels measured within 3 h after 

trauma have no diagnostic value [12]. Although amylase and lipase levels were checked after 

consultation with a general surgeon for most of our patients, measurements were performed within 

3 h after trauma in some patients, which may have caused a selection bias. Third, it has been reported 

that higher grade injuries to the pancreas tend to result in significantly elevated mean levels of serum 

amylase and lipase than lower grade injuries [12]. The degree of injury to the pancreas parenchyma 

was not investigated in this study; thus the value of the information provided is limited. Fourth, 

amylase and lipase are not routinely measured in the emergency department, only for suspicion of a 

pancreatic injury or under the recommendation of a general surgeon; therefore, the inclusion of 

patients with elevated pancreatic enzymes but not those with abdominal injury in the study 

population may result in selection bias. Further, future studies may consider the possibility of 

incorporating a patient into the model which considers the patient as the most important member of 

the health team [48]. Finally, the study was limited to a single center; patient injury characteristics 

may vary from those observed at other institutions, thereby limiting the generalizability of the 

findings. The work carried out in multiple centers may provide more valuable information to the 

establishment of the DT model. 

5. Conclusions 

We established a DT model using lipase level, SI, and additional conditions (elevated AIS score 

indicating abdominal injury, glucose level <158 mg/dL, amylase level <90 U/L, and neutrophils ≥76%) 

as important nodes to predict three groups of patients with a high risk of pancreatic injury. The 

proposed decision-making algorithm may help to identify a pancreatic injury in trauma patients with 

elevated serum amylase or lipase levels. 
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Abstract

Background

The purpose of this study was to build a model of machine learning (ML) for the prediction of

mortality in patients with isolated moderate and severe traumatic brain injury (TBI).

Methods

Hospitalized adult patients registered in the Trauma Registry System between January

2009 and December 2015 were enrolled in this study. Only patients with an Abbreviated

Injury Scale (AIS) score� 3 points related to head injuries were included in this study. A

total of 1734 (1564 survival and 170 non-survival) and 325 (293 survival and 32 non-sur-

vival) patients were included in the training and test sets, respectively.

Results

Using demographics and injury characteristics, as well as patient laboratory data, predictive

tools (e.g., logistic regression [LR], support vector machine [SVM], decision tree [DT], naive

Bayes [NB], and artificial neural networks [ANN]) were used to determine the mortality of

individual patients. The predictive performance was evaluated by accuracy, sensitivity, and

specificity, as well as by area under the curve (AUC) measures of receiver operator charac-

teristic curves. In the training set, all five ML models had a specificity of more than 90% and

all ML models (except the NB) achieved an accuracy of more than 90%. Among them, the

ANN had the highest sensitivity (80.59%) in mortality prediction. Regarding performance,

the ANN had the highest AUC (0.968), followed by the LR (0.942), SVM (0.935), NB (0.908),

and DT (0.872). In the test set, the ANN had the highest sensitivity (84.38%) in mortality pre-

diction, followed by the SVM (65.63%), LR (59.38%), NB (59.38%), and DT (43.75%).
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Conclusions

The ANN model provided the best prediction of mortality for patients with isolated moderate

and severe TBI.

Background

Identifying patients with traumatic brain injury (TBI) with high risk of mortality is important

to maximize the resource for trauma care, and so that family members receive appropriate

counsel and treatment decisions [1, 2]. One widely applied predictor of mortality outcome is

the Trauma and Injury Severity Score (TRISS), which shows good discrimination in identify-

ing the patients with TBI at high risk of mortality [3]. However, the model was not specifically

designed for use in patients with TBI and is not always associated with high performance [4].

For patients with TBI, two prediction models (Corticosteroid Randomization after Significant

Head Injury [CRASH] and the International Mission for Prognosis and Analysis of Clinical

Trials in Traumatic Brain Injury [IMPACT]) based on large clinical trial datasets have shown

good discrimination and have enabled accurate outcome predictions [5–7]. However, these

two models lack the precision required for use on the individual patient level [8, 9].

Currently, machine learning (ML) has been successfully applied to aid in clinical diagnosis

and prognosis prediction [10, 11]. In some field-specific datasets, many ML techniques have

shown significantly better predictive power than more conventional alternatives [12]. Applied

ML techniques in the clinical setting include, but are not limited to, LR, support vector

machine (SVM), decision trees (DT), Bayes classification, and artificial neural networks

(ANN). This study aimed to construct an optimal model of ML for mortality prediction

among patients with moderate and severe TBI by using data from a population-based trauma

registry in a level I trauma center.

Methods

Subject and data preparation

This study was approved by the Institutional Review Board (IRB) of Chang Gung Memorial

Hospital with approval number 201700014B0. Informed consent was waived according to the

regulation of the IRB. Detailed patient information between January 2009 and December 2015

was retrieved from the Trauma Registry System of the hospital. The adult patient cohort

included those who were� 20 years of age and hospitalized for the treatment of moderate and

severe TBI, defined as an AIS score� 3 points in the head (moderate TBI, AIS 3–4; severe TBI,

AIS 5) [13, 14]. Polytrauma patients who had additional AIS scores� 3 points corresponding

to any other region of the body were excluded from this study [14]. Enrolled patients were

divided into a training set (a 6-year span between 2009 and 2014) for generation of a plausible

model under supervised classification, and a test set (a 1-year span in 2015) to test the perfor-

mance of the model. Patients with missing data were not included in the dataset for analysis.

The retrieved patient information included the following variables: age, sex, helmet-wearing

status, pre-existed co-morbidities, such as coronary artery disease (CAD), congestive heart fail-

ure (CHF), cerebral vascular accident (CVA), diabetes mellitus (DM), end-stage renal disease

(ESRD), and hypertension (HTN). Glasgow coma scale (GCS) score and vital signs, including

temperature, systolic blood pressure (SBP), heart rate (HR), and respiratory rate (RR) were col-

lected upon patient arrival at the emergency department. Blood-drawn laboratory data at the

Machine learning for mortality prediction

PLOS ONE | https://doi.org/10.1371/journal.pone.0207192 November 9, 2018 2 / 12

https://doi.org/10.1371/journal.pone.0207192


emergency room, including white blood cell count (WBC), red blood cell count (RBC), hemo-

globin (Hb), hematocrit (Hct), platelets, blood urine nitrogen (BUN), creatinine (Cr), alanine

aminotransferase (ALT), aspartate aminotransferase (AST), sodium, potassium, and glucose

was also collected. TBI-related diagnoses, such as epidural hematoma (EDH), subdural hema-

toma (SDH), subarachnoid hemorrhage (SAH), and intracerebral hematoma (ICH) were

assessed, as were ISS and the in-hospital mortality of patients during admission. The in-hospi-

tal mortality included those caused by the injury directly to the brain or by the associated com-

plication such as pneumonia or sepsis. Finally, a total of 1734 (1564 survival and 170 non-

survival) and 325 (293 survival and 32 non-survival) patients comprised the training and test

sets, respectively.

ML classifications

Logistic regression (LR). In this study, the LR classifier used glm function in the stats

package in R3.3.3 (R Foundation for Statistical Computing, Vienna, Austria). A stepwise LR

analysis was used to control the effects of confounding variables to identify independent risk

factors for mortality.

Support vector machine (SVM). The SVM classifier used the tune.svm & svm function

in the e1071 package in R with the radial basis function to handle non-linear interactions [15].

The optimal operating point was estimated using a grid search with a 10-fold cross-validation

varying the penalty parameter C, which determined the tradeoff between fitting error minimi-

zation and model complexity, and hyper-parameter γ, which defined the nonlinear feature

transformation onto a higher dimensional space and controlled the tradeoff between error due

to bias and variance in the model [15].

Decision tree (DT). In this study, the classification and regression trees (CART) of DT

were used based on the Gini impurity index to achieve the best overall split [16], with the rpart

function in the rpart package in R to enable better prediction through progressive binary splits

in a combined approach for both nonparametric and nonlinear variables.

Naïve bayes (NB). The NB classifier—deemed as the simplest of Bayes classifiers—makes

the assumption that input variables are conditionally independent of each other given the classi-

fication [17, 18]. Despite its simplicity, its performance is comparable to conventional or more

sophisticated methods [19, 20], and it has yielded good results in mortality-classification settings

[21]. In this study, the NB classifier used the naiveBaye function in the e1071 package in R.

Artificial neural networks (ANN). The ANN is constructed from a set of neurons that

exchange signals with each other via an interconnected network. Each connection has a

numeric weight that can be adjusted during training of the network, making the system adap-

tive to input patterns and capable of revealing previously unknown relationships between

given input and output variables [22–24]. In this study, the ANN classifier used a feed-forward

neural network with the nnet function in the nnet package in R. The tuning parameters

included the number of nodes in the hidden layer optimized between 1 and 20. For the train-

ing process, maximal iterations and decay were selected as 1000 and 0.001, respectively. To

avoid over-fitting, iterations occurred until the error did not significantly decrease.

Performance of the ML classifiers

Model predictive performance regarding accuracy, sensitivity, specificity and the area under

the curve (AUC) of the receiver operator characteristic curves (ROCs) corresponding to the

two different models was measured. A nonparametric approach to the analysis of the AUC

under correlated ROCs using the roc & roc.test function in the pROC package in R was pur-

sued [25]. The predicted probabilities against binary events was validated using the val.prob
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function in the rms package in R. Somers’ Dxy measured probability of concordance minus

the probability of discordance between predicted outcomes and observed outcomes and was

used to assess the predictive discrimination [26]. The coefficient of determination, R2, is a sta-

tistic that will give some information about the goodness of fit of a model [27]. An R2 of 1 indi-

cates that the regression line perfectly fits the data. The Brier score indicated an overall

measure of model performance by defining the mean squared error between the predicted

probabilities and the actual outcomes [28]. Brier scores vary between 0 and 1, a lower score

indicating higher accuracy.

Statistical analyses

All statistical analyses were performed using SPSS 20.0 (IBM Inc., Chicago, IL, USA) and R

3.3.3. For continuous variables, we used student t-tests to analyze normally distributed data,

while Kolmogorov-Smirnov or Mann-Whitney U tests were used to compare non-normally

distributed data. For categorical variables, we used Chi-square tests to determine the signifi-

cance of the association between variables. Results are presented as mean ± standard deviation,

and a p-value < 0.05 was considered statistically significant.

Results

Patient demographics and injury characteristics

As shown in Fig 1, there was no significant difference in sex, CAD, CHF, CVA, and DM

between patients that survived TBI and those that did not. In contrast, ESRD and HTN inci-

dences were higher in the fatality group than in the group of patients that survived. In addition,

fewer patients in the fatality group had worn a helmet when compared to patients in the sur-

vival group. A statistically significant difference in age, ISS, GCS, glucose, temperature, HR,

RBC, Hb, Hct, platelets, and K was also found between groups (S1 Fig). Because correlation

coefficients between Hb and Hct, BUN and Cr, and AST and ALT were similar, only one of

the three representative variables (i.e., Hct, BUN, and AST) was selected for further ML classi-

fication to prevent the inclusion of duplicate parameters. Therefore, 25 total variables were

used for ML classifier imputation.

Performance of ML classifiers in the training set

LR identified 12 predictors (age, helmet status, platelets, DM, SDH, Hct, temperature, ICH,

GCS, glucose, ISS, and ESRD) as independent risk factors for mortality (S2 Fig).

The SVM classifier was performed for the prediction of mortality, taking input with all 25

variables with two parameters (C, γ) being determined by a grid search of 2x, where x is an

integer between -20 and 4 for C and between -20 and -4 for γ. The values which gave the high-

est 10-fold cross-validation accuracy were C = 0.00003 and γ = 0.000977.

In the DT model (Fig 2), the GCS was identified as the initial split variable, with an optimal

cut-off value of> 4. Among patients having a GCS < 4, high glucose levels of� 216 mg/dL

indicated a fatal outcome. In patients with glucose levels < 216 mg/dL, the next best predictor

of mortality was age, with an optimal cut-off < 50 years. In patients� 50-years-old, existence

of SDH presented as a predictor of fatal outcome. In addition, among patients with GCS > 4,

an ISS� 25 and glucose levels� 222 mg/dL were selected as significant variables for the pre-

diction of a fatal outcome.

The constructed ANN model includes 25 inputs, one bias neuron in the input layer, eight

hidden neurons, one bias neuron in the hidden layer, and one output neuron (Fig 3). A single

output node indicated the probability of death.
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As shown in Table 1, all ML models, with the exception of the NB, achieved an accuracy of

more than 90%. As the high survival among investigated patients rate likely accounts for the

observed accuracy and specificity in mortality prediction, we further focused on the sensitivity

of different ML models. In the established model, ANN had the highest sensitivity (80.59%),

followed by the NB (73.53%), SVM (64.12%), DT (62.35%), and LR (53.89%). All five ML mod-

els had a specificity of more than 90%. In comparing AUCs of the ROCs among the five ML

models for the training set (Fig 4), the ANN had a significantly higher AUC (0.968) than the

other four ML models (S1 Table). Both LR (0.942) and SVM (0.935) had significantly higher

AUCs than the NB (0.908) or DT (0.872); however, there was no significant difference in AUC

between LR and the SVM. According to AUC comparisons, and in consideration of prediction

sensitivity, the ANN was determined to be the best algorithm to predict mortality. The calibra-

tion curves of these five predictions demonstrated that LR, DT, and ANN plotted a nonpara-

metric line close along the ideal diagonal line (Fig 5), while LR had the highest Dxy (0.884) and

ANN had the highest R2 (0.632) and lowest Brier score (0.036).

Performance of ML classifiers in the test set

For the test set, with the exception of the NB, all ML models achieved similar rates of accuracy

(~92% to 93.5%) in terms of their ability to predict mortality (Table 1). In addition, these mod-

els achieved specificity rates that were greater than 92%. The ANN still displayed the highest

Fig 1. Patient demographics and injury characteristics.

https://doi.org/10.1371/journal.pone.0207192.g001
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sensitivity (84.38%) in its ability to predict mortality, followed by the SVM (65.63%), LR and

NB (59.38%), and DT (43.75%).

Discussion

In this study, both LR and the SVM had significantly higher AUCs than the NB and DT. It has

been reported that the NB classifier operates under the assumption that independence is valid.

Fig 2. Illustration of the DT model for predicting mortality in patients with isolated moderate and severe TBI. Boxes denote the

percentage of patients analyzed with discriminating variables; survivors and non-survivors are indicated by green and red colors,

respectively.

https://doi.org/10.1371/journal.pone.0207192.g002

Fig 3. Architecture of the three-layered feed-forward ANN.

https://doi.org/10.1371/journal.pone.0207192.g003
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When two variables are related, however, the NB may place too much weight on them and too

little weight on other variables, resulting in classification bias [17, 18]. In addition, the DT may

lead to overestimation of the importance of included risk factors or may exclude other poten-

tial confounding factors that could influence actual risk [29]. On the other hand, the SVM

boundary is only minimally influenced by outliers [30] and the employment of kernels help

the model learn non-linear decision boundaries, allowing the classifier to solve more complex

data than linear analyses methods, such as the LR model [31]. However, this advantage could

not be identified in the current study, as there was no significant difference in AUC values

Table 1. Mortality prediction performance (i.e., accuracy, sensitivity, and specificity) for the LR, SVM, DT, NB, and ANN models on training and test sets.

Methods Train Test

Accuracy Sensitivity Specificity Accuracy Sensitivity Specificity

LR 93.66% 53.89% 98.08% 93.54% 59.38% 93.54%

SVM 92.96% 64.12% 96.10% 92.50% 65.63% 95.22%

DT 94.69% 62.35% 98.21% 92.92% 43.75% 98.29%

NB 89.56% 73.53% 91.30% 86.15% 59.38% 89.08%

ANN 93.94% 80.59% 95.40% 92.00% 84.38% 92.83%

LR, logistic regression; SVM, support vector machine; DT, decision trees; NB, Naive Bayes; and ANN, artificial neural networks.

https://doi.org/10.1371/journal.pone.0207192.t001

Fig 4. ROC curves for the LR, SVM, DT, NB, and ANN models in predicting the mortality of patients with isolated moderate

and severe TBI.

https://doi.org/10.1371/journal.pone.0207192.g004
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between the LR and SVM. The exceptional performance of the LR model implies that most

patients that died following TBI could be explained by a relatively small set of independent

predictors that fit the logistic model assumptions well, such as old age [32], hyperglycemia

[33], GCS scores [32, 34], and the presence of SDH [35]. Therefore, to improve the predictive

performance of models than the LR, additional data or different approaches may be considered

for the prediction task.

One study that predicted 10 609 trauma patient outcomes, using 16 anatomic and physio-

logic predictor variables, revealed that the ANN exceeded the TRISS model in terms of its abil-

ity to predict mortality, with an AUC of 0.912 compared to 0.895 for the TRISS [36].

Furthermore, the ANN model has been shown to be more accurate and to have better overall

performance than LR model in predicting in-hospital mortality for patients receiving mechan-

ical ventilation [37] as well as for patients in critical care [38]. For patients with TBI, the

CRASH prognostic model shows good discrimination for 14-day mortality prediction, with an

AUC of 0.89, while the IMPACT prognostic model shows good discrimination for 6-month

mortality predictions, with an of AUC 0.80 [3]. In this study, we demonstrated that the ANN

had a significantly higher AUC than the other four ML models when predicting the mortality

of patients with isolated moderate and severe TBI. Moreover, the ANN retained the highest

sensitivity (84.38%) among the investigated algorithms. Notably, the LR model provides odds

ratio estimates for risk factors only under conditions with numbers of variables less than 20

[39]. A complex dataset with many predictors make LR model difficult to specify all possible

interactions [40]. In contrast, the computational power of the ANN is derived from the distrib-

uted nature of its connections. As such, the ANN can successfully manages complex datasets,

even when the sample size is small or the ratio between variables and records is unbalanced

Fig 5. Calibration curves by the LR, SVM, DT, NB, and ANN models in predicting the mortality of patients with isolated

moderate and severe TBI.

https://doi.org/10.1371/journal.pone.0207192.g005
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[41], making it a natural modeling tool to examine survival in diverse populations [42]. In this

study, we had included more variables such as preexisting comorbidities, helmet status, and

laboratory data to improve prediction performance. Furthermore, the lack of specific mortal-

ity-related information in the trauma registry, including imaging characteristics of computed

tomography scans [43], pupillary reactivity [7], and the existence of conscious deterioration,

may have rendered the prediction model a space for improvement.

One criticism of the ANN is that it is difficult to assess the relative contribution of each vari-

able to the final prediction put forth by the model [24]. Additionally, the ANN does not pro-

vide detailed information, such as the hazard ratio, which generally indicates the direction and

magnitude of influence each variable has on the outcome [44]. Some other limitations

included: First, patients declared dead on arrival at the hospital or at the scene of the accident

were not recorded in the registered database [45, 46] and may have resulted in potential sam-

ple bias. The unknown status of inter-facility transfer or resuscitation for prehospital cardiac

arrest may lead to a bias in the outcome measurement. Further, because the registered trauma

data only had the in-hospital mortality but there were no information regarding the mortalities

at 30 days, 3 months, or half a year data, there may exist some selection bias in the outcome

measurement. Second, the imputation of physiological and laboratory data collected from the

time of emergency department arrival does not reflect changes in hemodynamics and meta-

bolic variables of patients who were under possible resuscitation. Third, this study was unable

to assess the effects of any one particular treatment intervention, especially brain surgery. As

such, we relied on the assumption that the assessment and management of patients—especially

regarding operation quality—was uniform across the included population. Finally, the study

sample was limited to a single urban trauma center in southern Taiwan, which may not be rep-

resentative of other populations. However, because ANN generally could handle complex data

which have interactions better than LR. Since ANN could do a better performance in mortality

prediction than LR in this study according to the data from a single center, then we expect that

ANN may still performed better than LR in dealing with the data from multicentric or multi-

national source. However, such opinion requires a further validation in the future study.

Conclusion

We demonstrated that the ANN model provided better performance in predicting the mortal-

ity of patients with isolated moderate and severe TBI. The results of studies published so far

are encouraging and may provide the first steps towards the development of a prediction

model that can be integrated into trauma care systems to identify patients at high risk for

mortality.
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Background: Patients with polytrauma are expected to have a higher risk of mortality than

the summation of expected mortality for their individual injuries. This study was designed

to investigate the outcome of polytrauma patients, diagnosed by abbreviated injury scale

(AIS) � 3 for at least two body regions, at a level I trauma center.

Methods: Detailed data of 694 polytrauma patients and 2104 non-polytrauma patients with

an overall Injury Severity Score (ISS) � 16 and hospitalized between January 1, 2009, and

December 31, 2014 for treatment of all traumatic injuries, were retrieved from the Trauma

Registry System. Two-sided Fisher exact or Pearson chi-square tests were used to compare

categorical data. The unpaired Student t-test was used to analyze normally distributed

continuous data, and the ManneWhitney U-test was used to compare non-normally

distributed data. Propensity-score matching in a 1:1 ratio was performed using NCSS

software with logistic regression to evaluate the effect of polytrauma on in-hospital

mortality.

Results: There was no significant difference in short-term mortality between polytrauma

and non-polytrauma patients, regardless of whether the comparison was made among the

total patients (11.4% vs. 11.0%, respectively; p ¼ 0.795) or among the selected propensity

score-matched groups of patients following controlled covariates including sex, age, sys-

tolic blood pressure, co-morbidities, Glasgow Coma Scale scores, injury region based on

AIS.

Conclusions: Polytrauma defined by AIS �3 for at least two body regions failed to recognize a

significant difference in short-term mortality among trauma patients.
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At a glance commentary

Scientific background on the subject

Although polytrauma is generally used to describe

trauma patients whose injuries were severe and

involved multiple body regions, the term ‘polytrauma’

lacks a universally accepted definition. This study was

designed to validate the definition of polytrauma deter-

mined by abbreviated injury scale (AIS) � 3 for at least

two body regions.

What this study adds to the field

This study revealed that patients with polytrauma

defined by AIS � 3 failed to recognize a significant dif-

ference in short-termmortality between the polytrauma

and non-polytraumapatients. Additional criteria such as

the relevant pathophysiologic change may be required

for a better definition of polytrauma.
Themonotrauma indicates an injury to one body region and

multitrauma or multiple trauma depict those who had injuries

to more than one body region, regardless of the injury severity.

Inaddition, severely injuredandmajor traumahadbeenusedto

indicate a patientwithhigh injury severity [1,2]. Under the basic

concept of a combination of injuries that causes a life-

threatening condition, polytrauma is generally used to

describe trauma patients whose injuries were severe and

involved multiple body regions [3,4], compromise the patient's
physiology and potentially cause dysfunction of uninjured or-

gans [5]. These polytrauma patients are expected to have a

higher risk of morbidity and mortality than the summation of

expectedmorbidity andmortality of their individual injuries [1].

Some authors suggested that at least two anatomical re-

gions have to be injured for a patient to be identified as having

critically ill trauma [4e7]. Border et al. [4] and Osterwalder [8]

defined polytrauma as presence of �2 significant injuries.

However, the cut-off of abbreviated injury scale (AIS) � 2

would enable identifying a patient with fairly low injury

severity score (ISS) such as 8, 12, and 13 as having polytrauma,

which would not make the score specific enough [5].

Furthermore, Butcher et al. define ‘polytrauma’ as an injured

patient with AIS �3 points in at least two different body re-

gions [8]. With associated highermortality, more frequent ICU

admissions, and longer hospital and ICU stays, this charac-

teristic captured the greatest percentage of the worst out-

comes and a significantly larger percent of the clinically

diagnosed polytrauma patients than those who were diag-

nosed via the definition, ISS >15 or ISS >17 [7].

However, although a universally accepted definition for

polytrauma is vital for comparing datasets, the term ‘poly-

trauma’ lacks a universally accepted and validated definition

[1]. Before applying the definition of the term in the clinical

setting,wedesigned this study to investigate theoutcomeof the

polytrauma patients, diagnosed by AIS �3 for at least two body

regions, admitted and treated for all trauma injuries at a level I

trauma center. The primary hypothesis of this study was that
these polytrauma patients have a worse outcome than those

patients with similar injury severity but without polytrauma.
Methods

Ethics statement

This study was pre-approved by the Institutional Review

Board (IRB) of the Chang Gung Memorial Hospital (approval

number 104-1783B). Informed consent was waived according

to IRB regulations.

Study design

This retrospective study reviewed data of all 20,106 hospital-

ized patients registered in the Trauma Registry System of a

level I regional trauma center [9,10] from January 1, 2009, to

December 31, 2014 (Fig. 1). The Trauma Registry System,

whichwas established in our hospital since 2009, collected the

data of patient characteristics, injury characteristics, injury

mechanism, and outcome of patients hospitalized due to all

trauma cause. All the registered data were input into hospital-

based databank by two qualified nurses with specific re-

sponsibility for the integrity of the registered data. All patients

with an overall ISS �16 and hospitalized for treatment of

traumatic injuries were included in the study (n ¼ 2798). A

patient with AIS �3 in two or more different body regions was

considered to have polytrauma (n ¼ 694). Other patients who

had an overall ISS �16 but did not fit into the above criteria of

polytrauma were defined as non-polytrauma patients

(n ¼ 2104). This group consisted of patients with (1) an AIS of 4

or 5 with injury at one body region and no additional or only

minor (1 or 2 points) injury at a second ISS region, (2) an AIS of

3 with injury at one body region and two additional injuries (2

points) at a second and third ISS region. Patients with

incomplete registered data would be excluded (n¼ 0). Detailed

patient information retrieved from the Trauma Registry Sys-

tem including: age; sex; trauma mechanism; initial Glasgow

Coma Scale (GCS) score in the emergency department (ED);

vital signs assessed by the physician upon arrival at the ED

and procedures performed by the physician at the ED (car-

diopulmonary resuscitation, intubation, chest tube insertion,

and blood transfusion); AIS severity score for each body re-

gion; ISS; The Trauma and Injury Severity Score (TRISS); rates

of associated injuries; revised trauma score (RTS); hospital

length of stay (LOS); LOS in ICU; and in-hospitalmortality. Pre-

existing comorbidities and chronic diseases including dia-

betes mellitus (DM), hypertension (HTN), coronary artery

diseases (CAD), congestive heart failure (CHF), cerebrovascu-

lar accident (CVA), and end-stage renal disease (ESRD) were

also identified. The ISS is expressed as the median and

interquartile range (IQR, Q1eQ3). Odds ratios (ORs) of the

associated conditions and injuries of the patients were

calculated with 95% confidence intervals (CIs). The data

collected were compared using IBM SPSS Statistics for Win-

dows, version 20.0 (IBM Corp., Armonk, NY, USA). Two-sided

Fisher exact or Pearson chi-square tests were used to

compare categorical data. The unpaired Student t-test was

used to analyze normally distributed continuous data, which

https://doi.org/10.1016/j.bj.2018.08.007
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Fig. 1 Flow chart of the study population.
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was reported as mean ± standard deviation. The

ManneWhitney U-test was used to compare non-normally

distributed data. To minimize confounding effects of base-

line covariates that may be related to the outcome assess-

ment, propensity scores were estimated by multiple logistic

regression analysis with adjustments for patient age, sex,

systolic blood pressure (SBP), GCS, injuries based on AIS, and

ISS. After calculation of the propensity scores, a 1:1 matched

study group was created by the Greedy method and a 0.2

caliper width using NCSS software (NCSS 10; NCSS Statistical

software, Kaysville, Utah). A conditional logistic regression

was used for evaluating the effect of polytrauma on mortality

with crude OR being calculated with 95% CI as well as the

adjusted odd ratio (AOR) for mortality adjusted by the ISS. All

results are presented as the mean ± standard error. A p-value

less than 0.05 was considered statistically significant.
Results

Injury characteristics and severity of patients with
polytrauma

As shown in Table 1, the mean age of patients with poly-

traumawas less than of those without polytrauma (46.2 ± 19.9

years and 50.8 ± 22.2 years, respectively; p < 0.001). No sig-

nificant sex-specific predominance was noted among patients

with polytrauma. Significantly lower rates of pre-existing co-

morbidities including DM, HTN, and CVA were found among

patients with polytrauma than those without polytrauma.

GCS scores were significantly lower for patients with poly-

trauma than for non-polytrauma patients (11.5 ± 4.4 vs.

11.9 ± 4.2, respectively; p ¼ 0.028); however, the difference in

GCS scores was less than 1 point. Significantly more patients

with polytrauma had a GCS �8 and significantly fewer pa-

tients with polytrauma had a GCS �13 compared to non-

polytrauma patients. Analysis of AIS, regardless of the
criteria of AIS �1 or �3, revealed that patients with poly-

trauma had sustained significantly higher rates of face,

thoracic, abdomen, and extremity injuries than non-

polytrauma patients, while non-polytrauma patients had

sustained significantly higher rates of head and neck injury. In

addition, a significantly higher ISS was found in patients with

polytrauma than in non-polytrauma patients (median [IQR:

Q1eQ3], 26 [22e34] vs. 17 [16e21], respectively; p < 0.001).

When stratified by ISS (16e24 or �25), among patients with

polytrauma, more patients had an ISS � 25 and fewer patients

had an ISS of 16e24 as compared to non-polytrauma patients.

The patients with polytrauma presented with a significantly

lower RTS (6.8 ± 1.5 vs. 7.0 ± 1.3, respectively; p < 0.001) and

TRISS (0.803 ± 0.246 vs. 0.872 ± 0.200, respectively; p < 0.001)

than that in non-polytrauma patients.
Associated management and injuries among patients with
polytrauma

Patients with polytrauma exhibited higher ORs for presenting

with worse hemodynamic measures than non-polytrauma

patients. These measures included a systolic blood pressure

(SBP) of <90 mmHg, heart rate of >100 beats/min, and respi-

ratory rate of <10 or >29 times/min (Table 2). In addition, pa-

tients with polytrauma had higher odds for requiring

procedures at the ED, including cardiopulmonary resuscita-

tion, intubation, chest tube insertion, and blood transfusion.

Regarding the associated injuries (Table 3), patients with

polytrauma had statistically significantly lower ORs for sus-

taining epidural hematomas (OR 0.6, 95% CI 0.49e0.77;

p < 0.001), subdural hematomas (OR 0.4, 95% CI 0.37e0.53;

p < 0.001), and cerebral contusions (OR 0.6, 95% CI 0.48e0.75;

p < 0.001) than non-polytrauma patients. Notably, 297 (42.8%)

of the 694 polytrauma patients and 1629 (77.4%) of the 2104

non-polytrauma patients have a head/neck AIS of �4 points.

In contrast, patients with polytrauma had statistically signif-

icantly higher ORs for sustaining maxillofacial trauma,

https://doi.org/10.1016/j.bj.2018.08.007
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Table 1 Demographics and injury characteristics of patients with and without polytrauma.

Variables Polytrauma n ¼ 694 Non-polytrauma n ¼ 2104 Odds Ratio (95% CI) p

Age 46.2 ± 19.9 50.8 ± 22.2 e <0.001
Sex

Male 479 (69.0) 1385 (65.8) 1.2 (0.96e1.39) 0.122

Female 215 (31.0) 719 (34.2) 0.9 (0.72e1.04) 0.122

Co-morbidity

DM 72 (10.4) 299 (14.2) 0.7 (0.53e0.92) 0.010

HTN 141 (20.3) 551 (26.2) 0.7 (0.58e0.89) 0.002

CAD 19 (2.7) 75 (3.6) 0.8 (0.46e1.27) 0.294

CHF 1 (0.1) 15 (0.7) 0.2 (0.03e1.52) 0.141

CVA 7 (1.0) 102 (4.8) 0.2 (0.09e0.43) <0.001
ESRD 0 (0.0) 3 (0.1) e 1.000

GCS 11.5 ± 4.4 11.9 ± 4.2 e 0.028

�8 195 (28.1) 493 (23.4) 1.3 (1.05e1.55) 0.013

9e12 86 (12.4) 267 (12.7) 1.0 (0.75e1.26) 0.837

�13 413 (59.5) 1344 (63.9) 0.8 (0.70e0.99) 0.039

AIS, n (%)

Head/Neck 521 (75.1) 1780 (84.6) 0.5 (0.45e0.68) <0.001
Face 222 (32.0) 453 (21.5) 1.7 (1.42e2.07) <0.001
Thorax 496 (71.5) 391 (18.6) 11.0 (9.00e13.38) <0.001
Abdomen 265 (38.2) 184 (8.7) 6.4 (5.20e7.99) <0.001
Extremity 510 (73.5) 595 (28.3) 7.0 (5.79e8.53) <0.001

AIS � 3, n (%)

Head/Neck 467 (67.3) 1679 (79.8) 0.5 (0.43e0.63) <0.001
Face 26 (3.7) 0 (0.0) e <0.001
Thorax 459 (66.1) 248 (11.8) 14.6 (11.90e17.95) <0.001
Abdomen 179 (25.8) 60 (2.9) 11.8 (8.70e16.11) <0.001
Extremity 347 (50.0) 54 (2.6) 38.0 (27.89e51.68) <0.001

ISS, median (IQR) 26 (22e34) 17 (16e21) e <0.001
16e24 240 (34.6) 1701 (80.8) 0.1 (0.10e0.15) <0.001
�25 454 (65.4) 403 (19.2) 8.0 (6.60e9.66) <0.001

RTS 6.8 ± 1.5 7.0 ± 1.3 e <0.001
TRISS 0.8 ± 0.25 0.9 ± 0.2 e <0.001
Mortality, n (%) 79 (11.4) 232 (11.0) 1.0 (0.79e1.36) 0.795

Hospital LOS (days) 20.2 ± 15.9 15.4 ± 15.9 e <0.001
ICU, n (%)

ISS 16e24 143 (20.6) 1161 (55.2) 0.2 (0.17e0.26) <0.001
ISS � 25 380 (54.8) 371 (17.6) 5.7 (4.69e6.81) <0.001

LOS in ICU (days) 7.1 ± 9.8 6.9 ± 12.1 e 0.670
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thoracic trauma, abdominal trauma, and extremity trauma

than non-polytrauma patients.

Outcome of patients with polytrauma

As shown in Table 1, mortality was found in 79 (11.4%) of 694

patients with polytrauma and 232 (11.0%) of 2104 patients

without polytrauma. Patientswith polytraumadid not present

a significantly different lethality than non-polytrauma
Table 2 Worse physiological response upon arrival and proced
with and without polytrauma.

Variables Polytrauma n ¼ 694 No

Physiology at ED, n (%)

SBP < 90 mmHg 77 (11.1)

HR > 100 beats/min 273 (39.3)

RR < 10 or > 29 times/min 35 (5.0)

Procedures at ED, n (%)

Cardiopulmonary resuscitation 12 (1.7)

Intubation 114 (16.4)

Chest tube insertion 99 (14.3)

Blood transfusion 180 (25.9)
patients (OR 1.0, 95% CI 0.79e1.36; p ¼ 0.795). Those fatal pa-

tients were significantly older, had a lower GCS scores, had a

higher rate of head/neck injury, and had a significantly higher

ISS than those patients who survived (Table 4). After

propensity-scorematching, mortality outcomewas compared

in 181 well-balanced pairs of patients (Table 4). In these pro-

pensity scoreematched patients, there was no significant

difference in sex, age, co-morbidities, SBP, GCS, injury region

based on AIS, and ISS. Logistic regression analysis of these
ures performed at the emergency department for patients

n-polytrauma n ¼ 2104 Odds Ratio (95% CI) p

88 (4.2) 2.9 (2.08e3.93) <0.001
543 (25.8) 1.9 (1.56e2.23) <0.001
45 (2.1) 2.4 (1.55e3.81) <0.001

12 (0.6) 3.1 (1.37e6.86) 0.004

261 (12.4) 1.4 (1.09e1.76) 0.007

72 (3.4) 4.7 (3.42e6.45) <0.001
154 (7.3) 4.4 (3.50e5.62) <0.001
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Table 3 Significant associated injuries among patients with and without polytrauma.

Variables Polytrauma n ¼ 694 Non-polytrauma n ¼ 2104 Odds Ratio (95% CI) P

Head trauma, n (%)

Epidural hematoma (EDH) 112 (16.1) 500 (23.8) 0.6 (0.49e0.77) <0.001
Subdural hematoma (SDH) 249 (35.9) 1178 (56.0) 0.4 (0.37e0.53) <0.001
Cerebral contusion 106 (15.3) 487 (23.1) 0.6 (0.48e0.75) <0.001

Maxillofacial trauma, n (%)

Nasal fracture 17 (2.4) 18 (0.9) 2.9 (1.49e5.68) 0.001

Maxillary fracture 87 (12.5) 197 (9.4) 1.4 (1.06e1.81) 0.016

Mandibular fracture 31 (4.5) 42 (2.0) 2.3 (1.43e3.68) <0.001
Thoracic trauma, n (%)

Rib fracture 283 (40.8) 288 (13.7) 4.3 (3.57e5.28) <0.001
Hemothorax 98 (14.1) 72 (3.4) 4.6 (3.38e6.38) <0.001
Pneumothorax 114 (16.4) 63 (3.0) 6.4 (4.62e8.78) <0.001
Hemopneumothorax 97 (14.0) 75 (3.6) 4.4 (3.21e6.02) <0.001
Lung contusion 71 (10.2) 59 (2.8) 4.0 (2.77e5.64) <0.001
Thoracic vertebral fracture 30 (4.3) 52 (2.5) 1.8 (1.13e2.82) 0.012

Abdominal trauma, n (%)

Intra-abdominal injury 59 (8.5) 86 (4.1) 2.2 (1.55e3.07) <0.001
Hepatic injury 117 (16.9) 62 (2.9) 6.7 (4.84e9.21) <0.001
Splenic injury 64 (9.2) 37 (1.8) 5.7 (3.75e8.59) <0.001
Retroperitoneal injury 10 (1.4) 5 (0.2) 6.1 (2.09e18.02) 0.001

Renal injury 23 (3.3) 20 (1.0) 3.6 (1.95e6.54) <0.001
Lumbar vertebral fracture 48 (6.9) 32 (1.5) 4.8 (3.05e7.59) <0.001
Sacral vertebral fracture 19 (2.7) 8 (0.4) 7.4 (3.21e16.92) <0.001

Extremity trauma, n (%)

Clavicle fracture 120 (17.3) 195 (9.3) 2.0 (1.60e2.62) <0.001
Humeral fracture 51 (7.3) 31 (1.5) 5.3 (3.37e8.36) <0.001
Radial fracture 80 (11.5) 52 (2.5) 5.1 (3.59e7.37) <0.001
Ulnar fracture 52 (7.5) 41 (1.9) 4.1 (2.68e6.20) <0.001
Pelvic fracture 93 (13.4) 56 (2.7) 5.7 (4.01e7.98) <0.001
Femoral fracture 173 (24.9) 28 (1.3) 24.6 (16.33e37.12) <0.001
Patella fracture 22 (3.2) 12 (0.6) 5.7 (2.81e11.59) <0.001
Tibia fracture 94 (13.5) 30 (1.4) 10.8 (7.11e16.50) <0.001
Fibular fracture 68 (9.8) 25 (1.2) 9.0 (5.66e14.41) <0.001

Table 4 Patient cohorts before and after the propensity-score matching.

Before matching After matching

Variables Death n ¼ 311 Survival n ¼ 2487 OR (95%CI) P Death n ¼ 181 Survival n ¼ 181 OR (95%CI) P

Sex

Male 205 (65.9) 1659 (66.7) 1.0 (0.75e1.24) 0.780 133 (73.5) 133 (73.5) 1.0 (0.63e1.60) 1.000

Female 106 (34.1) 828 (33.3) 1.0 (0.81e1.33) 0.780 48 (26.5) 48 (26.5) 1.0 (0.63e1.60) 1.000

Age 56.2 ± 21.4 48.9 ± 21.6 e <0.001 52.9 ± 21.5 52.9 ± 21.0 e 0.980

Co-morbidity

DM 40 (12.9) 331 (13.3) 1.0 (0.68e1.37) 0.826 13 (7.2) 13 (7.2) 1.0 (0.45e2.22) 1.000

HTN 86 (27.7) 606 (24.4) 1.2 (0.91e1.55) 0.205 41 (22.7) 41 (22.7) 1.0 (0.61e1.64) 1.000

CAD 21 (6.8) 73 (2.9) 2.4 (1.45e3.95) <0.001 6 (3.3) 6 (3.3) 1.0 (0.32e3.16) 1.000

CHF 3 (1.0) 13 (0.5) 1.9 (0.53e6.54) 0.410 0 (0.0) 0 (0.0) e e

CVA 15 (4.8) 94 (3.8) 1.3 (0.74e2.25) 0.370 3 (1.7) 3 (1.7) 1.0 (0.20e5.02) 1.000

ESRD 2 (0.6) 1 (0.0) 16.1 (1.46e177.97) 0.034 0 (0.0) 0 (0.0) e e

SBP mmHg 141.9 ± 60.1 146.6 ± 38.1 e 0.184 150.9 ± 49.5 149.2 ± 39.6 e 0.710

GCS 6.8 ± 4.4 12.5 ± 3.8 e <0.001 8.1 ± 4.8 8.0 ± 4.8 e 0.710

AIS, n (%)

Head/Neck 275 (88.4) 2026 (81.5) 1.7 (1.21e2.50) 0.002 161 (89.0) 161 (89.0) 1.0 (0.52e1.93) 1.000

Face 40 (12.9) 635 (25.5) 0.4 (0.31e0.61) <0.001 20 (11.0) 20 (11.0) 1.0 (0.52e1.93) 1.000

Thorax 77 (24.8) 810 (32.6) 0.7 (0.52e0.89) 0.005 43 (23.8) 43 (23.8) 1.0 (0.62e1.62) 1.000

Extremity 85 (27.3) 1020 (41.0) 0.5 (0.42e0.70) <0.001 51 (28.2) 51 (28.2) 1.0 (0.63e1.58) 1.000

ISS 25 (25e34) 19 (16e24) e <0.001 25 (20e29) 25 (18e29) e 0.076

Polytrauma 79 (25.4) 615 (24.7) 1.0 (0.79e1.36) 0.795 45 (24.9) 51 (28.2) 0.5 (0.16e1.32) 0.147
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well-balanced pairs of patients showed that the association of

polytrauma did not significantly influence mortality (OR 0.5,

95% CI 0.16e1.32; p ¼ 0.147). In addition, compared to non-
polytrauma patients, patients with polytrauma had signifi-

cantly longer hospital LOS (20.2 days vs. 15.4 days, respec-

tively; p < 0.001), and a higher proportion of patients had an

https://doi.org/10.1016/j.bj.2018.08.007
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ISS �25 (54.8% vs. 17.6%, respectively; p < 0.001) but a lower

proportion of patients with an ISS of 16e24 (20.6% vs. 55.2%,

respectively; p < 0.001) were admitted to the ICU; however, the

LOS in the ICU was not significantly different between pa-

tients with or without polytrauma (7.1 days vs. 6.9 days,

respectively; p ¼ 0.670) (Table 1).
Discussion

Many studies had defined polytrauma as an ISS >15 [11], an

ISS > 16 [12], an ISS > 18 [13], an ISS � 18 [14,15], or an ISS > 25

[16]. If lower cut-offs are used (>15 or >16), a fairly low injury

severity, e.g., AIS of 2 in two regions plus AIS of 3

(22 þ 22 þ 32 ¼ 17), may be included. If higher cut-offs are used

(>20 or >25), the specificity would be increased at the expense

of the exclusion of patients with AIS ¼ 3 injuries in two body

regions [1]. Different studies have pointed out the limited

prognostic value of ISS in terms of mortality prediction

[17e19]. Furthermore, ISS is hardly ever calculated on

admission, which makes it difficult to be a useful tool for

prognostic during initial resuscitation [20]. Whatever the

definition of polytrauma presents a difference or not in term

of mortality, ISS could be only more useful for secondary

triage or ICU admission. In contrast, the ‘polytrauma’ defini-

tion of Butcher and colleagues with AIS �3 in at least two

different body regions [2,6,8] seemed more reasonable and

feasible in identifying the polytrauma patients. This definition

was shown to be a better predictor of morbidity and mortality

than the definition with an ISS >15 or ISS >17 [2,6,8]. However,

in this study, we failed to demonstrate a significant difference

in short-term mortality between the polytrauma and non-

polytrauma patients. These results are in contrast to the

basic assumption that polytrauma patients are expected to

have a higher risk of mortality than the summation of ex-

pected mortality of their individual injuries [1]. Because the

ISS score had been already calculated from three different

injured body regions, if there was no worse outcome of these

polytrauma patients, then we can just use multitrauma or

multiple trauma to profile these patients and use ISS to depict

the patient outcome, and there was no necessary of the use of

polytrauma to describe the patient condition. Moreover, Paf-

frath et al. had reported the mortality rate of the polytrauma

patients with AIS�3 in at least two different body regions was

even lower (18.7%) than in the whole group with an ISS � 16

points (20.4%) [17]. The discrepancy of our results to those

reported by Butcher and colleagues may be attributed to the

exclusion of non-polytrauma patients with head injuries in

their series. Because the head injury may have an inherently

morbidity and mortality rate than the injury to other regions

[21,22], the exclusion of the head injuries from the non-

polytrauma patients can offer advantages for outcome com-

parison but would limit its feasibility in the clinical setting. In

this study, 77.4% of non-polytrauma patients had a head/neck

AIS �4 points. Polytrauma can indeed affect all body regions

and all organs in an endless amount of combinations. The

exclusion of the majority of patients from one specific group

would result in a bias in the interpretation and limit the use-

fulness of conclusions in clinical application.
AIS/ISS does not reflect the physiological course after

injury, which can be very dynamic in nature and may pro-

foundly influence outcomes. Therefore, the definition of

polytrauma by the number of injured body regions would

make it difficult to be distinguished from the concept of

“multiple trauma”. To improve the specificity of the poly-

trauma definition, some additional qualifying criteria for the

body regions had been proposed, such as laparotomy

involvement [23]; injuries leading to severe shock [24]; and

involving at least one vital organ necessitating patient

admission to a trauma ICU [25]. However, these additional

criteria seemed to be limited and unverified. The levels of

variation differ among trauma centers may be quite

different. A combination of injury severity, relevant patho-

physiologic change, or physiologic changes in the clinical

condition is useful [3]. Kondo et al. documented a good pre-

dictive power for GCS, age, and SBP in terms ofmortality after

an examination of the datasets from 35,732 patients of 115

hospitals from the Japan Trauma Data Bank [26]. An inter-

national consensus meeting in 2012 first tried to specify the

term ‘polytrauma’ by combining the concept of injuries in

different body regions and physiological risk factors [27].

With a minimum addition of one of five standardized phys-

iological responses (hypotension [SBP � 90 mmHg], uncon-

sciousness [GCS score� 8], acidosis [BE��6.0], coagulopathy

[PTT � 40 s or INR � 1.4], and age [�70 years]) to the definition

of ISS � 16 and AIS � 3 for at least two body regions, an

improved definition of polytrauma was determined [5,28]. A

sustained increase in coverage of mortality was noted, with

the ancillary physiologic variables supplementary to the

injury scoring [5].

Our study has some limitations that should be acknowl-

edged. First, owing to the retrospective design of the study,

there is inherent selection bias. Second, the patients declared

dead on hospital arrival or at the accident scene were not

included in the Trauma Registry Database, which may have

led to a bias. Third, the study population, limited to a single

urban trauma center in southern Taiwan, may not be

representative of other populations and a prospective study

conducted in multiple trauma centers may provide more

validated information. Fourth, the descriptive study design

with the lack of data regarding indication of hospitalization

and admission into ICU, type of surgery, and the long-term

mortality of patients prevents evaluation of the effects of

any particular treatment intervention. This means that we

could only rely on the assumption of uniform assessment

and management of patients with or without polytrauma.

For example, in this study, the patients of the polytrauma

group present with worse hymodynamic measures and GCS

compared to that of the non-polytrauma group, but the

short-term mortality was similar between the groups.

Although the results support the concept that the definition

of polytrauma is insufficient, however, the results may be

confounded by some un-explored factors, such as there was

a possibility that the trauma team activation was more

common for the polytrauma group and therefore this group

of patients has been treated more aggressively in the resus-

citation stage. Finally, the cost and resource used were not

evaluated in this study.
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Conclusion

This study of hospitalized trauma patients based on the

Trauma Registry System at a level I trauma center revealed

that patients with polytrauma defined by AIS �3 failed to

recognize a significant difference in short-term mortality

among trauma patients.
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A B S T R A C T

Background: A systolic blood pressure (SBP) lower than the heart rate (HR) could indicate a poor condition in
trauma patients. In such scenarios, the reversed shock index (RSI) is < 1, as calculated by the SBP divided by
the HR. This study aimed to clarify whether RSI could be used to identify high-risk adult patients with isolated
traumatic brain injury (TBI).
Methods: This retrospective study reviewed 1216 hospitalized adult patients with isolated TBI at a Level I trauma
center between January 1, 2009 and December 31, 2015. The patients were grouped and analyzed according to
RSI (< 1 or≥ 1). Subgroups of patients with severe TBI (Glasgow Coma Scale [GCS]≤ 8) or non-severe TBI
(GCS > 8) were also compared. The primary outcome was in-hospital mortality. The odds ratios (ORs) of ca-
tegorical variables were calculated by chi-square tests with 95% confidence intervals (CIs). Mann–Whitney U-
tests were used to analyze non-normally distributed continuous data.
Results: Among patients with isolated TBI, those with an RSI< 1 had higher mortality (44.7% vs. 7.1%, OR:
10.5, 95% CI: 5.36–20.75; P < 0.001) than those with an RSI ≥1. An RSI< 1 indicated a higher risk of
mortality (OR: 5.1, 95% CI: 2.08–12.49; P < 0.001) in patients with severe isolated TBI but not in patients with
non-severe isolated TBI (OR: 3.6, 95% CI: 0.45–28.71; P= 0.267).
Conclusion: Patients with isolated TBI may be at risk for shock. In trauma patients with severe isolated TBI, an
SBP lower than the HR indicates a poor outcome.

1. Background

Traumatic brain injury (TBI) is commonly encountered in the
emergency department [1–3]. Patients with TBI are evaluated ac-
cording to their neurological symptoms and signs, using tools such as
the Glasgow coma scale (GCS), measurements of pupil size, and other
neurological examinations [4,5]. The GCS is broadly accepted as a
standard metric to classify the severity of TBI [6]. However, despite its
widespread use, the GCS has several significant limitations, including
variations in interrater reliability and predictive validity [7]. Thus, the
GCS may not be as reliable as previously believed [8]. To predict the
outcome of patients with TBI, alternative parameters such as age, pupil
size, and the presence of hypotension and anemia has been proposed to

indicate a worse outcome [9,10].
Although most cases of isolated TBI are not associated with a change

in blood pressure, some studies have demonstrated that TBI may in-
fluence blood pressure and mask the severity of the actual injury
[11–13]. In contrast, shock may also result in change in mental status in
trauma patients [14] and was identified as an important poor prog-
nostic factor in patients with trauma injury [15–17]. To identify high-
risk patients in shock in the emergency department, we previously in-
troduced an easily-measured physiological marker, the reverse shock
index (RSI) [18–20], which is the ratio of systolic blood pressure (SBP)
to heart rate (HR). An SBP lower than the HR in trauma patients results
in poor outcomes, including a higher mortality rate and a longer length
of stay (LOS) in the hospital and intensive care unit (ICU) [15,16,18].
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This study investigated whether RSI could be used to assist in the
identification of the subjects with poor outcome among those patients
with isolated TBI.

2. Methods

2.1. Study design

This was a retrospective study and the work has been reported with
the STROCSS criteria [21]. All data from admitted trauma patients
enrolled between January 1, 2009 and December 31, 2015 (see Fig. 1)

were retrieved from the Trauma Registry System of a Level I regional
trauma center [22,23]. Adult patients having isolated TBI with a head
abbreviated injury scale (AIS)≥ 3 and without severe injury to other
regions (other AIS≤ 1) were included. We excluded patients younger
than 18 or older than 65 years of age. Patients with incomplete regis-
tered data were also excluded. The retrieved information included pa-
tient sex; age; comorbidities such as diabetes mellitus, hypertension,
coronary artery disease, congestive heart failure, cerebrovascular ac-
cident, and end-stage renal disease; vital signs that measured by the
machine upon arrival at the emergency department; GCS; injury se-
verity score (ISS) expressed as the median and interquartile range (IQR,

Fig. 1. Enrollment and grouping of adult patients with isolated traumatic brain injury.

Table 1
Comparisons of the injury characteristics and outcomes of patients with isolated traumatic brain injury according to RSI (< 1 or≥ 1).

Variables RSI < 1n=38 RSI ≥1n=1178 Odds Ratio(95% CI) P

Gender, n (%)
Male 26(68.4) 783(66.5) 1.1(0.55–2.19) 0.863
Female 12(31.6) 395(33.5) 0.9(0.46–1.83) 0.863

Age (years) 42.6 ± 14.9 44.2 ± 14.9 – 0.521
GCS [median, (Q1-Q3)] 6(3–15) 15(10–15) – < 0.001
≤8, n (%) 24(63.2) 227(19.3) 7.2(3.66–14.10) < 0.001
9–12, n (%) 3(7.9) 121(10.3) 0.7(0.23–2.47) 0.791
≥13, n (%) 11(28.9) 830(70.5) 0.2(0.08–0.35) < 0.001

ISS [median, (Q1-Q3)] 16(9.0–25.0) 16(10.0–16.3) – 0.013
<16, n (%) 12(31.6) 479(40.7) 0.7(0.34–1.35) 0.315
16–24, n (%) 12(31.6) 540(45.8) 0.5(0.27–1.09) 0.098
≥25, n (%) 1(36.8) 159(13.5) 3.8(1.89–7.38) < 0.001

Head trauma, n (%)
Cranial fracture 12(31.6) 302(25.6) 1.3(0.67–2.69) 0.451
EDH 6(15.8) 276(23.4) 0.6(0.25–1.48) 0.332
SDH 18(47.4) 589(50.0) 0.9(0.47–1.72) 0.869
SAH 18(47.4) 598(50.8) 0.9(0.46–1.67) 0.743
ICH 3(7.9) 116(9.8) 0.8(0.24–2.59) 0.792
Cerebral contusion 7(18.4) 283(24.0) 0.7(0.31–1.64) 0.452

Procedures in the ER, n (%)
CPR 7(18.4) 1(0.1) 265.8(31.7–2226.2) < 0.001
Intubation 7(18.4) 96(8.1) 2.5(1.09–5.93) 0.036
Chest tube insertion 1(2.6) 0(0.0) – 0.031
Blood transfusion 7(18.4) 42(3.6) 6.1(2.54–14.67) 0.001

LOS in hospital (days) 6.5(2.0–12.3) 8.0(4.0–14.3) – 0.191
ICU admission, n (%) 28(73.7) 788(66.9) 1.4(0.67–2.88) 0.483
LOS in ICU (days) 4.0(3.0–13.0) 4.0(3.0–7.0) – 0.222
Operation, n (%) 14(36.8) 408(34.6) 1.1(0.56–2.15) 0.863
Mortality, n (%) 17(44.7) 84(7.1) 10.5(5.36–20.75) < 0.001

Abbreviations: RSI, reversed shock index; CI, confidential interval; SBP, systolic blood pressure; ISS, Injury Severity Score; GCS, Glasgow coma scale; LOS, length of
stay; ICU, intensive care unit; ER, emergency room; CPR, cardiopulmonary resuscitation; EDH, epidural hematoma; SDH, subdural hematoma; SAH, subarachnoid
hematoma; ICH, intracerebral hematoma.
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Q1–Q3); procedures performed in the emergency department, including
cardiopulmonary resuscitation (CPR), intubation, chest tube insertion,
and blood transfusion; hospital and ICU LOS; rates of ICU admission;
and in-hospital mortality. Patients were grouped and analyzed ac-
cording to RSI (< 1 or≥ 1). The patients were also categorized as
having severe TBI (GCS≤ 8) or non-severe TBI (GCS > 8.)

The statistical analyses were performed using IBM SPSS Statistics for
Windows, version 22.0. Categorical data were expressed as frequency
(%) and compared using two-sided Fisher's exact or Pearson's chi-
square tests. The odds ratios (ORs) with 95% confidence intervals (CIs)
of the associated conditions of the patients were presented. For con-
tinuous variable associations, Mann–Whitney U-tests were used to
analyze non-normally distributed continuous data, which was reported
as means ± standard deviation. By plotting specific receiver operating
characteristic (ROC) curves, the accuracy of SBP in predicting the
mortality outcomes as an area under the curve (AUC) was calculated
based on the maximal Youden index (sensitivity + specificity − 1). A
nonparametric approach was performed to compare the accuracy of
AUC ROC curves using the roc & roc.test function in the pROC package
in R3.3.3 (R Foundation for Statistical Computing). P-values< 0.05
were considered statistically significant.

3. Results

3.1. Characteristics of patients with isolated TBI

A total of 1216 hospitalized adult patients with isolated TBI were
enrolled in this study. As shown in Table 1, patients with isolated TBI
grouped according to RSI< 1 (n= 38) or RSI≥ 1 (n= 1178) showed
no significant differences in age, gender, and co-morbidities. The GCS
score of patients with RSI< 1 was significantly lower than that of pa-
tients with RSI ≥1 (median [Q1-Q3], 6 [3–15] vs. 15 [10–15], re-
spectively; P < 0.001), with a higher incidence of GCS≤ 8 and a lower
incidence of GCS≥ 13 in patients with RSI< 1. More patients had an
ISS ≥25 (36.8% vs. 13.5%, respectively; p < 0.001), and patients with
RSI< 1 had a higher ISS than that in patients with RSI ≥1 (median
[Q1-Q3], 16 [9.0–25.0] vs. 16 [10.0–16.3], respectively; p= 0.013).
Regarding TBI diagnosis, nearly half of the patients with isolated TBI
had subarachnoid or subdural hemorrhages. However, there were no
significant differences in the diagnoses of head trauma between patients
with RSI< 1 and those with and RSI ≥1.

3.2. Outcome of patients with isolated TBI

Patients with RSI< 1 more often required emergent resuscitation
than those with RSI ≥1. The rates of CPR, intubation, chest tube in-
sertion, and blood transfusion were significantly higher in patients with
RSI< 1 than in patients with RSI ≥1 (CPR, OR: 265.8, 95% CI:
31.7–2226.2; P < 0.001; intubation, OR: 2.5, 95% CI: 1.09–5.93;
P=0.036; blood transfusion, OR: 6.1, 95% CI: 2.54–14.67; P= 0.001).
There were no significant differences in the hospital and ICU LOS, the

rates of ICU admission, and the rates of operation between patients with
RSI< 1 and with RSI ≥1. A lower SBP was associated with a higher
odd of mortality. As shown in the Supplemental Fig. 1, those who had
SBP<90mmHg had 11.4-fold of mortality than those patients with
SBP ≥90mmHg; in contrast, those who had SBP<30mmHg had 41.4-
fold of mortality than those patients with a SBP ≥30mmHg. However,
a poor predictive accuracy (AUC 0.503) of SBP was found
(Supplemental Fig. 2). The SBP can estimate the probability of dying of
the patients with a sensitivity of 31.7% and specificity of 81.7% under
the cutoff value of 83mmHg. A significant ∼10-fold higher mortality
rate was observed in patients with RSI< 1 than in those with RSI ≥1
(OR: 10.5, 95% CI: 5.36–20.75; P < 0.001).

3.3. Outcome of patients with severe isolated TBI

Patients with severe isolated TBI were grouped according to RSI< 1
(n= 24) or RSI≥ 1 (n= 227) (Table 2). There were no significant
differences in patient gender, age, and comorbidities between these
groups. The hospital LOS was significantly shorter in patients with
RSI< 1 (median 8 days vs.14 days, respectively; P < 0.001). There
were no significant differences in the ICU LOS, ICU admission rates, and
the rates of operation between patients with RSI< 1 and those with RSI
≥1. A significantly higher mortality rate was observed in patients with
RSI< 1 than in patients with RSI ≥1 (OR: 5.1, 95% CI: 2.08–12.49;
P < 0.001).

3.4. Outcome of patients with non-severe isolated TBI

Patients with non-severe isolated TBI were grouped according to
RSI< 1 (n=14) or RSI≥ 1 (n= 951) (Table 3). There were no sig-
nificant differences in patient gender, age, and comorbidities between
the groups. There were no significant differences in the hospital and
ICU LOS, ICU admission rates, and the rates of operation between the
patients with RSI< 1 and with RSI ≥1. No significant difference in
mortality rate was observed between the groups (OR: 3.6, 95% CI:
0.45–28.71; P=0.267).

4. Discussion

The results of this study demonstrated that an SBP lower than the
HR (RSI < 1) indicated a worse outcome, including a longer hospital
LOS and higher mortality, among patients with severe isolated TBI but
not among patients with non-severe isolated TBI. In this study, we in-
cluded only patients with isolated TBI. Patients with major bleeding
from other body regions were excluded; therefore, significant blood loss
could not explain the decreased SBP. Moreover, although increased
intracranial pressure following head trauma can make vital signs un-
stable, this condition is generally accompanied by a high mean arterial
blood pressure [24–27]. A decreased SBP with variant HR may occur in
patients with a more serious head injury, such as brain stem failure,
indicating the loss of sympathetic tone and ability to auto-regulate

Table 2
Comparisons of the injury characteristic and outcomes of patients with severe isolated traumatic brain injury (GCS≤ 8) according to RSI (< 1 or≥ 1).

Variables RSI < 1n=14 RSI ≥1n=951 Odds Ratio(95% CI) P

Gender, n (%)
Male 15(62.5) 165(72.7) 0.6(0.26–1.51) 0.341
Female 9(37.5) 62(27.3) 1.6(0.67–3.84) 0.341

Age (years) 44.3 ± 13.8 42.7 ± 15.6 – 0.639
LOS in hospital (days) 8.0(1.3–12.8) 14.0(5.0–27.0) – < 0.001
ICU admission, n (%) 21(87.5) 198(87.2) 1.0(0.29–3.65) 1.000
LOS in ICU (days) 6.0(3.0–14.0) 7.0(4.0–14.0) – 0.815
Operation, n (%) 13(54.2) 139(61.2) 0.7(0.32–1.74) 0.517
Mortality, n (%) 16(66.7) 64(28.2) 5.1(2.08–12.49) < 0.001

Abbreviation: RSI, reversed shock index; CI, confidential interval; LOS, length of stay; ICU, intensive care unit.

J.-F. Huang et al. International Journal of Surgery 61 (2019) 48–52

50



blood pressure [27–30]. Head injury may also attenuate changes in
vital signs [11], and extremely high and low shock indexes are asso-
ciated with higher mortality in patients with acute stroke [31].
Therefore, clinicians should never assume that isolated TBI is not ac-
companied by shock. In contrast, potential shock, demonstrated as
RSI< 1, was associated with worse outcomes in these patients.

Patients in the emergency department were usually classified by the
GCS score, as having severe (GCS score≤ 8) or mild to moderate head
injuries (GCS > 8) [4,14]. Patients with brain stem failure or im-
pending brain stem failure would be expected to present with lower
coma scale score and tended to sustain severe head injuries. Among
patients with severe isolated TBI, a 5.1-fold increase in mortality rate
was observed in those with RSI< 1 compared to the rate in patients
with RSI ≥1. Moreover, patients with RSI< 1 had a shorter hospital
LOS. This shorter LOS may be attributed to the higher mortality rate
(66.7%) of these patients than the 28.2% mortality rate of patients with
RSI≥ 1. In contrast, among patients with mild to moderate isolated TBI
(GCS > 8), there were no significant differences in mortality rate, rates
of ICU admission, and hospital and ICU LOS between patients with
RSI < 1 and with RSI ≥ 1. Shock was possible, although rare, in pa-
tients with higher GCS scores and without brain stem failure or im-
peding brain stem failure. An SBP lower than the HR may be attributed
to unstable vital signs in patients with isolated mild and moderate head
injuries. These trauma patients may also have different baseline char-
acteristics (lower SBP or higher HR, orthotic hypotension) [32]. In
contrast, among patients with non-severe (i.e., mild to moderate) iso-
lated head injury, a higher blood pressure may be associated with se-
vere conditions such as increased intracranial blood pressure or cere-
bral edema [24,26,33]. However, the extent of the detrimental effect of
unstable vital signs may not be enough to cause a poor outcome in these
patients. Among those non-severe TBI patients, shock could be attrib-
uted to other cause than neurogenic.

4.1. Limitations

This study had several limitations. First, this retrospective study had
an inherent bias in the data analysis. In addition, all data were retrieved
from a single center. Second, the RSI was calculated by the SBP and HR
measured upon patient arrival at the emergency department; these
values may not reflect hemodynamic status changes and may be af-
fected if fluid or blood were administered during the transportation to
the emergency department. Therefore, we cannot evaluate in this study
whether there is dose-response of RSI, i.e. whether there is more un-
favorable outcome in those patients with a longer duration of RSI.
Third, the outcome of this study was evaluated by mortality rate, rate of
ICU admission, and LOS in the hospital and ICU and no functional
outcomes were considered. Fourth, this study was performed on one
trauma center and the results may not be reproducible in other hospital.
Fifth, different managements may exist among those who had different
RSI, which may be related to different injured severity and outcome. In
such scenario, a selection bias is expected; however, in this

retrospective study, we can only assume there are uniform treatment
for all these patients regardless of their RSI. Furthermore, the severity
of brain damage could not be quantified by computed tomography
examination. Finally, the number of patients was relatively small,
which may have led to a false estimate of the relative odds of the risk of
mortality and make an unreliable conclusion due to lack of statistical
power. A study implemented on multiple trauma centers would be
helpful to improve the statistical power and get a more confirmative
conclusion.

5. Conclusion

SBP lower than the HR, i.e. RSI< 1, indicated a poor outcome in
patients with severe isolated TBI but not in patients with non-severe
isolated TBI.
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Table 3
Comparisons of the injury characteristics and outcomes of patients with non-severe isolated traumatic brain injury (GCS > 8) according to RSI (< 1 or≥ 1).

Variables RSI < 1n=14 RSI ≥1n=951 Odds Ratio(95% CI) P

Gender, n (%)
Male 11(78.6) 618(65.0) 2.0(0.55–7.13) 0.401
Female 3(21.4) 333(35.0) 0.5(0.14–1.83) 0.401

Age (years) 39.7 ± 16.7 44.5 ± 14.7 – 0.224
LOS in hospital (days) 6.0(3.8–10.0) 8.0(4.0–13.0) – 0.672
ICU admission, n (%) 7(50.0) 590(62.0) 0.6(0.21–1.76) 0.410
LOS in ICU (days) 4.0(2.0–4.0) 4.0(3.0–6.0) – 0.397
Operation, n (%) 1(7.1) 269(28.3) 0.2(0.03–1.50) 0.129
Mortality, n (%) 1(7.1) 20(2.1) 3.6(0.45–28.71) 0.267

Abbreviation: RSI, reversed shock index; CI, confidential interval; LOS, length of stay; ICU,intensive care unit.
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Abstract: Background: This study was designed to measure the effect of stress-induced
hyperglycemia (SIH) and diabetic hyperglycemia (DH) versus non-diabetic normoglycemia (NDN)
on the outcomes of trauma patients in the intensive care unit (ICU). Methods: Diabetes mellitus
(DM) was determined based on patient history and/or a hemoglobin A1c (HbA1c) level of ≥6.5% at
admission. The patients who had serum glucose levels of ≥200 mg/dL in the absence or presence
of DM were assigned into the groups SIH and DH, respectively. Diabetic normoglycemia (DN) and
NDN were determined based on serum glucose levels of <200 mg/dL in patients with and without
DM, respectively. Patients with burn injury or incomplete data were excluded. Detailed data of
trauma patients in the ICU of a Level-I trauma center from 1 January 2009 to 31 December 2016
were retrieved from the database of the Trauma Registry System. These patients were classified into
four exclusive groups, including NDN (n = 1745), DN (n = 306), SIH (n = 225) and DH (n = 206).
The Pearson chi-square test was used to compare categorical data between groups. Continuous
variables were compared using one-way analysis of variance along with the Games–Howell post hoc
test. To decrease the confounding effect of the differences in sex and age, preexisting comorbidities
and injury severity score (ISS) among different groups of patients, 1:1 ratio propensity score-matched
cohorts were assigned using the NCSS software. The effect of hyperglycemia on the outcomes of
patients with and without DM was assessed with a logistic regression analysis. Results: Among those
selected propensity score-matched patient cohorts, the patients with SIH and DH had a 3.88-fold
(95% CI, 2.13–7.06; p < 0.001) and 1.83-fold (95% CI, 1.00–3.34; p = 0.048) higher mortality, respectively,
than those with NDN. Moreover, the patients in the SIH group (10.0 vs. 7.4 days; p = 0.005) and those
in the DH group (10.1 vs. 7.4 days; p = 0.006) who were admitted to the ICU had a significantly longer
length of stay than those in the NDN group. In addition, the SIH group had a 2.13-fold (95% CI,
1.04–4.36; p = 0.038) higher adjusted odds ratio for mortality than the DH group. Conclusions:
This study revealed significantly worse outcomes in terms of mortality among patients with SIH and
DH who were admitted to the ICU after controlling for sex and age, preexisting comorbidities and
ISS. In addition, patients who had SIH presented significantly higher adjusted odds for mortality
than those DH patients. These results suggest that hyperglycemia is detrimental in patients with or
without DM who were admitted to the ICU, and there is a different pathophysiological mechanisms
behind the SIH and DH.
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1. Background

Hyperglycemia is commonly presented among patients in the intensive care unit (ICU). Several
published studies have indicated an association between hyperglycemia (a level of serum glucose
≥200 mg/dL) and worse outcomes in trauma patients who were admitted to the ICU [1–4]. However,
not all patients with hyperglycemia had diabetes mellitus (DM), and hyperglycemia may be due
to undiagnosed DM or may be secondary to stress [5]. In 2014, there were 21 million individuals
presenting with DM and 8.1 million individuals had undiagnosed DM, accounting for 6.7% and 2.6%
of the total population, respectively, in the United States [6]. Nearly a quarter of the trauma patients
with hyperglycemia were attributed to an undiagnosed DM, which was determined based on an
elevated HbA1c level [7]. In a study on 5117 trauma patients, DM was found in 446 patients (8.7%),
of which 137 (2.7%) were either diagnosed with occult DM, had an elevated HbA1c level or did not
have a history of DM [8]. Of the 137 patients with undiagnosed DM, 85 presented with hyperglycemia,
accounting for 16.8% of the patients with hyperglycemia [9].

With the correlation between cortisol and catecholamine levels and injury severity [10], stress-induced
hyperglycemia (SIH) commonly occurs in trauma patients who have critical illnesses [9,11–16].
The neuroendocrine response to stress can increase the greater adrenal cortical output by 10 times,
including excessive glycogenolysis, gluconeogenesis and insulin resistance [17]. An increased level of the
pituitary hormone and sympathetic nervous system activation can result in a significant increase in blood
glucose levels [18]. Hyperglycemia is believed to be attributed to the insufficient secretion of insulin to
cope with the hyperglycemic effect from the catecholamine [19]. Patients with preexisting DM are more
susceptible to hyperglycemia due to insulin resistance and subsequent hyperglucagonemia as a natural
progression of the disease than in patients without DM during the acute illness [20].

The critically ill nondiabetic hyperglycemic population comprises patients with undiagnosed DM
and the patients with SIH [5,21]. The severity of SIH is characterized by its higher rates of morbidity
and mortality when compared with those without preexisting DM [13,15,16,22,23]. In the evaluation of
the differential effect of SIH versus diabetic hyperglycemia (DH) on the outcomes of trauma patients,
a significantly higher mortality rate had been reported in those patients with SIH, but not with
DH [8,24–26]. The mortality risk was two-fold higher in patients with SIH than the DH patients,
whose mortality risk did not significantly increase [8]. Among the selected propensity score-matched
patients in terms of all trauma cases, similar results were observed as those patients with SIH had
3.0-fold higher odds ratio of mortality than the patients with non-diabetic normoglycemia (NDN).
Nonetheless, patients with DH did not have a significantly increased rate of mortality than those
NDN [24]. Few studies have evaluated the differential effect of SIH versus DH on the outcomes of
critically ill trauma patients who required ICU admission [8,27]. This study was designed to measure
the effect of SIH and DH versus NDN on the outcomes of trauma patients in the ICU under the
reduction of the confounding effect of the differences in sex and age, preexisting comorbidities and
injury severity among the patient cohorts. Moreover, selected propensity score-matched patients were
evaluated for outcome assessment. We hypothesized that patients with SIH who were admitted to the
ICU had a worse outcome than those patients with DH.

2. Methods

2.1. Ethics Statement

The institutional review board (IRB) of the Kaohsiung Chang Gung Memorial Hospital, a Level I
regional trauma center in southern Taiwan [28,29], approved this study with Reference Number
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201701331B0. The need for informed consent was waived because this is a retrospective study that
used data from the registered data of the Trauma Registry System.

2.2. Study Population

This study included all adult patients who sustained a trauma injury and were admitted to the
ICU from 1 January 2009 to 31 December 2016. This study only included adult patients aged ≥20 years
with available data of serum glucose level at the emergency department (ED), as well as a history of
DM or measured HbA1c level. Patients with burn injury or incomplete data were excluded. Based on
the current recommendations of the American Diabetes Association [30], hyperglycemia is diagnosed
when there was a serum glucose level of ≥200 mg/dL at ED, and DM was defined according to
patient history and/or hemoglobin A1c (HbA1c) level of ≥6.5% upon or during the first month of
admission. Therefore, patients without hyperglycemia, but with DM were assigned to the NDN group,
and those without hyperglycemia, but with DM were assigned to the DN group. Moreover, patients
who had hyperglycemia with and without DM were assigned to the DH and SIH groups, respectively.
The study population was classified into four exclusive groups according to the abovementioned
definitions (Figure 1). The retrieved information of the patients included: age; sex; comorbidities, such
as coronary artery disease (CAD), congestive heart failure (CHF) and cerebral vascular accident (CVA),
hypertension (HTN) and end-stage renal disease (ESRD); serum glucose level upon admission to ED;
HbA1c level upon admission to ED or within 1 month of hospitalization; ISS; comorbidities such as
pneumonia or acute renal failure (ARF) diagnosed during the course of hospitalization; length of stay
(LOS) in the ICU; and mortality in the hospital.
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normoglycemia (DN), stress-induced hyperglycemia (SIH) and diabetic hyperglycemia (DH) groups 
according to the existence of hyperglycemia (serum glucose level ≥200 mg/dL) and DM (patient 
history and/or admission HbA1c level ≥6.5%). 

Figure 1. Flowchart of the allocation of patients into the non-diabetic normoglycemia (NDN), diabetic
normoglycemia (DN), stress-induced hyperglycemia (SIH) and diabetic hyperglycemia (DH) groups
according to the existence of hyperglycemia (serum glucose level ≥200 mg/dL) and DM (patient
history and/or admission HbA1c level ≥6.5%).

2.3. Statistical Analysis

Statistical analysis was performed using Windows Version 22.0 SPSS software (IBM Corp.,
Armonk, NY, USA). Mortality of the patients in the hospital was the primary outcome of the study.
The secondary outcomes included LOS in the ICU and the prevalence rate of pneumonia and ARF
during hospitalization. The odds ratios (ORs) with 95% CIs of the associated conditions of the
patients were presented. The Levene’s test was used to estimate the homogeneity of variance of
the continuous variables. For the continuous variables, the one-way analysis of variance (ANOVA)
with the Games–Howell post hoc test was used to evaluate the differences among groups of patients.
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Continuous data were expressed as the mean ± the standard deviation. The ISS was expressed as the
median and interquartile range (IQR, Q1–Q3). To reduce the confounding effects of a non-randomized
assignment in assessing outcomes of patients, the NCSS software (NCSS 10; NCSS Statistical Software,
Kaysville, UT, USA) was used to create a 1:1 matched patient cohort according to the propensity
scores calculated with the greedy method with the following covariates: sex and age, preexisting
comorbidities and ISS. The mortality outcomes, as well as the prevalence rates of pneumonia and
ARF were assessed using a binary logistic regression model. The LOS in the ICU was calculated with
ANOVA. Statistically significance was indicated when there was a p-value < 0.05.

3. Results

3.1. Patient and Injury Characteristics

During the study period, a total of 2482 patients were enrolled in this study (Figure 1) and
assigned into four groups: NDN (n = 1745), DN (n = 306), SIH (n = 225) and DH (n = 206) (Table 1).
Compared with the NDN group, a significant predominant female population was observed in the
patients with DN and DH (Table 2). However, in terms of sex, there was no significant difference
between the SIH and NDN group. The patients with DN and DH were significantly older than those
with NDN. However, no significant difference was found between the patients in the SIH and NDN
groups in terms of age. In addition, the patients with SIH were significantly younger than those with
DH. The prevalence rates of DN and DH among individuals with comorbidities were significantly higher
than those with NDN. However, no significant difference was observed in the SIH group compared with
the NDN group in terms of the prevalence rates of comorbidities. The prevalence rates of preexisting
comorbidities, such as HTN, CAD and CVA, were significantly lower among patients with SIH than those
patients with DH. With a higher ISS, the individuals with SIH (median (IQR, Q1–Q3), 24 [16–29]) had a
significantly severe injury compared to those with NDN (16 [13–24]), DN (16 [9–20]) and DH (17 [14–25]).
Compared with NDN, DH had a significantly higher ISS. However, DN had a significantly lower ISS.
In addition, more patients with SIH had an ISS of ≥25 than those patients in the NDN, DN or DH group.

Table 1. Epidemiological characteristics of the patients.

Variables NDN (n = 1745) DN (n = 306) SIH (n = 225) DH (n = 206)

Sex

Male 1144 (65.6) 164 (53.6) 145 (64.4) 117 (56.8)
Female 601 (34.4) 142 (46.4) 80 (35.6) 89 (43.2)

Age 53.3 ± 20.5 69.1 ± 11.8 54.0 ± 17.9 65.5 ± 12.9

Comorbidity
HTN 407 (23.3) 209 (68.3) 51 (22.7) 128 (62.1)
CAD 79 (4.5) 37 (2.1) 9 (4.0) 29 (14.1)
CHF 8 (0.5) 7 (2.3) 3 (1.3) 6 (2.9)
CVA 60 (3.4) 43 (14.1) 3 (1.3) 20 (9.7)
ESRD 3 (0.2) 0 (0.0) 0 (0.0) 0 (0.0)

ISS, median = (IQR) 16 (13–24) 16 (9–20) 24 (16–29) 17 (14–25)
<16 542 (31.1) 108 (35.3) 40 (17.8) 55 (26.7)
16–24 809 (46.4) 142 (46.4) 75 (33.3) 92 (44.7)
≥25 394 (22.6) 56 (18.3) 110 (48.9) 59 (28.6)

Mortality, n (%) 161 (9.2) 27 (8.8) 77 (34.2) 41 (19.9)
ICU LOS (days) 6.7 ± 7.8 8.9 ± 10.9 10.1 ± 12.0 10.1 ± 11.2
Pneumonia 74 (4.2) 28 (9.2) 12 (5.3) 20 (9.7)
ARF 19 (1.1) 8 (2.6) 4 (1.8) 3 (1.5)

HTN = hypertension; CAD = coronary artery disease; CHF = congestive heart failure; CVA = cerebral vascular
accident; ESRD = end-stage renal disease; ISS = injury severity score; IQR = interquartile range; ICU = intensive
care unit; LOS = length of stay; ARF = acute renal failure; NDN = nondiabetic normoglycemia; DN = diabetic
normoglycemia; SIH = stress-induced hyperglycemia; DH = diabetic hyperglycemia.
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Table 2. Comparison of the characteristics, injury severities and outcomes among the patient groups.

DN vs. NDN SIH vs. NDN DH vs. NDN SIH vs. DH

Variables OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p

Sex <0.001 0.741 0.013 0.104
Male 0.61 (0.48–0.78) 0.95 (0.71–1.27) 0.69 (0.52–0.93) 1.38 (0.94–2.03)
Female 1.65 (1.29–2.11) 1.05 (0.79–1.40) 1.45 (1.08–1.94) 0.73 (0.49–1.07)

Age - <0.001 - 0.544 - <0.001 - <0.001

Comorbidity
HTN 7.08 (5.43–9.23) <0.001 0.96 (0.69–1.34) 0.826 5.40 (3.99–7.30) <0.001 0.18 (0.12–0.27) <0.001
CAD 2.90 (1.92–4.38) <0.001 0.88 (0.44–1.78) 0.719 3.46 (2.20–5.43) <0.001 0.25 (0.12–0.55) <0.001
CHF 5.08 (1.83–14.12) 0.003 2.93 (0.77–11.14) 0.122 6.51 (2.24–18.96) 0.002 0.45 (0.11–1.83) 0.321
CVA 4.59 (3.04–6.94) <0.001 0.38 (0.12–1.22) 0.091 3.02 (1.78–5.12) <0.001 0.13 (0.04–0.43) <0.001
ESRD - 1.000 - 1.000 - 1.000 - -

ISS, median (IQR) - <0.001 - <0.001 - 0.194 - <0.001
Mortality, n (%) 0.95 (0.62–1.46) 0.822 5.12 (3.72–7.05) <0.001 2.45 (1.67–3.57) <0.001 2.09 (1.35–3.25) 0.001
ICU LOS (days) - 0.001 - <0.001 - <0.001 - 0.986
Pneumonia 2.27 (1.45–3.58) <0.001 1.27 (0.68–2.38) 0.450 2.43 (1.45–4.07) 0.001 0.52 (0.25–1.10) 0.084
ARF 2.44 (1.06–5.62) 0.049 1.64 (0.55–4.88) 0.324 1.34 (0.39–4.58) 0.500 1.23 (0.27–5.54) 1.000

HTN = hypertension; CAD = coronary artery disease; CHF = congestive heart failure; CVA = cerebral vascular accident;
ESRD = end-stage renal disease; ISS = injury severity score; IQR = interquartile range; ICU = intensive care unit;
LOS = length of stay; ARF = acute renal failure; NDN = nondiabetic normoglycemia; DN = diabetic normoglycemia;
SIH = stress-induced hyperglycemia; DH = diabetic hyperglycemia; CI = confidence interval; OR = odds ratio.

3.2. Outcomes of the Patients

The SIH group had 5.12-fold higher rates of mortality (95% CI, 3.72–7.05; p < 0.001) and a
significantly longer stay in the ICU (10.1 vs. 6.7 days, respectively; p < 0.001) than the NDN group.
However, no significant difference was found in the odds for pneumonia and ARF. Compared to
NDN, DH had 2.45-fold higher odds for mortality (95% CI, 1.67–3.57; p < 0.001), a longer LOS in the
ICU (10.1 vs. 6.7 days, respectively; p < 0.001) and higher odds for patients to sustain pneumonia
complication (OR, 2.43; 95% CI, 1.45–4.07; p = 0.001). However, there was no significant difference in
terms of the prevalence rate of ARF between the DH and the NDN groups. The DN group did not have
a significantly higher odds of mortality than the NDN group; however, the DN group had a longer
LOS in the ICU and higher rates of pneumonia (OR, 2.27; 95% CI, 1.45–3.58; p < 0.001), as well as ARF
(OR, 2.44; 95% CI, 1.06–5.62; p = 0.049). Compared to the DH group, the SIH group had significantly
higher odds for mortality, but no significant differences were observed in the LOS in the ICU, as well
as in the odds for patients with pneumonia and ARF between these two groups of patients.

3.3. Outcomes of the Selected Propensity Score-Matched Patients

With the decrease in the effect of the differences in sex and age, preexisting comorbidities and ISS of
the patient population on the outcome assessment, patients in propensity score-matched cohorts were
selected for further comparison. Using the NDN group as the control, 290, 214 and 200 well-balanced
pairs of individuals with DN, SIH and DH, respectively, were selected. Using the DH group as the
control, 106 balanced pairs of individuals with SIH were selected. There were no significant differences
among the selected pairs of propensity score-matched patients in terms of sex, age, comorbidity and
ISS (Table 3). As shown in Table 4, outcomes of the propensity score-matched patients revealed that,
compared to the NDN group, the patients with SIH had 3.88-fold higher odds for mortality (95% CI,
2.13–7.06; p < 0.001), and the LOS in the ICU was significantly longer (10.0 vs. 7.4 days, respectively;
p = 0.005). However, no significant differences were observed in the prevalence rates of pneumonia
and ARF between the SIH and NDN groups. The patients with DH had a 1.83-fold higher odds for
mortality (95% CI, 1.00–3.34; p = 0.048), and the LOS in the ICU was significantly longer (10.1 vs.
7.4 days, respectively; p = 0.006) than the patients with NDN. However, there were no differences
regarding the prevalence rates of pneumonia and ARF between the SIH and NDN groups. Between the
NDN and DN groups, the mortality rate, LOS in the ICU or prevalence rates of pneumonia and ARF
did not significantly differ. Compared to those patients with DH, the patients with SIH still present
2.13-fold higher odds for mortality (95% CI, 1.04–4.36; p = 0.038). No differences were observed in the
LOS in the ICU and prevalence rates of pneumonia and ARF between the SIH and DH groups.
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Table 3. Assessment of covariates in patients adjusted in 1:1 greedy propensity-score matching.

Propensity-Score Matched Cohort

DN vs. NDN DN (n = 290) NDN (n = 290) OR (95% CI) p

Sex 1.00 (0.72–1.39) 1.000
Male 158 (54.5) 158 (54.5)
Female 132 (45.5) 132 (45.5)

Age 69.1 ± 11.8 69.1 ± 12.0 0.992

Comorbidity
HTN 195 (67.2) 195 (67.2) 1.00 (0.71–1.42) 1.000
CAD 27 (9.3) 27 (9.3) 1.00 (0.57–1.75) 1.000
CHF 1 (0.3) 1 (0.3) 1.00 (0.06–16.06) 1.000
CVA 33 (11.4) 33 (11.4) 1.00 (0.60–1.67) 1.000
ESRD 0 0 - -

ISS, median (IQR) 16 (9–20) 16 (9–20) - 0.696

SIH vs. NDN SIH (n = 214) NDN (n = 214) OR (95% CI) p

Sex 1.00 (0.67–1.49) 1.000
Male 138 (64.5) 138 (64.5)
Female 76 (35.5) 76 (35.5)

Age 53.8 ± 17.6 53.5 ± 17.7 - 0.883

Comorbidity
HTN 48 (22.4) 48 (22.4) 1.00 (0.64–1.58) 1.000
CAD 6 (2.8) 6 (2.8) 1.00 (0.32–3.15) 1.000
CHF 0 (0.0) 0 (0.0) - -
CVA 3 (1.4) 3 (1.4) 1.00 (0.20–5.01) 1.000
ESRD 0 (0.0) 0 (0.0) - -

ISS, median (IQR) 24 (16–29) 24 (16–29) - 0.964

DH vs. NDN DH (n = 200) NDN (n = 200) OR (95% CI) p

Sex 1.00 (0.67–1.49) 1.000
Male 115 (57.5) 115 (57.5)
Female 85 (42.5) 85 (42.5)

Age 65.4 ± 13.0 65.8 ± 13.3 - 0.767

Comorbidity
HTN 124 (62.0) 124 (62.0) 1.00 (0.67–1.50) 1.000
CAD 27 (13.5) 27 (13.5) 1.00 (0.56–1.78) 1.000
CHF 1 (0.5) 1 (0.5) 1.00 (0.06–16.10) 1.000
CVA 20 (10.0) 20 (10.0) 1.00 (0.52–1.92) 1.000
ESRD 0 (0.0) 0 (0.0) - -

ISS, median (IQR) 17 (14–25) 17 (13.25–25) - 0.767

SIH vs. DH SIH (n = 106) DH (n = 106) OR (95% CI) p

Sex 1.00 (0.58–1.72) 1.000
Male 61 (57.5) 61 (57.5)
Female 45 (42.5) 45 (42.5)

Age 61.8 ± 15.0 61.5 ± 13.9 - 0.872

Comorbidity
HTN 42 (39.6) 42 (39.6) 1.00 (0.58–1.73) 1.000
CAD 5 (4.7) 5 (4.7) 1.00 (0.28–3.56) 1.000
CHF 0 (0.0) 0 (0.0) - -
CVA 3 (2.8) 3 (2.8) 1.00 (0.20–5.07) 1.000
ESRD 0 (0.0) 0 (0.0) - -

ISS, median (IQR) 20 (16–25) 20 (16–25) - 0.998

HTN = hypertension; CAD = coronary artery disease; CHF = congestive heart failure; CVA = cerebral vascular
accident; ESRD = end-stage renal disease; ISS = injury severity score; IQR = interquartile range; ICU = intensive care
unit; LOS = length of stay; NDN = nondiabetic normoglycemia; DN = diabetic normoglycemia; SIH = stress-induced
hyperglycemia; DH = diabetic hyperglycemia.
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Table 4. Outcomes comparison among the selected propensity score-matched patients.

Propensity-Score Matched Cohort

DN vs. NDN DN (n = 290) NDN (n = 290) OR (95% CI) p

Mortality, n (%) 26 (9.0) 33 (11.4) 0.70 (0.39–1.25) 0.226
ICU LOS (days) 8.5 ± 10.2 7.3 ± 8.0 - 0.108
Pneumonia 26 (9.0) 18 (6.2) 1.47 (0.78–2.75) 0.232
ARF 7 (2.4) 2 (0.7) 3.77 (0.76–18.63) 0.103

SIH vs. NDN SIH (n = 214) NDN (n = 214) OR (95% CI) p

Mortality, n (%) 69 (32.2) 30 (14.0) 3.88 (2.13–7.06) <0.001
ICU LOS (days) 10.0 ± 11.6 7.4 ± 6.8 - 0.005
Pneumonia 12 (5.6) 12 (5.6) 1.24 (0.48–3.19) 0.651
ARF 4 (1.9) 3 (1.4) 0.75 (0.15–3.70) 0.723

DH vs. NDN DH (n = 200) NDN (n = 200) OR (95% CI) p

Mortality, n (%) 39 (19.5) 25 (12.5) 1.83 (1.00–3.34) 0.048
ICU LOS (days) 10.1 ± 11.2 7.4 ± 8.3 - 0.006
Pneumonia 19 (9.5) 13 (6.5) 1.57 (0.70–3.52) 0.270
ARF 2 (1.0) 2 (1.0) 0.66 (0.09–5.08) 0.691

SIH vs. DH SIH (n = 106) DH (n = 106) OR (95% CI) p

Mortality, n (%) 33 (31.1) 20 (18.9) 2.13 (1.04–4.36) 0.038
ICU LOS (days) 10.3 ± 12.9 9.0 ± 9.2 - 0.395
Pneumonia 6 (5.7) 10 (9.4) 0.64 (0.21–1.94) 0.425
ARF 1 (0.9) 2 (1.9) 0.58 (0.05–6.59) 0.658

HTN = hypertension; CAD = coronary artery disease; CHF = congestive heart failure; CVA = cerebral vascular
accident; ESRD = end-stage renal disease; ISS = injury severity score; IQR = interquartile range; ICU = intensive
care unit; LOS = length of stay; ARF = acute renal failure; NDN = nondiabetic normoglycemia; DN = diabetic
normoglycemia; SIH = stress-induced hyperglycemia; DH = diabetic hyperglycemia; CI = confidence interval;
OR = odds ratio.

4. Discussion

Among the patients admitted to the ICU, those with hyperglycemia had a significantly higher
mortality rate than those patients with NDN, regardless of whether it was attributed to stress or DM.
Even after adjusting the differences in sex and age, comorbidities and injury severity among trauma
patients, the mortality rate was 3.88- and 1.83-fold higher in the patients with SIH and DH, respectively,
than that in patients with NDN. This result was not in accordance with that observed in hospitalized
trauma patients in a study by Kerby et al. [8] and our previous report [26], which demonstrated a
significantly higher adjusted mortality for the patients who had SIH, but not for those patients with
DH. For the patients with DH, the difference in the outcome of patients staying in the ICU and staying
in ward indicates that patients with DM who were critically ill had a worse outcome than those with
less severe injury. This study also confirmed the results of previous studies on the different effects of
hyperglycemia on patients with and without DM [26,30].

The difference in the observations may be attributed to the use of mortality as the primary
outcome. DM-specific microvascular disease leads to blindness, atherosclerosis, nerve damage and
renal failure, with an increased risk of myocardial infarction, stroke and limb amputation [31]. Many
studies have also revealed the detrimental effects of hyperglycemia on the immune function [32] and
infection [12,33]. However, the detrimental effect of hyperglycemia may not significantly affect the
prevalence rates of pneumonia and ARF, as well as result in a prolonged stay at the ICU, as shown in
this study. Second, the different observations may be due to the different etiologies between trauma
patients who need to or need not stay in the ICU. Moreover, hyperglycemia had a differential impact on
critically ill patients from different etiological groups [34] because a blood glucose level of >200 mg/dL
was associated with mortality in patients admitted to the ICU due to acute myocardial infarction, but
not in those with sepsis [34]. In the ICU, more patients were prone to severe traumatic brain injury, as
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well as chest and abdomen penetration injury. Moreover, these patients were more likely to experience
hypovolemic shock than those admitted in the ICU.

Hyperglycemia presents a more deleterious effect on critically ill participants without DM
than those with DM [35]. A question frequently asked is whether the preexisting DM may play
a protective role in critically ill patients [35]. Patients with DM may be tolerant to degrees of moderate
hyperglycemia and therefore may be able to adapt to a high-range fluctuations of glucose levels,
whereas patients without DM are less tolerant to even moderate hyperglycemia, thus sustaining an
impaired immune defense and perturbation of the microvascular environment, which may lead to
organ failure in some cases [5]. Moreover, patients with preexisting DM undergo cellular adaptation to
hyperglycemia owing to the reduction of produced reactive oxygen species [36], which is the main
molecular mechanism for glucose-mediated vascular damage [37]. In this study, although a higher
mortality rate was observed among the patients with SIH or DH than those with NDN who were
admitted to the ICU, patients with SIH still had 2.13-fold higher odds of adjusted mortality than those
patients with DH. This result suggests that the mechanisms behind the detrimental effects in these two
hyperglycemia states in critically ill trauma patients were different. Notably, this study revealed that
the mortality rate and LOS in the ICU among patients with DN did not significantly differ compared
to those with NDN. Therefore, we did not agree with the assumption regarding the protective role of
DM in critically ill patients. However, we prefer the concept that the adverse effect of hyperglycemia is
less pronounced in critically ill patients with DM than those without DM.

There were some limitations in this study. First, a retrospective design study may carry a selection
bias. Second, the patients declared to be dead at the scene of the accident or upon arrival at the
ED were not included in the Trauma Registry System, and this might have resulted in selection
bias on mortality outcome assessment. Third, stress might also induce hyperglycemia in patients
with DM [38]. Therefore, without the measurement of catecholamine or stress hormone level, the
estimation of the hazards ratio of mortality between the SIH and DH groups may be biased. Fourth,
the appropriate glucose targets and strategies for sugar control have been inconclusive and may
vary among different ICUs. Therefore, we could only assume that all patients had received uniform
management in the clinical setting. Finally, the HbA1c level may be not accurate in patients receiving
blood transfusions [39], and its value may vary by racial or ethnic group [40]. Thus, it may lead to bias.

5. Conclusions

This study revealed that significantly adverse outcomes in terms of mortality were observed
among trauma patients with SIH and DH who were admitted to the ICU after controlling for sex and
age, preexisting comorbidities and injury severity. In addition, the patients with SIH had significantly
higher adjusted odds for mortality than the patients with DH. Clinicians should be aware that patients
without DM who were admitted to the ICU are not the only ones who are most likely to have adverse
outcomes. In fact, those who were diagnosed with DM may have a significantly worse outcome.
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Abstract: The reverse shock index (rSI) multiplied by Glasgow Coma Scale (GCS) score (rSIG),
calculated by multiplying the GCS score with systolic blood pressure (SBP)/hear rate (HR),
was proposed to be a reliable triage tool for identifying risk of in-hospital mortality in trauma patients.
This study was designed to externally validate the accuracy of the rSIG in the prediction of mortality
in our cohort of trauma patients, in comparison with those that were predicted by the Revised
Trauma Score (RTS), shock index (SI), and Trauma and Injury Severity Score (TRISS). Adult trauma
patients aged ≥20 years who were admitted to the hospital from 1 January 2009 to 31 December 2017,
were included in this study. The rSIG, RTS, and SI were calculated according to the initial vital
signs and GCS scores of patients upon arrival at the emergency department (ED). The end-point of
primary outcome is in-hospital mortality. Discriminative power of each score to predict mortality
was measured using area under the curve (AUC) by plotting the receiver operating characteristic
(ROC) curve for 18,750 adult trauma patients, comprising 2438 patients with isolated head injury
(only head Abbreviated Injury Scale (AIS) ≥ 2) and 16,312 without head injury (head AIS ≤ 1).
The predictive accuracy of rSIG was significantly lower than that of RTS in all trauma patients
(AUC 0.83 vs. AUC 0.85, p = 0.02) and in patients with isolated head injury (AUC 0.82 vs. AUC 0.85,
p = 0.02). For patients without head injury, no difference was observed in the predictive accuracy
between rSIG and RTS (AUC 0.83 vs. AUC 0.83, p = 0.97). Based on the cutoff value of 14.0, the rSIG
can predict the probability of dying in trauma patients without head injury with a sensitivity of 61.5%
and specificity of 94.5%. The predictive accuracy of both rSIG and RTS is significantly poorer than
that of TRISS, in all trauma patients (AUC 0.93) or in patients with (AUC 0.89) and without head
injury (AUC 0.92). In addition, SI had the significantly worse predictive accuracy than all of the
other three models in all trauma patients (AUC 0.57), and the patients with (AUC 0.53) or without
(AUC 0.63) head injury. This study revealed that rSIG had a significantly higher predictive accuracy
of mortality than SI in all of the studied population but a lower predictive accuracy of mortality than
RTS in all adult trauma patients and in adult patients with isolated head injury. In addition, in the
adult patients without head injury, rSIG had a similar performance as RTS to the predictive risk of
mortality of the patients.
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1. Background

Identifying patients highly at risk of mortality is very important in managing the trauma patients.
Among the many different prediction models for mortality outcomes of the trauma patients,
the Trauma and Injury Severity Score (TRISS) remains the most commonly used algorithm [1,2].
The TRISS calculator determines the probability of survival from age, Injury Severity Score (ISS,
an anatomical variable), Revised Trauma Score (RTS, a physiological variable), and the use of different
coefficients for blunt and penetrating injuries. The Abbreviated Injury Scale (AIS) was used to grade
the injury severity to an anatomical location on a six-point ordinal scale, ranging from minor (1 point),
moderate (2 points), serious (3 points), severe (4 points), critical (5 points), to unsurvivable (6 points) [3],
whereas the ISS is commonly used to grade the injury severity of trauma patients by the summation
of squares of AIS score in the three most severe injuries of six predefined body regions [4]. The RTS
is a weighted summation of coded variable values of the patient’s initial Glasgow Coma Scale (GCS)
score and two vital signs [5], which include systolic blood pressure (SBP) and respiratory rate (RR) [5].
Although TRISS can predict the mortality outcome with high accuracy [6], TRISS can be only calculated
using the information from all injured organs, which is not available on admission and is subjected to
be changed after the admission; thus, its use in the prehospital stage or at the emergency department
(ED) is limited [7].

The shock index (SI), a ratio of HR and SBP, had been developed to identify trauma patients in a
hypovolemic shock [8]. A value of 0.7 represents normal SI, whereas SI of >1 is highly indicative of
hemodynamic instability and mortality upon arrival at the ED [9,10]. An SI of ≥1 generally indicates
an uncompensated shock state of the patient and resuscitation may be necessary [11,12]. An SI of
≥1 is also associated with higher mortality rate [13]. Therefore, we developed the reverse shock
index (rSI), a ratio of SBP and HR, to indicate the hemodynamic condition of trauma patients [14–17].
The patient is in a potential shock when his (or her) SBP is decreased and lower than the HR (i.e., rSI
of <1). This concept of rSI is intuitive utilizing two vital signs (SBP and HR) without any additional
calculation and it can be used quickly in a prehospital scenario or a crowded ED [14–17]. We found
that rSI of <1 was associated with poor outcome in the trauma patients and is helpful to identify the
patients with a high risk to mortality, even when there is no notable hypotension [14–17].

In addition to hemorrhagic shock [18,19], traumatic brain injury [20,21] is another leading cause of
mortality in trauma patients. The GCS score [22] is used to assess the level of consciousness at almost
every ED worldwide and has been shown to be strongly associated with the probability of mortality in
patients with traumatic brain injury [23,24]. Recently, a retrospective study from multicenters using
registered data of 168,517 patients from the Japan Trauma Data Bank proposed that a new score,
the rSI multiplied by GCS score (rSIG, i.e., rSIG = SBP/HR × GCS score), can be used to identify
those trauma patients with a high risk for mortality and requirement of a blood transfusion within
24 h [25]. Therefore, we aimed to externally validate the accuracy of the rSIG in predicting the mortality
outcomes in our cohort of trauma patients. Considering that rSIG uses physiological variables (SBP,
HR, GCS) of trauma patients to predict mortality risk, SI, the ratio of two physiological variables
(HR/SPB), RTS, the weighted sum of coded variable values of different physiological variables (GCS,
SBP, and RR), and TRISS, the most commonly used prediction algorithm, would be used to compare
the prediction outcome in this study.
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2. Methods

2.1. Ethics Statement

Before reviewing the medical charts and the registered data in the Trauma Registry System of
the hospital, this project had been approved (reference number: 201800875B0) by the institutional
review board (IRB) of the Kaohsiung Chang Gung Memorial Hospital, the main referral level I trauma
center in southern Taiwan [26,27]. Because of its character of a retrospective study design, the need for
informed consent was waived off according to the regulation by IRB.

2.2. Study Population

This study included all adult patients aged ≥20 years who sustained a traumatic injury and
were admitted in the hospital from 1 January 2009 to 31 December 2017. After excluding those who
had burn injury (n = 726) and incomplete registered data (n = 47), 18,750 adult trauma patients were
enrolled in the study and classified into two exclusive groups: patients with isolated head injury,
presenting only head AIS of ≥2 (n = 2438), and those without head injury, with head AIS of ≤1
(n = 16,312). The selection of patients with head AIS ≥ 2 is based on the fact that head injury with
head AIS = 1 are not fatal, and the mortality of patients with head AIS = 2, 3, 4, and 5 were 0.1%,
1.9%, 2.9%, and 31.1%, respectively [28]. The patients with multiple trauma in any other region of
the body were excluded from the study; thus, the included patients were defined as having isolated
head injury. The retrieved patient information included age; sex; SBP, HR, and GCS upon arrival at
ED (if the patients were transferred after intubation or under sedation, prehospital GCS recorded by
emergency medical service or the transferred hospital would be used); AIS over each body region; ISS;
RTS; TRISS [29]; and, mortality in the hospital. The SI, rSI, and rSIG were calculated as the ratio of HR
to SBP (SI = HR/SBP), ratio of SBP to HR (rSI = SBP/HR), and the score of rSI × GCS, respectively.

2.3. Statistical Analysis

Statistical analysis was performed using a SPSS software (version 22.0, IBM Corp.,
Armonk, NY, USA). In-hospital mortality of patients was the primary outcome of the study. We had
used the Levene’s test to estimate the homogeneity of variance of continuous variables first.
Then one-way analysis of variance with Games–Howell post-hoc test was used to evaluate the
differences of continuous variables among patient groups. Mann-Whitney U-tests were used to
analyze non-normally distributed data, which are presented as median with interquartile range (IQR,
Q1–Q3). The values of continuous variables were expressed as mean ± standard deviation. The odds
ratios (ORs) with 95% confidence intervals (CIs) of the categorical variables of gender and AIS were
presented. By plotting specific receiver operating characteristic (ROC) curves, the SI, rSIG, RTS,
and TRISS were evaluated to determine the best cutoff point that could predict the risk of mortality
among these trauma patients. The accuracy of parameter in predicting the mortality outcomes was
defined as an area under the curve (AUC) and was calculated based on the maximal Youden index
(sensitivity + specificity − 1), to reflect the maximal correct classification accuracy. A nonparametric
approach was performed to compare the accuracy of AUC ROC curves [30] using the roc & roc.test
function in the pROC package in R3.3.3 (R Foundation for Statistical Computing, Vienna, Austria).
Statistical significance was indicated when the p-value is <0.05.

3. Results

3.1. Patient Characteristics with All Types Trauma

Among the 18,750 patients who sustained with all types trauma, 18,248 survived and 502 died
(Table 1). The patients who died were significantly older than those who survived and presented
a significantly higher ISS, lower GCS, higher HR and RR, higher SI but lower rSI, and lower rSIG
(median (Q1–Q3), 8.76 (5.56, 18.20) vs. 25.38 (19.22, 31.23); p < 0.001), RTS (5.03 (4.09, 6.90) vs. 7.84
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(7.84, 7.84); p < 0.001), and TRISS (0.68 (0.45, 0.89) vs. 0.97 (0.94, 0.99); p < 0.001). Notably, the difference
in SBP was not significant between the patients who died and those who survived. When compared
with the surviving group, patients who died were significantly predominantly men. Regarding the
AIS, patients who died had a significant higher score of AIS distribution in all body regions than those
who survived.

Table 1. Characteristic variables of patients with all types of trauma.

Variables
Total Survival p-Value

(n = 18,750) No (n = 502) Yes (n = 18,248)

Age (years) 55 (38, 69) 65 (48, 77) 54 (37, 68) <0.001
ISS 9 (4, 11) 25 (16, 29) 9 (4, 10) <0.001

GCS 15 (15, 15) 6 (3, 14) 15 (15, 15) <0.001
SBP (mmHg) 147 (127, 170) 153 (121, 184) 147 (127, 169) 0.122

HR (times/min) 85 (74, 97) 94 (77, 114) 84 (74, 96) <0.001
RR (times/min) 18 (18, 20) 19 (18, 20) 18 (18, 20) <0.001

SI 0.57 (0.47, 0.69) 0.62 (0.48, 0.84) 0.57 (0.47, 0.69) <0.001
rSI 1.75 (1.44, 2.11) 1.60 (1.19, 2.10) 1.75 (1.45, 2.11) <0.001

rSIG 25.46 (20.57,
30.98)

9.39 (5.25,
19.79)

25.64 (20.85,
31.09) <0.001

RTS 7.84 (7.84, 7.84) 5.97 (4.09, 7.44) 7.84 (7.84, 7.84) <0.001
TRISS 0.98 (0.97, 0.99) 0.70 (0.37, 0.92) 0.98 (0.97, 0.99) <0.001

Sex, n (%)
Female 8150 (43.5%) 203 (35.3%) 7975 (43.7%)

<0.001Male 10,600 (56.5%) 325 (64.7%) 10,275 (56.3%)

AIS (Head), n (%)

0 13,407 (71.5%) 87 (17.3%) 13,320 (73.0%)

<0.001

1 1006 (5.4%) 12 (2.4%) 994 (5.5%)
2 388 (2.1%) 6 (1.2%) 382 (2.1%)
3 1280 (6.8%) 27 (5.4%) 1253 (6.9%)
4 2129 (11.4%) 122 (24.3%) 2007 (11.0%)
5 525 (2.8%) 235 (46.8%) 290 (1.6%)
6 15 (0.1%) 13 (2.6%) 2 (0.01%)

AIS (Face), n (%)

0 16,003 (85.4%) 438 (87.3%) 15,565 (85.3%)

0.002
1 873 (4.7%) 10 (2.0%) 863 (4.7%)
2 1829 (9.8%) 50 (10.0%) 1779 (9.8%)
3 45 (0.2%) 4 (0.8%) 41 (0.2%)

AIS (Thorax), n (%)

0 16,376 (87.3%) 375 (74.7%) 16,001 (87.7%)

<0.001

1 389 (2.1%) 11 (2.2%) 378 (2.1%)
2 592 (3.2%) 14 (2.89%) 578 (3.2%)
3 948 (5.1%) 51 (10.2%) 897 (4.9%)
4 419 (2.2%) 43 (8.6%) 376 (2.1%)
5 25 (0.1%) 7 (1.4%) 18 (0.1%)
6 1 (0.01%) 1 (0.2%) 0 (0.0%)

AIS (Abdomen), n (%)

0 17,483 (93.2%) 436 (86.9%) 17,047 (93.4%)

<0.001

1 86 (0.5%) 2 (0.4%) 84 (0.5%)
2 651 (3.5%) 27 (5.4%) 624 (3.4%)
3 366 (2.0%) 14 (2.8%) 352 (1.9%)
4 129 (0.7%) 19 (3.8%) 110 (0.6%)
5 35 (0.2%) 4 (0.8%) 31 (0.2%)

AIS (Extremity), n (%)

0 5040 (26.9%) 316 (63.0%) 4724 (25.9%)

<0.001

1 1163 (6.2%) 9 (1.8%) 1154 (6.3%)
2 7139 (38.1%) 89 (17.7%) 7050 (38.6%)
3 5358 (28.6%) 73 (14.5%) 5285 (29.0%)
4 43 (0.2%) 12 (2.4%) 31 (0.2%)
5 7 (0.04%) 3 (0.6%) 4 (0.02%)

AIS (External), n (%)

0 17,027 (90.8%) 465 (92.6%) 16,562 (90.8%)

<0.001

1 1613 (8.6%) 27 (5.4%) 1586 (8.7%)
2 85 (0.5%) 2 (0.4%) 83 (0.5%)
3 12 (0.06%) 0 (0.0%) 12 (0.1%)
4 3 (0.02%) 0 (0.0%) 3 (0.02%)
5 5 (0.03%) 4 (0.8%) 1 (0.01%)
6 5 (0.03%) 4 (0.8%) 1 (0.01%)

AIS = abbreviated injury scale; GCS = Glasgow coma scale; ISS = injury severity score; rSI = reverse shock index;
rSIG = rSI multiplied by GCS score; RTS = revised trauma score; SBP = systolic blood pressure; SI = shock index;
TRISS = the trauma and injury severity score.
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3.2. Characteristics of Patients with Head Injury

Among the 2438 patients with head injury, 2209 survived and 229 died (Table 2). The patients
who died were significantly older than those who survived and presented a significantly higher
ISS, HR and SBP but lower GCS. No significant difference in SI and rSI was found between these
two groups (both p = 0.111). The rSIG (10.69 (5.07, 20.43) vs. 25.67 (21.00, 31.09); p < 0.001),
RTS (5.97 (4.09, 7.84) vs. 7.84 (7.84, 7.84); p < 0.001), and TRISS (0.72 (0.36, 0.93) vs. 0.98 (0.97, 1.00);
p < 0.001) were significantly lower in patients who died than those who survived. Between the patients
who survived and died, the difference in sex was not significant, and both of the variables were
significantly different between the patients who survived and those who with all types of trauma.
In terms of AIS, the patients who died had a significant higher score of AIS distribution in the head
region than those who survived.

Table 2. Characteristics variables of patients with head injury.

Variables
Total Survival p-Value

(n = 2438) No (n = 229) Yes (n = 2209)

Age (years) 61 (45, 74) 68 (54, 78) 60 (44, 74) <0.001
ISS 16 (9, 16) 25 (16, 25) 16 (9, 16) <0.001

GCS 15 (11, 15) 4 (3, 9) 15 (13, 15) <0.001
SBP (mmHg) 154 (134, 180) 158 (133, 197) 154 (135, 178) 0.01

HR (times/min) 84 (74, 97) 92 (75, 109) 84 (74, 96) <0.001
RR (times/min) 18 (18, 20) 19 (17, 20) 18 (18, 20) 0.993

SI 0.55 (0.45, 0.66) 0.56 (0.45, 0.73) 0.55 (0.45, 0.66) 0.111
rSI 1.83 (1.51, 2.24) 1.77 (1.37, 2.23) 1.83 (1.52, 2.24) 0.111

rSIG 24.62 (17.75,
30.79)

8.76 (5.56,
18.20)

25.38 (19.22,
31.23) <0.001

RTS 7.84 (6.90, 7.84) 5.03 (4.09, 6.90) 7.84 (7.84, 7.84) <0.001
TRISS 0.97 (0.94, 0.99) 0.68 (0.45, 0.89) 0.97 (0.94, 0.99) <0.001

Sex, n (%)
Female 906 (37.2%) 380 (35.4%) 16,866 (37.4%)

0.605Male 1532 (62.8%) 148 (64.6%) 1384 (62.7%)

AIS (Head), n (%)

2 170 (7.0%) 2 (0.9%) 168 (7.6%)

<0.001
3 693 (28.4%) 15 (6.6%) 678 (30.7%)
4 1253 (51.4%) 68 (29.7%) 1185 (53.6%)
5 310 (12.7%) 134 (58.5%) 176 (8.0%)
6 12 (0.5%) 10 (4.4%) 2 (0.1%)

AIS = abbreviated injury scale; GCS = Glasgow coma scale; ISS = injury severity score; rSI = reverse shock index;
rSIG = rSI multiplied by GCS score; RTS = revised trauma score; SBP = systolic blood pressure; SI = shock index;
TRISS = the trauma and injury severity score.

3.3. Characteristics of Patients without Head Injury

As shown in Table 3, the patients who died were significantly older than those who survived
and they presented a significantly higher ISS, lower GCS and SBP, higher HR and RR, higher
SI, but lower rSI, and lower rSIG (10.69 (5.07, 20.43) vs. 25.67 (21.00, 31.09); p < 0.001),
RTS (5.97 (4.09, 7.84) vs. 7.84 (7.84, 7.84); p < 0.001), and TRISS (0.72 (0.36, 0.93) vs. 0.98 (0.97, 1.00);
p < 0.001). The patients who died were significantly predominantly men in comparison with the
surviving group. In terms of AIS, the patients who died had a significant higher score of AIS
distribution in all body regions than those who survived.
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Table 3. Characteristics variables of patients without head injury.

Variables
Total Survival p-Value

(n = 16,312) No (n = 273) Yes (n = 16,039)

Age (years) 54 (37, 68) 61 (42, 77) 54 (37, 67( <0.001
ISS 9 (4, 9) 29 (18, 34) 8 (4, 9) <0.001

GCS 15 (15, 15) 7 (3, 15) 15 (15, 15) <0.001
SBP (mmHg) 146 (126, 168) 146 (107, 176) 146 (126, 168) 0.023

HR (times/min) 85 (75, 97) 96 (78, 117) 85 (75, 96) <0.001
RR (times/min) 18 (18, 20) 20 (18, 20) 18 (18, 20) <0.001

SI 0.58 (0.48, 0.70) 0.67 (0.51, 0.93) 0.58 (0.48, 0.69) <0.001
rSI 1.73 (1.43, 2.09) 1.50 (1.07, 1.98) 1.73 (1.44, 2.09) <0.001

rSIG 25.56 (20.83,
31.00)

10.69 (5.07,
20.43)

25.67 (21.00,
31.09) <0.001

RTS 7.84 (7.84, 7.84) 5.97 (4.09, 7.84) 7.84 (7.84, 7.84) <0.001
TRISS 0.98 (0.97, 1.00) 0.72 (0.36, 0.93) 0.98 (0.97, 1.00) <0.001

Sex, n (%)
Female 7244 (44.4%) 351 (35.2%) 9359 (44.6%)

0.002Male 9068 (55.6%) 177 (64.8%) 8891 (55.4%)

AIS (Head), n (%)
0 13,407 (82.2%) 87 (31.97%) 13,320 (83.1%)

<0.0011 1006 (6.2%) 12 (4.4%) 994 (6.2%)

AIS (Face), n (%)

0 13,721 (84.1%) 214 (78.4%) 13,507 (84.2%)

<0.001
1 717 (4.4%) 5 (1.8%) 712 (4.4%)
2 1829 (11.2%) 50 (18.3%) 1779 (11.1%)
3 45 (0.3%) 4 (1.5%) 41 (0.3%)

AIS (Thorax), n (%)

0 13,992 (85.8%) 152 (55.7%) 13,840 (86.3%)

<0.001

1 335 (2.1%) 5 (1.8%) 330 (2.1%)
2 592 (3.6%) 14 (5.1%) 578 (3.6%)
3 948 (5.8%) 51 (18.7%) 897 (5.6%)
4 419 (2.6%) 43 (15.8%) 376 (2.3%)
5 25 (0.2%) 7 (2.6%) 18 (0.1%)
6 1 (0.01%) 1 (0.4%) 0 (0.0%)

AIS (Abdomen), n (%)

0 15,055 (92.3%) 208 (76.2%) 14,847 (92.6%)

<0.001

1 76 (0.5%) 1 (0.4%) 75 (0.5%)
2 651 (4.0%) 27 (9.9%) 624 (3.9%)
3 366 (2.2%) 14 (5.1%) 352 (2.2%)
4 129 (0.8%) 19 (7.0%) 110 (0.7%)
5 35 (0.2%) 4 (1.5%) 31 (0.2%)

AIS (Extremity), n (%)

0 2743 (16.8%) 94 (34.4%) 2649 (16.5%)

<0.001

1 1022 (6.3%) 2 (0.7%) 1020 (6.4%)
2 7139 (43.8%) 89 (32.6%) 7050 (44.0%)
3 5358 (32.9%) 73 (26.7%) 5285 (33.0%)
4 43 (0.3%) 12 (4.4%) 31 (0.2%)
5 7 (0.04%) 3 (1.1%) 4 (0.02%)

AIS (External), n (%)

0 14,818 (90.8%) 246 (90.1%) 14,572 (90.95%)

<0.001

1 1384 (8.5%) 17 (6.2%) 1367 (8.5%)
2 85 (0.5%) 2 (0.7%) 83 (0.5%)
3 12 (0.1%) 0 (0.0%) 12 (0.1%)
4 3 (0.02%) 0 (0.0%) 3 (0.02%)
5 5 (0.03%) 4 (1.5%) 1 (0.01%)
6 5 (0.03%) 4 (1.5%) 1 (0.01%)

AIS = abbreviated injury scale; GCS = Glasgow coma scale; ISS = injury severity score; rSI = reverse shock index;
rSIG = rSI multiplied by GCS score; RTS = revised trauma score; SBP = systolic blood pressure; SI = shock index;
TRISS = the trauma and injury severity score.

3.4. Predictive Accuracy for Mortality

Using the cutoff value of 14.8, the rSIG can estimate the probability of dying of all trauma patients
with a sensitivity of 65.9% and specificity of 92.9% (Table 4). As shown in Figure 1, the predictive
accuracy of SI (AUC 0.57) was the worst and significantly lower than all the other three predictive
models. The predictive accuracy of rSIG (AUC 0.83) was significantly lower than that predicted by
RTS (AUC 0.85, p = 0.02) and TRISS (AUC 0.93, p < 0.001). In addition, the predictive power of RTS
was significantly lower than that of TRISS (p < 0.01).
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In patients with head injury (Figure 2), the predictive accuracy of rSIG (AUC 0.82) was significantly
lower than that predicted by RTS (AUC 0.85, p = 0.02) and TRISS (AUC 0.89, p < 0.001), and the
predictive power of RTS was also significantly lower than that of TRISS (p < 0.01). Using the cutoff
value of 14.8, the rSIG can estimate the probability of dying of trauma patients with head injury with a
sensitivity of 70.7% and specificity of 86.8%. The predictive accuracy of SI (AUC 0.53) was significantly
lower than all of the other three predictive models.

In patients without head injury (Figure 3), no difference in the predictive accuracy was observed
between rSIG (AUC 0.83) and RTS (AUC 0.83, p = 0.97). Based on the cutoff value of 14.0, the rSIG can
estimate the probability of dying of trauma patients without head injury with a sensitivity of 61.5%
and specificity of 94.5%. Both rSIG and RTS had a predictive accuracy that was significantly lower than
that of TRISS (AUC 0.92, both p < 0.001). The predictive accuracy of SI (AUC 0.63) was significantly
lower than all other three predictive models.

We further explored the performance of these predictive models if they were applied on those
patients with (Supplemental Table S1) or without (Supplemental Table S2) traumatic brain injury,
which was defined as only head AIS ≥ 3 and found the results were similar to above presentation.
In patients with isolated traumatic brain injury (Supplemental Figure S1), the predictive accuracy of
rSIG (AUC 0.82) was significantly lower than that predicted by RTS (AUC 0.84, p = 0.02). In patients
without traumatic brain injury (Supplemental Figure S2), no difference in the predictive accuracy was
observed between rSIG (AUC 0.83) and RTS (AUC 0.82, p = 0.91). TRISS had the best and SI the worst
predictive performance regardless in the patients with or without traumatic brain injury.

Table 4. The best cutoff point with its sensitivity and specificity that could predict the risk of mortality
among the trauma patients.

Variables Best Cutoff Point Sensitivity (%) Specificity (%) AUC

TRISS
All patients 1 88.4 83.3 0.93
Head injury 0.9 84.2 81.7 0.89

No head
injury 0.9 93.1 75.8 0.92

rSIG
All patients 14.8 92.9 65.9 0.83
Head injury 14.8 86.8 70.7 0.82

No head
injury 14 94.5 61.5 0.83

RTS
All patients 7.7 90.7 75.1 0.85

Head 6.5 88.5 71.6 0.85
No Head 7.7 92.7 69.6 0.83

SI
All patients 0.8 88.3 28.5 0.57
Head injury 0.7 75.4 36.2 0.53

No head
injury 0.8 86.9 38.1 0.63

rSIG = rSI multiplied by GCS score; RTS = revised trauma score; SI = shock index; TRISS = the trauma and injury
severity score.
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Figure 1. Area under the curve (AUC) of TRISS, rSIG, RTS, and SI in predicting the mortality of patients
with all types of trauma.

Figure 2. Area under the curve (AUC) of TRISS, rSIG, RTS, and SI in predicting the mortality of patients
with isolated head injury.
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Figure 3. Area under the curve (AUC) of TRISS, rSIG, RTS, and SI in predicting the mortality of patients
without head injury.

4. Discussion

In this study, we demonstrated that the predictive accuracy of rSIG was significantly lower than
that by RTS in all trauma patients (AUC 0.83 vs. AUC 0.85, p = 0.02) and in patients with isolated head
injury (AUC 0.82 vs. AUC 0.85, p = 0.02). However, in patients without head injury, no difference was
found in the predictive accuracy between rSIG and RTS (AUC 0.83 vs. AUC 0.83, p = 0.97).

Among these four models, TRISS is the best but SI is the worst model to predict the mortality of
the trauma patients. Aside from the physiological variables (RTS), TRISS use additional information
such as age, anatomical variable (ISS), and mechanism (blunt or penetrating) to predict the
mortality outcome. Therefore, it is not surprising that TRISS had a better predictive accuracy than
rSIG and RTS, which both only rely on the physiological changes in trauma patients. ISS and injury
mechanism were strongly associated with the mortality outcome [6]. Age did matter in the prediction
of mortality, when considering that older persons tend to have less sympathetic-responsive HR and
higher SBP [31], which may lead to an increase in the false-negative values of SBP (even for SI or rSI) as
age increases [32]. Old age had been reported to weaken the association of an SI of ≥1 and the 30-day
mortality risk in all ED patients [33]. The predictive accuracy has also been reported to be highest
for rSIG in predicting the survival in younger patients aged <55 years [25]. Among the patients aged
≥55 years, the value of rSIG divided by age (i.e., the indicator of rSIG/A) may indicate an in-hospital
mortality better than that of rSIG [25].

The ISS value used to calculate TRISS cannot be obtained upon arrival at the ED or on admission;
therefore, the use of rSIG or RTS is not intended to substitute TRISS in the prediction of mortality
in trauma patients but rather to be used as a screening tool for high-risk patients at the ED. We had
demonstrated that SI had a significantly worst predictive accuracy than all the other three models in
this study. Unsurprisingly, the addition of more physiological variables in rSIG or RTS improve their
predictive accuracy than SI. In this study, the predictive accuracy of rSIG was significantly lower than
that by RTS in all trauma patients and in the patients with isolated head injury. Although both rSIG
and RTS use GCS as a variable in predicting the mortality outcome, rSIG is calculated by multiplying
the GCS score with SPB/HR, and RTS measures the sum of the coded values of GCS, SBP, and RR
using the following formula: RTS = 0.9368 GCS + 0.7326 SBP + 0.2908 RR [5]. The RTS is heavily
weighted toward the GCS to compensate major head injuries without multisystem injury or major
physiological changes [5], which explain its higher predictive accuracy of mortality than rSIG in
patients with isolated head injury. In contrast, in patients without head injury, the weight of GCS
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would be less important in predicting the mortality outcome, albeit the deterioration of consciousness
may be found in some patients with profound shock [34]. However, the calculation of RTS is too
complicated, preventing its easy use by the paramedics or at the ED. Moreover, RR, a component of
RTS, is less reliable than other factors because it is heavily influenced by patient age, mechanism of
injury, and the ventilation assistance or use of mechanical ventilation [35]. Notably, some patients
in a shock status may have a disturbed consciousness, even if there was no associated head injury.
Therefore, when considering that no difference was found in the predictive accuracy between rSIG
and RTS in patients without head injury in this study, rSIG had similar performance in predicting
mortality as RTS did in screening patients without head injury to identify subjects who are highly at
risk of mortality at the ED. It is estimated that based on the cutoff value of 14.0 in this study, the rSIG
can predict the probability of dying in trauma patients without head injury with a sensitivity of 61.5%
and specificity of 94.5%.

This study had some limitations. First, because the study was a retrospective design study,
some selection bias may be encountered. Second, the patients who were declared to be dead at
the accident scene or upon arrival at the ED were not included in the registered database, and this
might have resulted in selection bias in calculating the mortality rate. Third, the vital signs and
GCS scores that were used in this study were those recorded upon patient’s arrival at the ED;
however, such measurement is dynamic and it may be interfered by the resuscitation performed
at prehospital scenario; thus, some bias in the calculation may happen. Fourth, the results of this
study of rSIG in the patients with isolated head injury would not be generalized to all the patients
with a head injury, while considering that some patients may have additional lethal injury into the
other body region. Further, the study was limited to one trauma center, and the information obtained
may limit its generalizability, and the cutoff values may also differ among countries or various
trauma systems.

5. Conclusions

This study revealed that rSIG had a significantly higher predictive accuracy of mortality than SI
in all studied population, but a lower predictive accuracy of mortality than RTS in all adult trauma
patients and in adult patients with isolated head injury. In addition, in the adult patients without head
injury, rSIG had similar performance as RTS to predictive the risk of mortality of the patients.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/15/11/2346/
s1, Figure S1: Area under the curve (AUC) of TRISS, rSIG, RTS, and SI in predicting the mortality of patients
with isolated traumatic brain injury. Figure S2: Area under the curve (AUC) of TRISS, rSIG, RTS, and SI in
predicting the mortality of patients without traumatic brain injury. Table S1: Characteristics variables of patients
with isolated traumatic brain injury (only head AIS ≥ 3). Table S2: Characteristics variables of patients without
traumatic brain injury.
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Abstract: This study aimed to assess whether hypothermia is an independent predictor of mortality
in trauma patients in the condition of defining hypothermia as body temperatures of <36 ◦C. Data of
all hospitalized adult trauma patients recorded in the Trauma Registry System at a level I trauma
center between 1 January 2009 and 12 December 2015 were retrospectively reviewed. A multivariate
logistic regression analysis was performed in order to identify factors related to mortality. In addition,
hypothermia and normothermia were defined as temperatures <36 ◦C and from 36 ◦C to 38 ◦C,
respectively. Propensity score-matched study groups of hypothermia and normothermia patients
in a 1:1 ratio were grouped for mortality assessment after adjusting for potential confounders such
as age, sex, preexisting comorbidities, and injury severity score (ISS). Of 23,705 enrolled patients,
a total of 401 hypothermic patients and 13,368 normothermic patients were included in this study.
Only 3.0% of patients had hypothermia upon arrival at the emergency department (ED). Compared
to normothermic patients, hypothermic patients had a significantly higher rate of abbreviated injury
scale (AIS) scores of ≥3 in the head/neck, thorax, and abdomen and higher ISS. The mortality rate in
hypothermic patients was significantly higher than that in normothermic patients (13.5% vs. 2.3%,
odds ratio (OR): 6.6, 95% confidence interval (CI): 4.86–9.01, p < 0.001). Of the 399 well-balanced
propensity score-matched pairs, there was no significant difference in mortality (13.0% vs. 9.3%,
OR: 1.5, 95% CI: 0.94–2.29, p = 0.115). However, multivariate logistic regression analysis revealed
that patients with low body temperature were significantly associated with the mortality outcome.
This study revealed that low body temperature is associated with the mortality outcome in the
multivariate logistic regression analysis but not in the propensity score matching (PSM) model
that compared patients with hypothermia defined as body temperatures of <36 ◦C to those who
had normothermia. These contradicting observations indicated the limitation of the traditional
definition of body temperature for the diagnosis of hypothermia. Prospective randomized control
trials are needed to determine the relationship between hypothermia following trauma and the
clinical outcome.

Keywords: hypothermia; emergency department (ED); mortality; coagulopathy

Int. J. Environ. Res. Public Health 2018, 15, 1769; doi:10.3390/ijerph15081769 www.mdpi.com/journal/ijerph

http://www.mdpi.com/journal/ijerph
http://www.mdpi.com
https://orcid.org/0000-0002-0945-2746
http://www.mdpi.com/1660-4601/15/8/1769?type=check_update&version=1
http://dx.doi.org/10.3390/ijerph15081769
http://www.mdpi.com/journal/ijerph


Int. J. Environ. Res. Public Health 2018, 15, 1769 2 of 11

1. Introduction

According to the guideline for trauma patients from Advanced Trauma Life Support (ATLS),
hypothermia, normothermia, and hyperthermia were defined as body temperatures of <36 ◦C, between
36 ◦C and 38 ◦C, and >38.1 ◦C, respectively, upon arrival to the emergency department (ED). In trauma
patients, hypothermia, acidosis, and coagulopathy have been referred to as the lethal triad [1] that
leads to a worse patient outcome. Increased mortality rates varying from 5.5% to 53.9% and even up
to 100% have been reported in trauma patients with sustained hypothermia [2–15]. The etiology of
hypothermia in trauma patients, including sedation, alcohol intoxication, fluid resuscitation, blood
transfusion, and shock, seems to be multifactorial and interdependent [16]. Recent studies reported
hypothermia to be associated with an increased injury severity [17] and a predictor of mortality in
trauma patients [2–11]. However, there is controversy regarding the relationship between hypothermia
and mortality outcomes, with potential confounders such as age, sex, preexisting comorbidities, shock,
and injury severity. The definition of hypothermia may, however, significantly affect the observed
clinical outcomes. To solve these limitations, a well-designed randomized controlled trial is needed,
although it is difficult to perform in trauma patients. As an alternative, propensity score matching
(PSM) is a methodology used to control for sample selection bias and to simulate the randomization
process. This study aimed to assess whether hypothermia is an independent predictor of mortality in
trauma patients in the condition of defining hypothermia as body temperatures of <36 ◦C. To achieve
this study goal, the present study used a PSM model to determine the effect of hypothermia defined
by ATLS on in-hospital mortality of trauma patients, and to estimate the effect of body temperature on
in-hospital mortality by using multivariate logistic regression.

2. Methods

2.1. Study Design, Definitions, and Patient Selection

After receiving approval from the institutional review board of the Chang Gung Memorial
Hospital (number 201700012B0), a retrospective review of the Trauma Registry System at a level I
trauma center of the Kaohsiung Chang Gung Memorial Hospital [18,19] was performed to identify all
adult trauma patients admitted via the ED from 1 January 2009 to 12 December 2015. The inclusion
criteria consisted of patients aged at least 20 years and hospitalized for all trauma causes. The exclusion
criteria included patients with missing information, such as vital signs or Glasgow Coma Scale (GCS)
score; those who were dead on arrival; those who died in the ED; or those who were discharged from
the ED. Patients with hyperthermia were not included. Based on their temperature upon arrival to the
ED, the study population was finally divided to those displaying hypothermia (body temperatures of
<36 ◦C) and those with normothermia (body temperatures between 36 ◦C and 38 ◦C) groups.

2.2. Clinical Parameters and Outcome Evaluation

Data retrieved from the two study groups included gender; sex; comorbidities; mechanisms
of injury; vital signs and GCS on ED; laboratory data in the ED, which included the blood alcohol
concentration (BAC), hemoglobin (Hb), hematocrit (Hct), prothrombin time (PT), and activated partial
thromboplastin time (aPTT); abbreviated injury scale (AIS) score, injury severity score (ISS), hospital
length of stay (LOS); rate of ICU admission; and in-hospital mortality. The primary outcome was
in-hospital mortality.

2.3. Statistical Analysis

IBM SPSS Statistics for Windows, version 22.0 (IBM Corp., Armonk, NY, USA) was used to
perform all descriptive and comparative statistics. We first compared the unadjusted variables between
the hypothermia and normothermia groups. Demographic and clinical characteristics were analyzed
using chi-square tests for categorical variables presented as odds ratios (ORs) with 95% confidence
intervals (CIs) and analysis of variance tests for continuous variables. A multivariate logistic regression
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analysis was performed in order to identify factors related to mortality. Pearson correlation was
used to determine if correlations were present between the biochemistry of Hb, Hct, PT, and aPTT
levels and the body temperature of the trauma patients. To account for the nonrandom assignment
of patients between the two groups, PSM analysis was employed to reduce the potential selection
bias. The potential confounders adjusted in the PSM included age, sex, preexisting comorbidities,
and ISS. After 1:1 matching with propensity scores calculated with logistic regression analysis
with the aforementioned confounding factors, the patient outcomes were analyzed by conditional
Cox proportional hazard regression. For this study, p values of <0.05 were considered to indicate
statistical significance.

3. Results

3.1. Demographic Data and Clinical Characteristics of the Study Population

Of 23,705 enrolled patients, 401 hypothermic patients and 13,368 normothermic patients (Figure 1)
were included in the analysis after filtering. Only 3.0% of patients had hypothermia upon arrival
to the ED. As shown in Table 1, a significantly higher proportion of hypothermic patients were
male (64.8% vs. 55.8%; p < 0.001). There was no significant difference in age and comorbidities
between the hypothermia and normothermia groups, except that the incidence of hypertension was
significantly higher in the normothermic patients. Hypothermic patients presented with a significantly
higher incidence of alcohol intoxication, defined as a BAC of ≥50 mg/dL. Hypothermic patients also
presented with a significantly lower systolic blood pressure (SBP) and a higher incidence of low SBP,
defined either as SBP of ≤60 or 90 mmHg. There was no significant difference in heart or respiratory
rates between hypothermic patients and normothermic patients. Regarding trauma mechanisms, more
hypothermic patients were injured as the driver of a motor vehicle, the driver of a motorcycle, and as a
victim in a strike injury, but less were injured in a fall compared to normothermic patients. Compared
to normothermic patients, hypothermic patients had a significantly lower GCS score; higher rate of AIS
score of ≥3 in the head/neck, thorax, and abdomen; a lower rate of AIS score of ≥3 in the extremities;
and a higher ISS. The distribution of ISS according to the ISS stratification (<16, 16–24, and ≥25)
revealed that more hypothermic patients had an ISS of 16–24 and ≥25 and fewer had an ISS of <16
compared to normothermic patients. The mortality rate in hypothermic patients was significantly
higher than that in normothermic patients (13.5% vs. 2.3%, OR: 6.6, 95% CI: 4.86–9.01, p < 0.001).
Hospital LOS was also significantly longer for hypothermic patients than for normothermic patients
(12.4 days vs. 10.1 days, p = 0.001) and significantly more hypothermic patients were admitted to
the ICU than were normothermic patients (43.6% vs. 21.4%, OR: 2.8, 95% CI: 2.33–3.48, p < 0.001).
Regarding hematologic biochemistry parameters (Table 2), hypothermic patients had significantly
lower hemoglobin and hematocrit levels and impaired coagulation function, as indicated by PT and
aPTT, than normothermic patients (PT, 11.7 ± 4.7 vs. 10.9 ± 2.6; p < 0.001; aPTT, 29.6 ± 12.0 vs.
27.3 ± 4.4; p < 0.001). As shown in Table 3 and Figure 2, the Pearson correlation revealed that body
temperature was negatively correlated with PT (correlation coefficient = −0.035, p < 0.001) and aPTT
(correlation coefficient = −0.068, p < 0.001); however, these correlations were very weak. In addition,
no significant correlation of body temperature to the level of Hb and Hct was found.
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Figure 1. Flowchart of patient selection from the Trauma Registry System.

Table 1. Demographics and admission characteristics of the study groups.

Variables Hypothermia
n = 401

Normothermia
n = 13,368

Odds Ratio
(95% CI) p

Sex, n (%) <0.001
Male 260 (64.8) 7455 (55.8) 1.5 (1.19–1.80)

Female 141 (35.2) 5913 (44.2) 0.7 (0.56–0.84)
Age (years) 53.3 ±19.0 54.3 ±19.4 — 0.293

Comorbidity, n (%)
HTN 99 (24.7) 3972 (29.7) 0.8 (0.62–0.98) 0.030
DM 59 (14.7) 2119 (15.9) 0.9 (0.69–1.21) 0.579
CVA 13 (3.2) 589 (4.4) 0.7 (0.42–1.27) 0.270
CAD 16 (4.0) 554 (4.1) 1.0 (0.58–1.60) 0.901
CHF 5 (1.2) 125 (0.9) 1.3 (0.54–3.29) 0.594
ESRD 11 (2.7) 288 (2.2) 1.3 (0.70–2.36) 0.484

BAC ≥ 50 mg/dL, n (%) 60 (15.0) 871 (6.5) 2.5 (1.90–3.35) <0.001
Alcohol level (mg/dL) 213.0 ±90.4 187.1 ±73.3 — 0.010

SBP (mmHg) 137.8 ±46.0 151.4 ±34.2 — <0.001
SBP ≤ 60 mmHg, n (%) 18 (4.5) 45 (0.3) 13.9 (7.98–24.26) <0.001
SBP ≤ 90 mmHg, n (%) 46 (11.5) 307 (2.3) 5.5 (3.97–7.65) <0.001

HR (beats/min) 83.9 ±26.4 86.3 ±17.4 — 0.109
RR (times/min) 18.7 ±5.0 18.6 ±2.0 — 0.741

Mechanism, n (%)
Driver of MV 16 (4.0) 224 (1.7) 2.4 (1.45–4.09) 0.002

Passenger of MV 5 (1.2) 97 (0.7) 1.7 (0.70–4.27) 0.225
Driver of motorcycle 195 (48.6) 5380 (40.2) 1.4 (1.15–1.72) <0.001

Passenger of motorcycle 4 (1.0) 270 (2.0) 0.5 (0.18–1.32) 0.200
Bicyclist 18 (4.5) 506 (3.8) 1.2 (0.74–1.93) 0.506

Pedestrian 7 (1.7) 277 (2.1) 0.8 (0.39–1.79) 0.727
Fall 96 (23.9) 4611 (34.5) 0.6 (0.47–0.75) <0.001

Penetrating injury 11 (2.7) 563 (4.2) 0.6 (0.35–1.18) 0.163
Blunt injury 28 (7.0) 1168 (8.7) 0.8 (0.53–1.16) 0.242

Strike by/against 21 (5.2) 272 (2.0) 2.7 (1.69–4.20) <0.001
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Table 1. Cont.

Variables Hypothermia
n = 401

Normothermia
n = 13,368

Odds Ratio
(95% CI) p

GCS 12.2 ±4.5 14.2 ±2.3 — <0.001
≤8 89 (22.2) 688 (5.1) 5.3 (4.10–6.74) <0.001

9–12 29 (7.2) 551 (4.7) 1.8 (1.23–2.67) 0.003
≥13 283 (70.6) 12,129 (90.1) 0.2 (0.20–0.31) <0.001

AIS ≥ 3
Head/neck 154 (38.4) 2728 (20.4) 2.4 (1.98–2.99) <0.001

Face 1 (0.2) 33 (0.2) 1.0 (0.14–7.41) 1.000
Thorax 50 (12.5) 855 (6.4) 2.1 (1.54–2.83) <0.001

Abdomen 18 (4.5) 339 (2.5) 1.8 (1.11–2.93) 0.019
Extremity 105 (26.2) 4321 (32.3) 0.7 (0.59–0.93) 0.011

ISS (median, IQR) 10 (5–20) 9 (4–10) — <0.001
<16 236 (58.9) 10,929 (81.8) 0.3 (0.26–0.39) <0.001

16–24 86 (21.4) 1712 (12.8) 1.9 (1.46–2.37) <0.001
≥25 79 (19.7) 727 (5.4) 4.3 (3.30–5.52) <0.001

Mortality, n (%) 54 (13.5) 307 (2.3) 6.6 (4.86–9.01) <0.001
Hospital LOS (days) 12.4 ±12.9 10.1 ±10.8 — 0.001
ICU admission, n (%) 175 (43.6) 2858 (21.4) 2.8 (2.33–3.48) <0.001

Data are presented as means ± SD, median (IQR), or n (%). HTN, hypertension; DM, diabetic mellitus; CVA,
cerebral vascular accident; CAD, coronary artery disease; CHF, congestive heart failure; ESRD, end-stage renal
disease; BAC, blood alcohol concentration; SBP, systolic blood pressure; HR, heart rate; RR, respiratory rate; MV,
motor vehicle; GCS, Glasgow coma score; AIS, abbreviated injury scale; ISS, injury severity scale; LOS, length of
stay; ICU, intensive care unit.

Table 2. Comparison of biochemistry between study groups.

Variables Hypothermia
n = 401

Normothermia
n = 13,368

Odds Ratio
(95% CI) p

Hemoglobin (g/dL) 12.8 ±2.5 13.1 ±2.1 — 0.016
Hematocrit (%) 38.0 ±6.9 38.8 ±6.4 — 0.022

PT (seconds) 11.7 ±4.7 10.9 ±2.6 — <0.001
aPTT (seconds) 29.6 ±12.0 27.3 ±4.4 — <0.001

Data are presented as means ± SD. PT, prothrombin time; aPTT, activated partial thromboplastic time.

Table 3. Correlation of biochemistry to temperature in study population.

Variables Pearson Correlation p

Hemoglobin (g/dL) −0.011 0.067
Hematocrit (%) −0.016 0.067

PT (seconds) −0.035 <0.001
aPTT (seconds) −0.068 <0.001

PT, prothrombin time; aPTT, activated partial thromboplastic time.

3.2. Risk Factors Associated with Mortality

As shown in Table 4, in the comparison between fatal and survival patients, the fatal patients were
predominantly male, significantly older, and had higher rates of pre-existed CAD, CHF, and ESRD than
those of survival patients. In addition, the fatal patients presented a significantly lower temperature,
SBP, and HR, but higher ISS, than that of those survival patients. Multivariate logistic regression
analysis (Table 5) revealed that patients being male, with older age, pre-existed CHF and ESRD,
low body temperature, and with a higher injury severity were significantly associated with the
mortality outcome.
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Table 4. Comparison of variable between fatal and survival patient groups.

Variables Mortality n = 361 Survival n = 13,408 p

Gender, n (%) <0.001
Male 241 (66.8) 7474 (55.7)

Female 120 (33.2) 5934 (44.3)
Age (years) 60.4 ±19.7 54.1 ±19.3 <0.001

Co-morbidity, n (%)
HTN 118 (32.7) 3953 (29.5) 0.198
DM 61 (16.9) 2117 (15.8) 0.609
CVA 22 (6.1) 580 (4.3) 0.116
CAD 26 (7.2) 544 (4.1) 0.005
CHF 8 (2.2) 122 (0.9) 0.021
ESRD 22 (6.1) 277 (2.1) <0.001

Temperature (◦C) 36.0 ±2.8 36.5 ±0.6 0.002
SBP (mmHg) 144.6 ±57.0 151.2 ±33.8 0.029

HR (beats/min) 47.8 ±35.0 65.5 ±29.4 <0.001
RR (times/min) 18.5 ±6.0 18.6 ±1.9 0.661

ISS (median, IQR) 25 (17–30) 9 (4–10) <0.001

Data are presented as means ± SD, median (IQR), or n (%). HTN, hypertension; DM, diabetic mellitus; CVA,
cerebral vascular accident; CAD, coronary artery disease; CHF, congestive heart failure; ESRD, end-stage renal
disease; SBP, systolic blood pressure; HR, heart rate; RR, respiratory rate; ISS, injury severity scale.
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Table 5. Variables related to mortality of the patients in multivariate logistic regression.

Variables Odds Ratio (95% CI) p

Male 1.72 1.32–2.24 <0.001
Age 1.04 1.03–1.04 <0.001
CHF 2.71 1.24–5.92 0.012
ESRD 3.69 2.23–6.11 <0.001

Temperature (◦C) 0.66 0.54–0.80 0.002
HR (beats/min) 0.99 0.99–0.99 <0.001

ISS (median, IQR) 1.17 1.16–1.19 <0.001

CHF, congestive heart failure; ESRD, end-stage renal disease; HR, heart rate; ISS, injury severity scale.

3.3. Outcomes of the PSM Study Population

Propensity score-matched patients were selected to reduce the effect of differences in sex and age,
preexisting comorbidities, and injury severity of the patient population on the outcome assessment.
The 399 well-balanced pairs did not have significant differences in sex, age, co-morbidity, or ISS
(Table 6). There were no significant differences between these two propensity score-matched study
populations regarding mortality, hospital LOS, ICU admission rates, and PT and aPTT levels. Although
the mortality rate remained higher in hypothermic patients, the risk of this outcome was not statistically
significant (13.0% vs. 9.3%, OR: 1.5, 95% CI: 0.94–2.29, p = 0.115).

4. Discussion

In this study, the unadjusted analysis suggested a significant association between hypothermia and
mortality and multivariate logistic regression analysis revealed that patients’ low body temperature
was significantly associated with the mortality outcome. However, PSM analysis in the propensity
score-matched study populations with minimized potential confounding factors did not identify that
hypothermia defined by the body temperatures of <36 ◦C was associated with increased mortality,
longer hospital LOS, or ICU admission rate. These contradicting observations indicated the limitation
of the traditional definition of body temperature for the diagnosis of hypothermia with a cut off at
36 ◦C. Without the consideration of depth of hypothermia, the mechanism that led to the hypothermia,
or the rate of decline of core body temperature, the division of the trauma patients into hypothermia or
normothermia according a defined body temperature is too simple for the prediction of the outcome
from injury. The conflict in the observed results also reflect the current diverse opinions regarding the
association of hypothermia and mortality. Most of the retrospective and prospective studies found
that hypothermia is not only an ominous sign but also an independent predictor of mortality [2–11].
In contrast, Trentzsch et al. [15] analyzed 5197 trauma patients and concluded that hypothermia is just
an after effect of blood loss and hemorrhagic shock and thus a result of injury severity, which is unlikely
to be an independent predictor of mortality. Mommsen et al. [14] failed to prove that accidental
hypothermia was an independent factor for mortality in the multivariate analysis. In addition,
after correcting for injury severity, including physiologic and anatomic indicators, a retrospective
study by Steinemann et al. [13] reported no difference in mortality rates between hypothermic and
normothermic patients. Furthermore, a prospective observational study of trauma patients found that
a body temperature of <35 ◦C was a significant risk factor for multiple organ dysfunction, but that
early hypothermia was not an independent predictor of mortality [12].



Int. J. Environ. Res. Public Health 2018, 15, 1769 8 of 11

Table 6. Comparison of outcomes between study groups before and after propensity score matching.

Varibles
Before After

Hypothermia
n = 401

Normothermia
n = 13,368 OR (95% CI) p Hypothermia

n = 399
Normothermia

n = 399 OR (95% CI) p

Sex, n (%) 1.000
Male 260 (64.8) 7455 (55.8) 1.5 (1.19–1.80) <0.001 258 (64.7) 258 (64.7) 1.0 (0.75–1.34)

Female 141 (35.2) 5913 (44.2) 0.7 (0.56–0.84) <0.001 141 (35.3) 141 (35.3) 1.0 (0.75–1.34)
Age (years) 53.3 ±19.0 54.3 ±19.4 — 0.293 53.2 ±19.0 53.1 ±19.2 — 0.969

Comorbidity, n (%)
HTN 99 (24.7) 3972 (29.7) 0.8 (0.62–0.98) 0.030 98 (24.6) 98 (24.6) 1.0 (0.72–1.38) 1.000
DM 59 (14.7) 2119 (15.9) 0.9 (0.69–1.21) 0.579 57 (14.3) 57 (14.3) 1.0 (0.67–1.49) 1.000
CVA 13 (3.2) 589 (4.4) 0.7 (0.42–1.27) 0.270 13 (3.3) 13 (3.3) 1.0 (0.46–2.19) 1.000
CAD 16 (4.0) 554 (4.1) 1.0 (0.58–1.60) 0.901 15 (3.8) 15 (3.8) 1.0 (0.48–2.07) 1.000
CHF 5 (1.2) 125 (0.9) 1.3 (0.54–3.29) 0.594 5 (1.3) 5 (1.3) 1.0 (0.29–3.48) 1.000
ESRD 11 (2.7) 288 (2.2) 1.3 (0.70–2.36) 0.484 11 (2.8) 11 (2.8) 1.0 (0.43–2.33) 1.000

ISS (median, IQR) 10 (5–20) 9 (4–10) — <0.001 10 (5–20) 10 (5–20) — 0.950
Mortality, n (%) 54 (13.5) 307 (2.3) 6.6 (4.86–9.01) <0.001 52 (13.0) 37 (9.3) 1.5 (0.94–2.29) 0.115

LOS in hospital (days) 12.4 ±12.9 10.1 ±10.8 — 0.001 12.4 ±12.9 12.8 ±13.7 — 0.662
ICU admission, n (%) 175 (43.6) 2858 (21.4) 2.8 (2.33–3.48) <0.001 173 (43.4) 159 (39.8) 1.2 (0.87–1.53) 0.350

PT (seconds) 11.7 ±4.7 10.9 ±2.6 — <0.001 11.2 ±2.9 11.3 ±9.6 — 0.812
aPTT (seconds) 29.6 ±12.0 27.3 ±4.4 — <0.001 28.3 ±9.6 27.6 ±5.0 — 0.145

Data are presented as means ± SD, median (IQR), or n (%). HTN, hypertension; DM, diabetic mellitus; CVA, cerebral vascular accident; CAD, coronary artery disease; CHF, congestive
heart failure; ESRD, end-stage renal disease; ISS, injury severity scale; LOS, length of stay; ICU, intensive care unit; PT, prothrombin time; aPTT, activated partial thromboplastic time.
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Obviously, the differences in cut-off points for hypothermia and population characteristics would
lead to diverse or even contracting observations of the outcomes. Hypothermic patients generally had
higher injury severity and incidence of lower blood pressure than those in normothermic patients.
Furthermore, hypothermic patients more often had severe injuries to the head, chest, and abdomen
compared to normothermic patients. Therefore, it is not surprising that the vital signs of these patients
were often unstable. In this study, although the injury severity had been adjusted in PSM to estimate
the effect of hypothermia on mortality, it should be noted that, with the continuous variable of body
temperatures being turned into a binary categorical data, the cut-off value selected for a definition
of hypothermia (i.e., body temperatures of <36 ◦C in this study) may present a bias or even a false
negative finding in the outcome measurement. For example, a much lower temperature (e.g., 32 ◦C
or less) may even present a survival advantage for the trauma patients, as evidenced by a decreased
odds ratio for death in the therapeutic hypothermia [20–22]. Furthermore, Reynolds et al. reported
that a temperature of <34 ◦C in hemorrhagic patients requiring massive transfusion was associated
with a two-fold increased risk of mortality [11]. Klauke et al. and Waibel et al. defined hypothermia as
a core body temperature of <36 ◦C [3,5], whereas other studies defined hypothermia as a core body
temperature of <35 ◦C [6,8]. Our current study observed hypothermia, defined as a temperature of
<36 ◦C, in 3.0% of patients, with a 13.5% mortality rate for hypothermic patients. Our incidence was
less than the previously reported incidences of 15.7–22.9% in which hypothermia was similarly defined
as <36 ◦C [3,5]. The lower incidence of hypothermia may be attributed to the location of our institution
in southern Taiwan, which has a subtropical climate with less chance of hypothermia exposure [23,24],
as well as the convenient access that decreases the pre-hospital time to care. However, the mortality
rate of hypothermic patients in this study was similar to that reported in previous studies, which
ranged from 7.4% to 14.6% [3,5].

Hypothermia-induced coagulopathy is of potential physiological concern. Although coagulopathy
is a member of the lethal triad [1], significant coagulopathy does not develop until below 34 ◦C.
Moreover, hypothermia coagulopathy occurs even at a high core temperature and reversible platelet
dysfunction occurs during hypothermia, which is the probable source of dysfunctional bleeding
noted with hypothermia [25]. A study on the impact of hypothermia on platelet function in a porcine
model of multiple trauma reported that mild hypothermia affects the coagulation system but does
not aggravate trauma-induced coagulopathy [26]. In this study, the Pearson correlation revealed
that the body temperature was negatively correlated with PT and aPTT; however, these correlations
are very weak. The propensity score-matched hypothermic patients also did not present significant
coagulopathy compared to normothermic patients. However, this observation may also be limited by
the traditional definition of body temperature for the diagnosis of hypothermia.

Although the incidence of hypothermia at the time of admission varies between 1.57% and 44.6%
in trauma patients [2–15], attending physicians may fail to identify hypothermia in the ED. In a
retrospective analysis of the association between hypothermia on admission and clinical outcomes in
58,947 major trauma patients, 8.8% of patients were excluded due to temperature not being recorded [7].
In a retrospective analysis of 642 trauma admissions in a trauma center, up to 33% of patients had
no temperature recorded in the ED [27]. The effect of hypothermia may even be overlooked in
regions with tropical or subtropical climates, such as in Taiwan, where the risk of low temperature
exposure is relatively low. This study presented, with contrasting results, an unsolved problem
regarding the impact of admission body temperature on the trauma patients. Prospective randomized
control trials are needed to determine the relationship between hypothermia following trauma and the
clinical outcome.

This study had several other limitations. First, the retrospective design and the use of data
retrieved from a single center resulted in an inherent bias. Second, potential confounders (e.g., infused
fluid volume and temperature, blood transfusion, ventilator use, time interval from the initial scene to
the ED, and resuscitation during the transportation to the ED) were not controlled for in this study and
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may have led to a selection bias. Finally, patients declared dead at the scene of an accident or upon
hospital arrival were not included in the database, which may have led to a selection bias.

5. Conclusions

This study revealed that low body temperature was associated with the mortality outcome
in the multivariate logistic regression analysis but not in the PSM model that compared patients
with hypothermia defined as body temperatures of <36 ◦C to those who had normothermia. These
contradicting observations indicated that there is limitation for the diagnosis of hypothermia according
to the traditional definition of body temperature. Prospective randomized control trials are needed to
determine the relationship between hypothermia following trauma and the clinical outcome.
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Abstract: The Osteoporosis Self-assessment Tool for Asians (OSTA) is a validated index based on age
and weight to predict the risk of osteoporosis in women. This cross-sectional study was designed
to evaluate the impact of sexual dimorphism on the trauma patterns and the clinical outcomes of
patients with high-risk OSTA scores. Trauma data of patients with high-risk OSTA scores between
1 January 2009 and 31 December 2015 were retrieved from the trauma registry system of a level I
trauma center. A total of 2248 patients including 1585 women and 663 men were included in this
study. In-hospital mortality was assessed as the primary outcome in the propensity score-matched
analyses of the female and male patients, which were created in a 1:1 ratio under the adjustment
of potential confounders, including age, co-morbidity, mechanism and injury-severity score (ISS).
Female patients with a high-risk OSTA score had significantly lower mortality rates than their male
counterparts. Among the propensity score-matched population, female patients had lower odds of
having cerebral contusion and pneumothorax, but higher odds of presenting with radial, ulnar and
femoral fractures than male patients. In addition, the female patients still had significantly lower
odds of mortality (odds ratio (OR), 0.5; 95% confidence interval (CI), 0.29–0.90; p = 0.019) than the
male patients. However, no significant differences were noted in the length of stay (LOS) in hospital,
intensive-care unit (ICU) admission, and LOS in the ICU between the sexes. Female patients with
high-risk OSTA scores showed different injury patterns and significantly lower mortality rates than
their male counterparts, even after controlling for potential confounding factors.

Keywords: trauma registry system; Osteoporosis Self-Assessment Tool for Asians (OSTA); male;
female; osteoporosis; mortality; outcome

1. Background

Osteoporosis is a disease characterized by loss of bone mass and density that has become more
common with the rapidly increasing ageing population. With osteoporotic fractures being a significant
factor in morbidity and mortality, osteoporosis has rapidly increased and become a widespread public
health problem worldwide [1,2]. The gold standard for assessing bone density is dual-energy X-ray
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absorptiometry (DEXA). However, because of its relatively high cost, DEXA is not routinely used when
screening for osteoporosis. Therefore, the World Health Organization (WHO) developed a simple
screening tool, the Osteoporosis Self-assessment Tool for Asians (OSTA), in order to evaluate the risk
of osteoporosis. The OSTA is an index that is based on age and weight and can be calculated using
the following formula: (body weight (kg)—age (year)) × 0.2 [3]. Based on their risk of developing
osteoporosis, patients are distributed into the following 3 categories: high-risk (OSTA score < −4),
medium-risk (−1 ≥ OSTA score ≥ −4), and low-risk (OSTA score > −1). Patients categorized as high
risk, medium risk, and low risk had 61%, 15%, and 3% risk of developing osteoporosis, respectively [3,4].
The OSTA score has been validated as an effective and feasible screening tool to identify patients at risk of
developing osteoporosis in many Asian countries, including India, China, Korea, Japan, the Philippines,
Malaysia and Taiwan [4–11].

Differences in trauma etiology as well as in physiological and behavioral characteristics between
sexes had been reported [12,13]. Previous studies have shown that men when compared to women
display an increased risk of presenting trauma injuries owing to their stronger inclination to engage
in risky behaviors such as the consumption of alcohol or drugs, speeding, and violent action [14,15].
Thus, higher risk of injury-related mortality and morbidity are observed in men [16]. Reports from the
United States have shown that men were at least 2.2 times more likely to sustain traumatic injury than
women, with age, injury-severity score (ISS), and blunt-injury type being identified as the independent
predictors of in-hospital mortality [17]. In addition, female motorcycle riders were found to have
different injury characteristics and bodily injury patterns as well as lower ISS and in-hospital mortality
than their male counterparts [12]. Currently, although many studies have used the OSTA score to
investigate the clinical presentation and its associated outcome of patients with osteoporosis [9,18–23],
few studies have analyzed the differences between men and women. Therefore, the aim of this study
was to compare the differences in trauma patterns and clinical presentations between male and female
trauma patients with high-risk OSTA scores at a level I trauma center. Furthermore, this study used
a propensity score-matched analysis to assess and compare the outcomes between the sexes after
eliminating confounders such as age, comorbidity, mechanism and ISS.

2. Methods

2.1. Ethical Considerations

After obtaining approval (approval number: 201600352B0 and 201600348B0) from the institutional
review board (IRB) of Chang Gung Memorial Hospital, a level I trauma center located in southern
Taiwan [12,24], we reviewed all patients enrolled in our trauma registry system between 1 January
2009 and 31 December 2015. The analyses were conducted using anonymized secondary data without
linking the information to an individual patient. Informed consent was waived according to the
regulations of the IRB.

2.2. Study Population

The OSTA score was calculated based on the patients’ age and body weight using the following
formula: (body weight (kilogram) − age (year) × 0.2. The study population included patients aged
≥40 years and who had high-risk OSTA scores. Those who had incomplete registered data were
excluded from the study (n = 1137). Overall, 2248 patients with a high-risk OSTA score including
663 women and 1585 men were included in this study (Figure 1), accounting for 10.0% and 23.6% of the
total male and female patients, respectively (Figure 2). The following patient information was retrieved
from the trauma registry system: (1) age; (2) body weight (kg) and height (cm); (3) comorbidities
such as diabetes mellitus (DM), hypertension (HTN), coronary artery disease, congestive heart failure,
and cerebral vascular accident (CVA); (4) blood alcohol concentration (BAC), with a BAC level of
50 mg/dL being arbitrarily defined as the cut-off value for alcohol intoxication; (5) Glasgow coma
scale (GCS), which is the summation of scores for eye, verbal, and motor responses with minimum
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score of 3 indicating deep coma or a brain-dead state and maximum score of 15 indicating a fully
awake patient [25], upon arrival to the emergency department; (6) abbreviated injury scale (AIS),
which assesses the injury severity on a six-point scale ranging from minor (1-score), moderate (2-score),
serious (3-score), severe (4-score), critical (5-score), to un-survivable injury (6-score), and served as
an anatomy-based measurement for ranking specific injuries of six predefined body regions in an
individual [26]; (7) ISS, which indicates the injury severity of the trauma patient with the summation
of the squares of the AIS scores of three most severe injuries [27], expressed as the median and
interquartile range [IQR, Q1–Q3]); (8) mortality; (9) length of stay (LOS) in the hospital and in the
intensive-care unit (ICU); and (10) information regarding whether the patient had been admitted to
the ICU or not.

Figure 1. A flow chart presenting the grouping of patients with a high-risk Osteoporosis Self-assessment
Tool for Asians (OSTA) score based on their sex.

Figure 2. Distribution of the OSTA scores in the female and male patients as well as the percentage of
patients having a high-risk OSTA score.
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2.3. Statistical Analysis

We used the IBM SPSS software for Windows, version 20.0 (IBM Corp., Armonk, NY, USA) for
statistical analysis. Pearson’s chi-squared, chi-squared, and two-sided Fisher’s exact tests were used to
compare the categorical data. The odds ratios (ORs) of the associated conditions and injuries of the
patients were calculated with 95% confidence intervals (CIs). The continuous data were expressed as
mean ± standard deviation and analyzed using the unpaired Student’s t-test and Mann–Whitney U-test
for normally and non-normally distributed data, respectively. In order to eliminate the confounding
effects of the non-random assignment of patients based on their OSTA scores, when assessing the
patient outcomes, the NCSS software v.10 (NCSS Statistical Software, Kaysville, UT, USA) was used to
calculate the propensity score based on age, comorbidity, mechanism and ISS. A separate 1:1 matched
set of comparable study populations for the male vs. female patients was created using the greedy
method according to the propensity scores. The greedy method selects randomly a treated subject
at first. The untreated subject with closest propensity score to that of this randomly selected treated
subject is chosen for matching. A binary logistic regression was used to assess the effect of sex-related
groups on patient outcomes. A p-value of <0.05 was considered to be statistically significant.

3. Results

3.1. Characteristics of Patients

As shown in Table 1, in the studied population, the mean age of female patients is lower
than that of the male patients (80.6 ± 6.9 [range 58–102] vs. 82.1 ± 6.3 [range 59–99], p < 0.001).
As expected, the mean body weight and height were significantly lower in the female patients than
that of the male patients. Although female patients demonstrated higher rates of pre-existing DM
and HTN than their male counterparts, higher rates of pre-existing CVA were present in the male
patients when compared to the female patients. With regard to the mechanism of injury, female
patients displayed lower odds of sustaining motorcycle or bicycle accidents, but higher odds of
fall-related accidents than their male counterparts. The mean age of motorcyclists and cyclists was
significantly lower than those who had a fall among the female patients (Table A1). In addition,
the mean age of motorcyclists, but not cyclists, was significantly lower than those who had a fall
among the male patients. Although both groups had low incidence of positive BAC, the number of
female patients was less than that of the male patients. Female patients had a higher GCS than male
patients, but the difference in score was less than one point. In the analysis of patients with an AIS
of ≥3, which is indicative of a serious injury, female patients had higher odds of extremity injuries
than male patients; while the male patients had higher odds of head and neck and thorax injuries
than the female patients. Female patients had a significantly lower ISS than the male patients, with
most of the female patients demonstrating an ISS of <16, although few female patients had an ISS
of 16–24.

Table 1. Demographics and injury characteristics of male and female patients with high-risk OSTA scores.

Variables Female, n = 1585 Male, n = 663 Odds Ratio (95% CI) p

Age [range] (years) 80.6 ± 6.9 [58–102] 82.1 ± 6.3 [59–99] - <0.001
Body weight (kg) 48.6 ± 7.1 52.7 ± 6.7 - <0.001
Body height (cm) 151.7 ± 5.7 162.9 ± 6.1 - <0.001

Co-morbidity, n (%)
DM 400 (25.2) 92 (13.9) 2.1 (1.64–2.68) <0.001
HTN 962 (60.7) 310 (46.8) 1.8 (1.47–2.11) <0.001
CAD 156 (9.8) 59 (8.9) 1.1 (0.82–1.53) 0.488
CHF 44 (2.8) 17 (2.6) 1.1 (0.62–1.91) 0.778
CVA 151 (9.5) 91 (13.7) 0.7 (0.50-0.87) 0.003

Mechanism, n (%)
Motor vehicle 9 (0.6) 3 (0.5) 1.3 (0.34–4.66) 1.000
Motorcycle 133 (8.4) 132 (19.9) 0.4 (0.28–0.48) <0.001
Bicycle 74 (4.7) 53 (8.0) 0.6 (0.39–0.81) 0.002
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Table 1. Cont.

Variables Female, n = 1585 Male, n = 663 Odds Ratio (95% CI) p

Pedestrian 56 (3.5) 18 (2.7) 1.3 (0.77–2.25) 0.321
Fall 1277 (80.6) 434 (65.5) 2.2 (1.79–2.68) <0.001
Penetrating injury 7 (0.4) 6 (0.9) 0.5 (0.16–1.45) 0.222
Struck by/against 29 (1.8) 17 (2.6) 0.7 (0.39–1.30) 0.262

BAC ≥ 50 mg/dL, n (%) 1 (0.1) 5 (0.8) 0.1 (0.01–0.71) 0.010

GCS 14.4 ± 1.9 14.1 ± 2.2 - 0.006
≤8 49 (3.1) 32 (4.8) 0.6 (0.40–0.99) 0.044
9–12 63 (4.0) 40 (6.0) 0.6 (0.43–0.97) 0.033
≥13 1473 (92.9) 591 (89.1) 1.6 (1.17–2.19) 0.003

AIS ≥ 3, n (%)
Head/Neck 270 (17.0) 188 (28.4) 0.5 (0.42–0.64) <0.001
Face 0 (0.0) 0 (0.0) - -
Thorax 34 (2.1) 40 (6.0) 0.3 (0.21–0.54) <0.001
Abdomen 15 (0.9) 5 (0.8) 1.3 (0.46–3.47) 0.658
Extremity 991 (62.5) 327 (49.3) 1.7 (1.43–2.06) <0.001
ISS, median (IQR) 9 (9–9) 9 (9–13) - 0.001
<16 1369 (86.4) 512 (77.2) 1.9 (1.48–2.36) <0.001
16–24 161 (10.2) 118 (17.8) 0.5 (0.40–0.68) <0.001
≥25 55 (3.5) 33 (5.0) 0.7 (0.44–1.07) 0.093
Mortality, n (%) 44 (2.8) 40 (6.0) 0.4 (0.29–0.69) <0.001
LOS in hospital (days) 9.6 ± 8.3 11.2 ± 11.4 - 0.001
ICU admission, n (%) 308 (19.4) 197 (29.7) 0.6 (0.46–0.70) <0.001
LOS in ICU (days) 7.1 ± 9.7 8.6 ± 10.0 - 0.097

AIS = abbreviated injury scale; BAC = blood alcohol concentration; CAD = coronary artery disease; CI = confidence
interval; CVA = cerebral vascular accident; DM = diabetes mellitus; GCS = Glasgow coma scale; HTN = hypertension;
ICU = intensive care unit; IQR = interquartile range; ISS = injury severity score; LOS = length of stay; OR = odds ratio.

3.2. Outcome of Propensity-Score Matched Patients

A separate propensity score-matched population was created to minimize the selection bias
during outcome assessment. Moreover, the study compared the different trauma patterns in various
body parts of the male and female patients, including the head, face, thorax, abdomen and extremities.
Female patients displayed lower odds of having cerebral contusion (OR, 0.6; 95% CI, 0.40–0.97;
p = 0.036) and pneumothorax (OR, 0.3; 95% CI, 0.08–0.97; p = 0.031) than male patients (Figure 3 and
Table A2). In contrast, female patients demonstrated higher odds of radial (OR, 2.9; 95% CI, 1.70–4.99;
p < 0.001), ulnar (OR, 4.0; 95% CI, 1.84–8.87; p < 0.001), and femoral (OR, 1.3; 95% CI, 1.05–1.67; p = 0.018)
fracture than male patients. In this selected patient cohort, 573 well-balanced pairs of female and male
patients demonstrated no significant differences in regard to their age, comorbidity, mechanism and
ISS (Table 2). Comparative assessment of the clinical outcomes of these 573 well-balanced pairs of
patients with high-risk OSTA score revealed that female patients (OR, 0.5; 95% CI, 0.29–0.90; p = 0.019)
demonstrated lower mortality rates than male patients. However, the comparison of propensity-score
matched female patients vs. male patients revealed that there were no significant difference in regard
to the LOS in the hospital, rates of ICU admission, and LOS in the ICU (Table 3).
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Figure 3. Odds of associated illness between the propensity-score matched female and male patients with high-risk OSTA score. fx = fracture.
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Table 2. Covariates of male and female patients with high-risk OSTA scores before and after propensity-score matching analyses (1:1 matching via greedy method).

Variables
Before Matching After Matching

Female, n = 1585 Male, n = 663 Odds Ratio
(95% CI) p Female, n = 573 Male, n = 573 Odds Ratio

(95% CI) p

Age (years) 80.6 ± 6.9 82.1 ± 6.3 - <0.001 81.4 ± 6.3 81.8 ± 6.4 - 0.402

Co-morbidity, n (%)
DM 400 (25.2) 92 (13.9) 2.1 (1.64–2.68) <0.001 80 (1.4) 80 (1.4) 1.0 (0.72–1.40) 1.000
HTN 962 (60.7) 310 (46.8) 1.8 (1.47–2.11) <0.001 282 (49.2) 282 (49.2) 1.0 (0.79–1.26) 1.000
CAD 156 (9.8) 59 (8.9) 1.1 (0.82–1.53) 0.488 49 (8.6) 49 (8.6) 1.0 (0.66–1.51) 1.000
CHF 44 (2.8) 17 (2.6) 1.1 (0.62–1.91) 0.778 12 (2.1) 12 (2.1) 1.0 (0.45–2.25) 1.000
CVA 151 (9.5) 91 (13.7) 0.7 (0.50–0.87) 0.003 73 (12.7) 73 (12.7) 1.0 (0.71–1.42) 1.000

Mechanism, n (%)
Motor vehicle 9 (0.6) 3 (0.5) 1.3 (0.34–4.66) 1.000 1 (0.2) 1 (0.2) 1.0 (0.06–16.03) 1.000
Motorcycle 133 (8.4) 132 (19.9) 0.4 (0.28–0.48) <0.001 80 (14.0) 80 (14.0) 1.0 (0.72–1.40) 1.000
Bicycle 74 (4.7) 53 (8.0) 0.6 (0.39–0.81) 0.002 39 (6.8) 39 (6.8) 1.0 (0.63–1.58) 1.000
Pedestrian 56 (3.5) 18 (2.7) 1.3 (0.77–2.25) 0.321 15 (2.6) 15 (2.6) 1.0 (0.48–2.07) 1.000
Fall 1277 (80.6) 434 (65.5) 2.2 (1.79–2.68) <0.001 427 (74.5) 427 (74.5) 1.0 (0.77–1.30) 1.000
Penetrating injury 7 (0.4) 6 (0.9) 0.5 (0.16–1.45) 0.222 1 (0.2) 1 (0.2) 1.0 (0.06–16.03) 1.000
Struck by/against 29 (1.8) 17 (2.6) 0.7 (0.39–1.30) 0.262 10 (1.7) 10 (1.7) 1.0 (0.41–2.42) 1.000

ISS, median (IQR) 9 (9–9) 9 (9–13) - 0.001 9 (9–13) 9 (9–13) - 0.400

CAD = coronary artery disease; CI = confidence interval; CVA = cerebral vascular accident; DM = diabetes mellitus; HTN = hypertension; IQR = interquartile range; ISS = injury severity
score; OR = odds ratio.

Table 3. Clinical outcomes of male and female patients with high-risk OSTA scores assessed using the propensity-score matching analyses after adjusting for age,
comorbidity, mechanism, and injury severity score (ISS).

Variables
Propensity-Score Matched Cohort

Female, n = 573 Male, n = 573 Odds Ratio (95% CI) p

Mortality, n (%) 19 (3.3) 36 (6.3) 0.5 (0.29–0.90) 0.019
LOS in hospital (days) 10.4 ± 9.3 11.3 ± 11.5 - 0.154
ICU admission, n (%) 143 (25.0) 172 (30.0) 0.8 (0.60–1.01) 0.055
LOS in ICU (days) 7.6 ± 10.0 8.8 ± 10.4 - 0.286
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4. Discussion

This study compared the impact of sex dimorphism on the clinical outcomes of patients with
high-risk OSTA scores. It showed that male patients were significantly older, had higher incidence of
comorbidities and head/neck and thoracic injuries, and were more frequently injured in motorcycle
accidents when compared to their female counterparts. In contrast, female patients had higher
incidences of extremity injuries. Despite adjusting for confounding factors, including age, pre-existing
comorbidities, trauma mechanism, and injury severity, female patients still demonstrated a 0.5-fold
lower odds of mortality than male patients.

These results indicated that sexual dimorphism had an impact on trauma patterns and the clinical
outcomes of patients. There were various associated injuries in female and male patients. In this
study, the male patients had higher odds of cerebral contusion and pneumothorax, whereas the female
patients had higher odds of radial, ulnar and femoral fractures. The different proportion of trauma
injuries may be related to the higher rate of motorcycle accidents in male patients and a higher rate
of fall-related accidents in female patients. Notably, those with motorcycle accidents were younger
than those falling when walking, and the cyclists were significantly younger than those who had a fall
in the female, but not male, patients. Furthermore, another explanation for the different associated
injuries may be attributed to the fact that mean body weight and height were significantly lower in the
female patients than in male patients.

Furthermore, head and thoracic injuries were reported to be the independent risk factors for
mortality among the 10,607 motorcycle riders [28]. Alexander et al. reported that elderly patients with
multiple rib fractures and cardiopulmonary disease had a significant risk of mortality [29]. Although
the ISS was adjusted in the selected propensity-score matched populations, the risks of mortality in
patients with an AIS value categorized as serious to critical injury in different injured body regions
may not be the same, even after controlling for the potential confounding factors [30]. Moreover,
the different odds of associated illness of female and male patients prone to extremity fractures and
cerebral contusion as well as pneumothorax, respectively, did not fully explain the discrepancy of the
mortality number between sexes.

Moreover, hormonal differences may result in survival advantage. Estrogen improves myocardial
and hepatocellular functions and decreases lung congestion after trauma. In contrast, endogenous
testosterone depresses the immune response and causes the impairment of organ functions following
trauma and blood loss [31]. Some studies using human and animal models have revealed that the
sex hormones play an important role in the body’s response and affect clinical outcomes [31–33].
The Women’s Health Initiative has validated the value of long-term hormone therapy in women at
risk of osteoporosis, in which the female patients in the studied population had benefited from this
policy and had a survival advantage [34]. However, further prospective studies are needed to confirm
the protective role of hormones in mortality based on the observed sex differences of patients with
high-risk OSTA scores.

This study had several limitations. First, its retrospective design resulted in an inherent selection
bias, even while adopting a method of propensity-score matching. Second, the descriptive study had
no data regarding the indications for admission into or discharge from the ward and ICU, which
may have resulted in a selection bias. Third, patients with trauma who died outside the hospital,
those who were discharged against the advice of medical personnel from the emergency department,
and those who were not admitted in the emergency department were not included in this study,
which may have also caused a selection bias. Fourth, the lack of important data regarding physical
activity, nutrition status, and cognitive function in the trauma registry system may result in bias in
the analysis of outcomes. Furthermore, a low frequency of some associated illnesses may lead to bias
in the assessment of the odds of relative risk. Also, the impact of “care manager” nurses, who may
attribute a specialized role into the primary health care system, on the outcome was not assessed in
this study [35]. Finally, these results were obtained from a study population at a single level I trauma
center in southern Taiwan, and hence may not be generalized to other populations.
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5. Conclusions

In this study, female patients with a high-risk OSTA score showed different injury patterns and
presented lower mortality rates than their male counterparts, even after controlling for potential
confounding factors.

Acknowledgments: This research was supported by grants from Chang Gung Memorial Hospital
(CDRPG8D0043). We would like to thank the Biostatistics Center, Kaohsiung Chang Gung Memorial Hospital, for
their assistance with the statistical analyses.

Author Contributions: C.-E.T. wrote the manuscript; H.-T.L. reviewed the literature; P.-J.K. interpreted the data
and edited the tables; Y.-C.C. performed the statistical analyses; S.Y.H. proofread the manuscript; S.Y.H. was
responsible for the integrity of the trauma registry database; C.-C.L. helped design the study; and C.-H.H. designed
the study and contributed to the analysis as well as the interpretation of data. All authors read and approved the
final manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

The following abbreviations are used in this manuscript:

AIS abbreviated injury scale
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HTN hypertension
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Appendix A

Table A1. Trauma patterns in different body parts of male and female patients with high-risk OSTA scores.

Variables Female, n = 573 Male, n = 573 Odds Ratio (95% CI) p

Head trauma, n (%)
Cranial fracture 15 (2.6) 23 (4.0) 0.6 (0.33–1.25) 0.187
Epidural hematoma (EDH) 19 (3.3) 17 (3.0) 1.1 (0.58–2.18) 0.735
Subdural hematoma (SDH) 87 (15.2) 101 (17.6) 0.8 (0.61–1.15) 0.264
Subarachnoid hemorrhage (SAH) 49 (8.6) 56 (9.8) 0.9 (0.58–1.29) 0.474
Intracerebral hematoma (ICH) 20 (3.5) 24 (4.2) 0.8 (0.45–1.52) 0.539
Cerebral contusion 35 (6.1) 54 (9.4) 0.6 (0.40–0.97) 0.036
Cervical vertebral fracture 3 (0.5) 8 (1.4) 0.4 (0.10–1.41) 0.130

Maxillofacial trauma, n (%)
Orbital fracture 1 (0.2) 2 (0.3) 0.5 (0.05–5.52) 1.000
Nasal fracture 2 (0.3) 1 (0.2) 2.0 (0.18–22.16) 1.000
Maxillary fracture 12 (2.1) 15 (2.6) 0.8 (0.37–1.72) 0.559
Mandibular fracture 2 (0.3) 0 (0.0) - 0.500

Thoracic trauma, n (%)
Rib fracture 33 (5.8) 45 (7.9) 0.7 (0.45–1.14) 0.159
Hemothorax 5 (0.9) 9 (1.6) 0.6 (0.18–1.66) 0.282
Pneumothorax 3 (0.5) 11 (1.9) 0.3 (0.08–0.97) 0.031
Hemopneumothorax 2 (0.3) 6 (1.0) 0.3 (0.07–1.65) 0.287
Thoracic vertebral fracture 9 (1.6) 7 (1.2) 1.3 (0.48–3.49) 0.615
Abdominal trauma, n (%)
Hepatic injury 2 (0.3) 3 (0.5) 0.7 (0.11–4.00) 1.000
Splenic injury 4 (0.7) 0 (0.0) - 0.124
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Table A1. Cont.

Variables Female, n = 573 Male, n = 573 Odds Ratio (95% CI) p

Retroperitoneal injury 1 (0.2) 3 (0.5) 0.3 (0.03–3.20) 0.624
Renal injury 1 (0.2) 2 (0.3) 0.5 (0.05–5.52) 1.000
Lumbar vertebral fracture 14 (2.4) 8 (1.4) 1.8 (0.74–4.25) 0.196

Extremity trauma, n (%)
Scapular fracture 2 (0.3) 6 (1.0) 0.3 (0.07–1.65) 0.287
Clavicle fracture 16 (2.8) 18 (3.1) 0.9 (0.45–1.76) 0.728
Humeral fracture 23 (4.0) 15 (2.6) 1.6 (0.80–3.01) 0.187
Radial fracture 52 (9.1) 19 (3.3) 2.9 (1.70–4.99) <0.001
Ulnar fracture 31 (5.4) 8 (1.4) 4.0 (1.84–8.87) <0.001
Metacarpal fracture 7 (1.2) 7 (1.2) 1.0 (0.35–2.87) 1.000
Pelvic fracture 9 (1.6) 6 (1.0) 1.5 (0.53–4.26) 0.436
Femoral fracture 291 (50.8) 251 (43.8) 1.3 (1.05–1.67) 0.018
Patella fracture 6 (1.0) 9 (1.6) 0.7 (0.23–1.88) 0.436
Tibia fracture 18 (3.1) 14 (2.4) 1.3 (0.64–2.63) 0.473
Fibular fracture 12 (2.1) 9 (1.6) 1.3 (0.56–3.21) 0.509
Calcaneal fracture 6 (1.0) 5 (0.9) 1.2 (0.37–3.96) 0.762

Table A2. Comparison of the mean age of motorcyclists and cyclists against incidence of those who
had a fall among the female and male patients.

Male Motorcycle, n = 132 Bicycle, n = 53 Fall, n = 434 Motorcycle vs.
Fall (p)

Bicycle vs. Fall
(p)

Age [range]
(years) 80.6 ± 5.7 [68–94] 82.4 ± 5.6

[68–98]
82.7 ± 6.5

[59–99] 0.001 0.770
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Abstract: Background: This study aimed to determine the incidence of femoral fracture location in
trauma patients with different weight classes in fall and motorcycle accidents. Methods: A total of
2647 hospitalized adult patients with 2760 femoral fractures from 1 January 2009 to 31 December
2014 were included in this study. Femoral fracture sites were categorized based on their location:
proximal femur (type A, trochanteric; type B, neck; and type C, head), femoral shaft, and distal femur.
The patients were further classified as obese (body mass index [BMI] of ≥30 kg/m2), overweight
(BMI of <30 but ≥25 kg/m2), normal weight (BMI of <25 but ≥18.5 kg/m2), and underweight (BMI of
<18.5 kg/m2). Odds ratios and 95% confidence intervals of the incidences of femoral fracture location
were calculated in patients with different weight classes in fall or motorcycle accidents, and they
were then compared with those in patients with normal weight. p values of <0.05 were considered
statistically significant. Results: Most of the fractures sustained in fall accidents presented in the
proximal type A (41.8%) and type B (45.3%) femur, whereas those sustained in motorcycle accidents
involved the femoral shaft (37.1%), followed by the distal femur (22.4%) and proximal type A femur
(21.2%). In fall accidents, compared with normal-weight patients, obese and overweight patients
sustained lower odds of risk for proximal type B fractures but higher odds of risk for femoral shaft
and distal femoral fractures. In motorcycle accidents, compared with normal-weight patients, obese
patients sustained lower odds of risk for proximal type B fractures but no difference in odds of risk
for femoral shaft and distal femoral fractures. Overweight and underweight patients who sustained
fractures in a motorcycle accident did not have different fracture location patterns compared with
normal-weight patients. Conclusions: This study revealed that femoral fracture locations differ
between fall and motorcycle accidents. Moreover, greater soft tissue padding may reduce impact
forces to the greater trochanteric region in obese patients during fall accidents, and during motorcycle
accidents, the energy transmitted and the point of impact may dominantly determine the location of
femoral fractures.
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Int. J. Environ. Res. Public Health 2018, 15, 1082; doi:10.3390/ijerph15061082 www.mdpi.com/journal/ijerph

http://www.mdpi.com/journal/ijerph
http://www.mdpi.com
https://orcid.org/0000-0002-0945-2746
http://www.mdpi.com/1660-4601/15/6/1082?type=check_update&version=1
http://dx.doi.org/10.3390/ijerph15061082
http://www.mdpi.com/journal/ijerph


Int. J. Environ. Res. Public Health 2018, 15, 1082 2 of 9

1. Background

Many studies have reported that obesity is associated with an increased risk for musculoskeletal
injuries [1–3]. In children, extremely obese patients had a 1.45-fold increased risk for lower extremity
fracture than normal-weight patients, and moderately obese and overweight patients had a 23% and
17% increased fracture risk, respectively [4]. This risk for lower extremity fracture increased with
increasing weight classes in both men and women [4]. The GLOW study, a prospective multinational
study that included 60,393 women aged ≥55 years [5], confirmed that obese patients had a higher
frequency of falls [6] and were more likely to have experienced previous lower extremity fractures
than other patients.

In lower extremity fractures, femoral fracture is associated with considerable morbidity [7,8].
Nonetheless, the incidence of femoral fracture is a complex phenomenon. Heavier patients are generally
less active and may have fewer trauma tendencies; however, with increasing body weight, their feet
may become more unstable. Obese people have increased bone density and are non-osteoporotic [9,10].
The potential energy associated with falls from a standing height impacting on the hip is greater than
the average energy required to fracture an elderly hip [11]. As the body mass index (BMI) increases,
the cross-sectional area, section modulus, and bone mineral density (BMD) of the femur increases [6].
However, the probability of fracture depends not only on its likelihood of occurring and on the
bone strength but also on the force of impact during trauma. The magnitudes of traumatic impact
forces increase in proportion to the body weight. Therefore, greater impact forces should increase the
incidence of femoral fractures [12]. However, many studies reported that hip fracture rates were low
with increasing BMI [6,13], which is thought to be due to increased padding provided by increased fat
deposits over the trochanter and iliac wing areas [14,15].

Most of the studies on femoral fractures focus on patients sustaining a fall and less from other
kinds of trauma, and studies on the location of femoral fractures have been limited. In Taiwan,
motorcycles are a popular means of transportation and are a major reason for trauma in the
population [16–18], leading to an increased incidence of motorcycle-related injuries and fatalities [19].
Obese motorcycle riders reportedly have different injury characteristics and patterns to normal-weight
motorcycle riders [20,21]. Because the energy involved during an impact is directly proportional to
both mass and velocity (squared), unrestrained individuals are at a higher risk for injury. An elevated
BMI may dissipate high energy in a crash, thereby increasing the vulnerability of the victim to serious
injury [22]. However, studies on the incidence of femoral fracture in motorcycle accidents have been
limited. Therefore, this study aimed to determine the incidence of femoral fracture location in trauma
patients with different weight classes in motorcycle and fall accidents.

2. Methods

Study Design

This study was approved by the Institutional Review Board (IRB) of the Chang Gung Memorial
Hospital (approval number 105-1108C) before its implementation. According to IRB regulations,
the need for informed consent was waived off. This retrospective study reviewed data of all 20,106
patients enrolled in the Trauma Registry System from 1 January 2009 to 31 December 2014 (Figure 1).
The inclusion criteria were as follows: (1) adult patients aged ≥20 years and (2) hospitalization for
the treatment of trauma with femoral fracture diagnoses. Patients with incomplete registered data
were excluded. According to the World Health Organization’s definition [23,24], these trauma patients
were categorized as obese (BMI of ≥30 kg/m2), overweight (BMI of <30 but ≥25 kg/m2), normal
weight (BMI of <25 but ≥18.5 kg/m2), and underweight (BMI of <18.5 kg/m2). The retrieved patient
data included age; sex; trauma mechanisms (fall from standing height, motorcycle accident, bicycle
accident, motor vehicle accident, struck by/against an object, and pedestrian accident); BMI calculated
as weight (kg)/height (m)2; Abbreviated Injury Scale (AIS) score of each body part; Injury Severity
Score (ISS); and femoral fracture sites categorized according to their location as proximal femoral (type
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A:, trochanteric; type B, neck; and type C, head), femoral shaft, and distal femoral fractures based
on the Arbeitsgemeinschaft für Osteosynthesefragen classification (Figure 2) [25]. The data collected
were compared using IBM SPSS Statistics for Windows, version 22.0 (IBM Corp., Armonk, NY, USA).
Odds ratio and 95% confidence intervals of the risk of a particular fracture location were calculated.
p values of <0.05 were considered statistically significant.
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3. Results

3.1. Characteristics of the Patients with Femoral Fracture

A total of 2647 patients with 2,760 femoral fractures were included in this study (Table 1), with 960
(34.8%) proximal femoral type A, 997 (36.1%) proximal femoral type B, 42 (1.5%) proximal femoral
type C, 443 (16.1%) femoral shaft, and 318 (11.5%) distal femoral fractures. Among these patients,
1,153 (24.3%) and 1,494 (56.4%) were men and women, respectively, and 202 (7.6%) were obese,
643 (24.3%) were overweight, 1552 (58.6%) had normal weight, and 250 (9.4%) were underweight.
Falling was the leading cause of femoral fractures (64.9%), followed by motorcycle (26.1%) and bicycle
(4.2%) accidents. Associated injuries to the head/neck (8.7%), face (5.2%), thorax (4.9%), and abdomen
(2.9%) were also found in these patients. With a median ISS of 9, a total of 2489 (94.0%), 81 (3.1%),
and 77 (2.9%) patients had an ISS of <16, 16–24, and ≥25, respectively.

Table 1. Characteristics of patients with femoral fractures.

Variables Patients n = 2647

Gender, n (%)

Male 1153 (43.6)
Female 1494 (56.4)

Age (years) 66.5±19.5
BMI classification, n (%)

Obese 202 (7.6)
Overweight 643 (24.3)

Normal 1552 (58.6)
Underweight 250 (9.4)

Mechanisms, n (%)

Fall 1719 (64.9)
Motorcycle 690 (26.1)

Bicycle 112 (4.2)
Motor vehicle 54 (2.0)

Struck by/against 44 (1.7)
Pedestrian 28 (1.1)

AIS, n (%)

Head/Neck 229 (8.7)
Face 137 (5.2)

Thorax 130 (4.9)
Abdomen 78 (2.9)

ISS, median (IQR) 9 (9–9)
<16 2489 (94.0)

16–24 81 (3.1)
≥25 77 (2.9)

3.2. Location of Femoral Fractures in Patients with Different Injury Mechanisms

As shown in Table 2, most fractures sustained from a fall accident were proximal type A (41.8%)
and type B (45.3%), whereas those in the motorcycle accident involved the femoral shaft (37.1%),
followed by the distal femur (22.4%) and proximal type A (21.2%). Compared to patients who
sustained fractures from a fall, those sustained fractures from a motorcycle accident had lower odds of
proximal type A and proximal B fractures, but 17.2-fold higher odds of a proximal type C fracture,
8.7-fold of a femoral shaft fracture, and 4.2-fold of a distal femoral fracture; patients who sustained a
motor vehicle accident had a fracture pattern similar to those who sustained fractures from motorcycle
accidents, as evidenced by lower odds of proximal type A and B fractures, but 76.2-fold higher odds of
proximal type C, 10.2-fold of femoral shaft, and 4.0-fold of distal femoral fractures; and patients who
sustained an injury after being struck by/against an object also had a fracture pattern similar to those
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who sustained fractures from motorcycle accidents, as evidenced by lower odds of proximal type A
and B fractures, but higher odds of femoral shaft and distal femoral fractures. Patients who sustained
injuries as pedestrians had higher odds of femoral shaft and distal femoral fractures than those who
sustained injury from a fall. In addition, differences in the location of femoral fracture between patients
who had a fall accident and those who were injured via riding a bicycle was not observed.

3.3. Location of Femoral Fractures in Patients with Different Weight Classes in Fall Accidents

Among the patients who sustained fractures in a fall accident (Table 3), obese and overweight
patients sustained 0.5-fold and 0.7-fold higher odds of proximal type B fractures, respectively,
than those with normal weight. In addition, obese and overweight patients sustained 2.9-fold and
1.7-fold higher odds of femoral shaft fractures and 4.0-fold and 2.4-fold higher odds of distal femoral
fractures than those with normal weight. In contrast, underweight patients presented 1.4-fold higher
odds of a proximal type A fracture and 0.1-fold higher odds of a distal femoral fracture than those
with normal weight.

3.4. Location of Femoral Fractures in Patients with Different Weight Classes in Motorcycle Accidents

Among the patients who sustained fractures from a motorcycle accident (Table 4), obese patients
sustained a 0.4-fold higher odds of proximal type B fractures than the normal-weight patients.
Moreover, overweight and underweight patients did not have a different fracture location pattern to
normal-weight patients.
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Table 2. Location of femoral fracture in patients with different injury mechanisms.

Variables Fall
n = 1765 (I)

Motorcycle
n = 744 (II)

Bicycle
n = 113 (III)

Motor Vehicle
n = 61 (IV)

Struck by/against
n = 48 (V)

Pedestrian
n = 29 (VI)

Proximal-A 737 (41.8) 158 (21.2) 40 (35.4) 8 (13.1) 9 (18.8) 8 (27.6)
Proximal-B 799 (45.3) 115 (15.5) 57 (50.4) 6 (9.8) 12 (25.0) 8 (27.6)
Proximal-C 4 (0.2) 28 (3.8) 1 (0.9) 9 (14.8) 0 (0.0) 0 (0.0)

Shaft 112 (6.3) 276 (37.1) 6 (5.3) 25 (41.0) 18 (37.5) 6 (20.7)
Distal 113 (6.4) 167 (22.4) 9 (8.0) 13 (21.3) 9 (18.8) 7 (24.1)

Variables
OR (95%CI) p OR (95%CI) p OR (95%CI) p OR (95%CI) p OR (95%CI) p

II vs. I III vs. I IV vs. I V vs. I VI vs. I

Proximal-A 0.4 (0.31–0.46) <0.001 0.8 (0.51–1.14) 0.183 0.2 (0.10–0.45) <0.001 0.3 (0.16–0.67) 0.001 0.5 (0.23–1.21) 0.125
Proximal-B 0.2 (0.18–0.28) <0.001 1.2 (0.84–1.80) 0.284 0.1 (0.06–0.31) <0.001 0.4 (0.21–0.78) 0.005 0.5 (0.20–1.05) 0.058
Proximal-C 17.2 (6.02–49.26) <0.001 3.9 (0.44–35.46) 0.267 76.2 (22.73–255.44) <0.001 — 1.000 — 1.000

Shaft 8.7 (6.83–11.09) <0.001 0.8 (0.36–1.93) 0.660 10.2 (5.94–17.68) <0.001 8.9 (4.79–16.38) <0.001 3.9 (1.54–9.65) 0.010
Distal 4.2 (3.27–5.47) <0.001 1.3 (0.62–2.57) 0.514 4.0 (2.08–7.52) <0.001 3.4 (1.60–7.14) 0.004 4.7 (1.95–11.12) 0.002

Table 3. Location of femoral fracture in patients with different weight classes in fall accidents.

Variables
Obese

n = 108 (II)
Overweight
n = 415 (III)

Underweight
n = 185 (IV)

Normal
n = 1057 (I)

OR (95%CI) p OR (95%CI) p OR (95%CI) p

II vs. I III vs. I IV vs. I

Proximal-A 39 (36.1) 170 (41.0) 91 (49.2) 437 (41.3) 0.8 (0.53–1.21) 0.292 1.0 (0.78–1.24) 0.894 1.4 (1.00–1.88) 0.046
Proximal-B 36 (33.3) 162 (39.0) 87 (47.0) 514 (48.6) 0.5 (0.35–0.80) 0.002 0.7 (0.54–0.85) 0.001 0.9 (0.69–1.28) 0.688
Proximal-C 0 (0.0) 3 (0.7) 0 (0.0) 1 (0.1) — 1.000 7.7 (0.80–74.13) 0.070 — 1.000

Shaft 15 (13.9) 36 (8.7) 6 (3.2) 55 (5.2) 2.9 (1.60–5.40) <0.001 1.7 (1.12–2.68) 0.013 0.6 (0.26–1.44) 0.255
Distal 18 (16.7) 44 (10.6) 1 (0.5) 50 (4.7) 4.0 (2.26–7.20) <0.001 2.4 (1.57–3.64) <0.001 0.1 (0.02–0.80) 0.008

Table 4. Location of femoral fracture in patients with different weight classes in motorcycle accidents.

Variables
Obese

n = 92 (II)
Overweight
n = 206 (III)

Underweight
n = 47 (IV)

Normal
n = 399 (I)

OR (95%CI) p OR (95%CI) p OR (95%CI) p

II vs. I III vs. I IV vs. I

Proximal-A 19 (20.7) 40 (19.4) 12 (25.5) 87 (21.8) 0.9 (0.53–1.63) 0.809 0.9 (0.57–1.31) 0.494 1.2 (0.61–2.47) 0.561
Proximal-B 7 (7.6) 25 (12.1) 12 (25.5) 71 (17.8) 0.4 (0.17–0.86) 0.016 0.6 (0.39–1.04) 0.071 1.6 (0.78–3.20) 0.197
Proximal-C 5 (5.4) 9 (4.4) 1 (2.1) 13 (3.3) 1.7 (0.59–4.91) 0.353 1.4 (0.57–3.23) 0.489 0.6 (0.08–5.05) 1.000

Shaft 34 (37.0) 80 (38.8) 18 (38.3) 144 (36.1) 1.0 (0.65–1.66) 0.876 1.1 (0.80–1.59) 0.508 1.1 (0.59–2.05) 0.766
Distal 27 (29.3) 52 (25.2) 4 (8.5) 84 (21.1) 1.6 (0.94–2.59) 0.086 1.3 (0.85–1.88) 0.242 0.3 (0.12–1.02) 0.051
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4. Discussion

This study revealed that the locations of femoral fractures differed between fall and motorcycle
accidents; in the former, proximal type A and B fractures were predominant, and in the latter, femoral
shaft fracture, followed by distal femoral and proximal type A fractures, were predominant. Similarly,
the fracture location pattern was consistent in low-energy impact accidents such as bicycle and fall
accidents, as well as in high-energy impact accidents such as motorcycle and motor vehicle accidents.

In fall accidents, compared with normal-weight patients, obese and overweight patients had
lower odds of risk for proximal type B fractures but higher odds of risk for femoral shaft and distal
femoral fractures. These results are in accordance with those of a study performed in a meta-analysis
of 12 multinational cohorts of nearly 60,000 adults, showing that, independent of sex, patients with
BMI of >25 kg/m2 had significantly lower rates of hip fractures than those with BMI of <25 kg/m2 [26].
When trauma occurs, the shape and structure of the femur determine how the forces are transmitted
through the bone from the point of impact, which results in a fracture [27]. In a fall accident, the force
directly impacts the posterolateral aspect of the greater trochanter, making the femoral neck particularly
vulnerable to fractures [28]. However, although the magnitudes of traumatic impact forces increase in
proportion to body weight and may result in increased incidences of femoral fractures, such increased
incidences were only noted in the femoral shaft and distal femur and not in the proximal femur, as
evidenced by decreased incidence of fractures in the femoral neck (type B) of obese patients. The most
logical explanation is that the greater soft tissue padding in these sites compensates the greater impact
forces that result from falls in obese patients [14,15]. The impact force disadvantage is more likely
compensated by thicker soft tissue padding, which reduces the force transmitted to the bone.

In underweight patients, the adjusted BMD, cross-sectional area, and section modulus of the
femur have been found to be lower than those with normal weight [6]. In this study, soft tissue
padding should have little moderating effects on fall impact in underweight patients, as difference in
the femoral type B fracture was not observed in underweight patients. Moreover, the fracture location
pattern in underweight patients was quite different from that of obese patients, and the incidence of
proximal type A femoral fractures was even higher in underweight patients than in normal-weight
patients; this result was in agreement with the observation that the rate of hip fractures was twice as
high in underweight patients than those in normal-weight patients [6].

The impact of energy transmitted to the bone is generally greater in motorcycle accidents than in
fall accidents, and the point of impact to the femur is not limited to the greater trochanter, which is
commonly observed in fall accidents. A similar scenario was found in motor vehicle accidents,
demonstrating that elevated BMI increased the risk for lower-extremity injury in frontal crashes,
but decreased the risks for injury in nearside impacts [14,15]. In this study, the odds of proximal type
B fractures in obese patients was lower than those in normal-weight patients in motorcycle accidents.
The protection effect of soft tissue padding was still found in obese but not in overweight patients,
implying its protection effect may not be enough to offset the high energy impact transmitted during
motorcycle accidents. In this study, overweight and underweight patients who sustained motorcycle
accidents did not have a different fracture location pattern from those with normal weight, implying
that the energy transmitted and the point of impact may dominantly determine the location of femoral
fractures during motorcycle accidents.

Some limitations of this study should be acknowledged. First, an inherent selection bias existed
because of the retrospective design. Second, the lack of data regarding the impact speed and force
in motorcycle accidents and the use of any other protective materials limit the interpretation of the
analyzed data. Third, the statistical analysis may be underpowered, especially regarding the incidence
of femoral type C fracture, due to a small number of patients. Fourth, the population included in this
study is limited to a single urban trauma center in southern Taiwan, which may not be representative
of other populations. The lack of any information regarding the status of BMD, serum levels of calcium
and vitamin D, and the medical/pharmacological history represent one important limitation of the
study. Further, a bias may exist during the assessment of the relative risk for femoral fracture in
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different locations because the osteoporotic condition of the femur was unknown as patients who
sustained a fall injury are generally older than those injured in a motorcycle accident.

5. Conclusions

This study revealed that the locations of femoral fracture differ between fall and motorcycle
accidents. In fall accidents, compared with normal-weight patients, obese and overweight patients had
lower odds of risk for proximal type B fractures but higher odds of risk for femoral shaft and distal
femoral fractures. In motorcycle accidents, compared with normal-weight patients, obese patients
had lower odds of risk for proximal type B fractures and no difference in odds of risk for femoral
shaft and distal femoral fractures. This study implies that greater soft tissue padding may reduce
the impact forces to the greater trochanteric region in obese patients during fall accidents, and the
energy transmitted and the point of impact during motorcycle accidents may dominantly determine
the location of femoral fractures.
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Abstract: Background: We aimed to explore the risk factors that contribute to the mortality of elderly
trauma patients with acute subdural hematoma (SDH) resulting from a fall. Mortality rates of the
elderly were compared to those of young adults. Methods: A total of 444 patients with acute traumatic
subdural hematoma resulting from a fall, admitted to a level I trauma center from 1 January 2009 to
31 December 2016 were enrolled in this study. Patients were categorized into two groups: elderly
patients (n = 279) and young adults (n = 165). The primary outcome of this study was patient
mortality in hospital. The adjusted odds ratio (AOR) with 95% confidence interval (CI) for mortality
was calculated according to gender and pre-existing comorbidities. Univariate and multivariate
logistic regression analyses were performed to identify factors related to mortality in the elderly.
Results: The odds ratio for mortality caused by falls in the elderly patients was four-fold higher
than in the young adults, after adjusting for gender and pre-existing comorbidities. In addition,
the presence of pre-existing coronary artery disease (OR 3.2, 95% CI 1.09–9.69, p = 0.035), end-stage
renal disease (OR 4.6, 95% CI 1.48–14.13, p = 0.008), hematoma volume (OR 1.2, 95% CI 1.11–1.36,
p < 0.001), injury severity score (OR 1.3, 95% CI 1.23–1.46, p < 0.001), and coagulopathy (OR 4.0,
95% CI 1.47–11.05, p = 0.007) were significant independent risk factors for mortality in patients with
acute traumatic SDH resulting from a fall. Conclusions: In this study, we identified that pre-existing
CAD, ESRD, hematoma volume, ISS, and coagulopathy were significant independent risk factors
for mortality in patients with acute traumatic SDH. These results suggest that death following acute
SDH is influenced both by the extent of neurological damage and the overall health of the patient at
the time of injury.

Keywords: traumatic brain injury; subdural hematoma (SDH); trauma; fall; elderly; young adult;
mortality; risk factor

Int. J. Environ. Res. Public Health 2018, 15, 2426; doi:10.3390/ijerph15112426 www.mdpi.com/journal/ijerph

http://www.mdpi.com/journal/ijerph
http://www.mdpi.com
https://orcid.org/0000-0002-0945-2746
http://www.mdpi.com/1660-4601/15/11/2426?type=check_update&version=1
http://dx.doi.org/10.3390/ijerph15112426
http://www.mdpi.com/journal/ijerph


Int. J. Environ. Res. Public Health 2018, 15, 2426 2 of 9

1. Introduction

There has been a worldwide increase in the incidence of fall related injuries, in part caused
by the increasing elderly population. In addition, approximately 60% of patients are hospitalized
due to injuries sustained in a fall. Falls are the leading cause of hospital admission for traumatic
injury in elderly patients [1]. It has been reported that falls are the most common cause of acute
subdural hematoma (SDH) [1–3]. Of 92,030 patients with SDH in the National Trauma Data Bank in
the United States, 55,729 (61%) had sustained injuries from falling [4]. Previous studies have revealed
an association between the risk of SDH and falls [4]. In older patients, reduced brain parenchyma has
been associated with an increased risk of SDH, which may even occur following minor trauma [5].
We have previously reported that a significantly higher percentage of elderly patients sustained SDH
following a fall than comparatively young adult patients (10.1% vs. 8.2%, respectively, p = 0.032) [1].

SDH usually results from tears in bridging veins, which cross between the cerebral cortex and the
dural sinus [6], or, less frequently, a rupture of the superior cortical arteries [7]. Blood accumulates in
the space surrounding the brain parenchyma, between the arachnoid mater and the dura [8]. Increased
intracranial pressure caused by a hematoma causes further compression and damage to the delicate
brain tissue. As the patients grow older, there is a higher prevalence of comorbidities and increased
use of medications, including anticoagulants [9,10] and polypharmacy [11]. This can heighten the risk
of bleeding and developing further complications. A reduced physiological reserve and vulnerable
central nervous system can further impair the ability of elderly patients to accommodate the stress
resulting from an injury [12,13]. In the 1990s, the mortality rate for acute SDH was reported to be
as high as 60% [2]. The mortality rate of SDH decreased to a level of 20% around the year 2000 and
has fallen as low as 14% within the last decade [2]. However, acute SDH has been reported to be
a poor prognostic factor for those patients with a traumatic brain injury [14] and is still associated
with a greatly increased probability of death when compared to epidural hematoma (EDH) [15,16].
The IMPACT study found that after controlling for age, Glasgow Coma Score (GCS), motor score and
pupil reactions, the presence of SDH doubled the odds of a poor outcome at six months [17]. Worse
overall outcomes were particularly common in the elderly [18,19]. There was higher mortality for
the elderly following falls (adjusted odds ration [AOR] = 1.9, 95% confidence interval [CI]: 1.06–3.59)
compared to young adult patients, after adjusting for pre-existing comorbidities and severity of
injury [1]. Therefore, this study was designed to identify the risk factors that contribute to the mortality
rate of elderly trauma patients with acute SDH resulting from a fall, in comparison with young adults.

2. Materials and Methods

2.1. Ethics Statement

This study had been approved by the institutional review board (IRB) of the Kaohsiung Chang
Gung Memorial Hospital, a level I regional trauma center in southern Taiwan, with a reference number
201700600B0 [20,21]. The need for informed consent was waived because this is a retrospective study
using the Trauma Registry System.

2.2. Study Population

This study included all adult patients who sustained an acute traumatic SDH in a fall and were
admitted to hospital from 1 January 2009 to 31 December 2016. We included only adult patients aged
≥20 years who had sustained a fall from a standing height (≤1 m). We excluded those patients with
incomplete data and those who did not have a computed tomography (CT) image of the brain that
was of good enough quality to calculate the hematoma volume in the subdural region (CT information
unavailable). Patients transferred from another medical institute without CT images were also
excluded. The study population was divided into two groups for the purpose of comparison. The two
groups comprised elderly patients aged ≥65 years and young adults aged 20–64 years. The patient
information retrieved included: age; sex; comorbidities; injury severity score (ISS), expressed as a
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median and interquartile range (IQR, Q1–Q3); subdural hematoma volume (mL) from the CT image at
admission; surgery (decompression via craniotomy or craniectomy with clot evacuation); reoperation
(repeat craniotomy or craniectomy, surgery for brain-related complications such as hydrocephalus or
abscess, and restoration of the piece of skull bone); length of stay (LOS) in hospital; admission into an
intensive care unit (ICU); and mortality in hospital. Comorbidities included diabetes mellitus (DM);
hypertension (HTN); coronary artery disease (CAD), congestive heart failure (CHF), cerebral vascular
accident (CVA) and end-stage renal disease (ESRD). Coagulopathy of the patient was defined as an
international normalized ratio (INR) > 1.2 in the laboratory test at the emergency room. To calculate
intracranial blood volume, the pixel values of the DICOM image files were converted to Hounsfield
units (HU), a quantitative scale used to describe radiodensity in CT images. The HU for hematomas
ranges from +50 to +80 [22], while air, water and bone have an attenuation value of −1000, 0, and +400
HU, respectively. The pixel values outside the skull bone were excluded from the quantification. The
length of the hematoma was defined by measuring the linear distance between the corners of the SDH
crescent. The breadth was defined measuring the maximum distance of the hematoma from the inner
table of the skull, perpendicular to the length. The depth was determined as the number of slices
of visible hematoma multiplied by the slice thickness. The product of the length and breadth was
calculated as the area. The top five largest areas in consecutive images were calculated as the mean area
of a hematoma. The hematoma volume was calculated as mean area × depth and was expressed in mL.
An isolated SDH indicated that there was an SDH but no evidence of other hemorrhages such as EDH,
intracerebral hemorrhage (ICH), subarachnoidal hemorrhage (SAH), or intraventricular hemorrhage
(IVH) on the brain CT image.

2.3. Statistical Analysis

We performed statistical analyses using SPSS 22.0 software (IBM Corp., Armonk, NY, USA).
The odds ratios (ORs) of the associated conditions of the patients were presented with 95% CIs.
The homogeneity of variance of the continuous variables was first assessed using Levene’s test,
followed by one-way analysis of variance (ANOVA) with a Games–Howell post-hoc test, which
was used to evaluate the differences between elderly and young adult patients. We expressed the
continuous data as mean ± standard deviation. Mortality of patients in hospital was the primary
outcome of the study. The adjusted odds ratio (AOR) of mortality was calculated with a 95% CI, taking
into accounts gender and pre-existing comorbidities. Univariate and multivariate logistic regression
analysis was performed to identify factors related to mortality in the elderly. Results were considered
to be statistically significant when a p value of <0.05 was obtained.

3. Results

3.1. Patient and Injury Characteristics

A total of 444 patients with acute traumatic SDH resulting from a fall were included in this study.
Patients were categorized into two groups: elderly patients (n = 279) and young adults (n = 165)
(Figure 1). As shown in Table 1, there were significantly more female patients in the elderly group,
compared with the young adults. The prevalence of pre-existing comorbidities including DM, HTN,
CAD, CVA, and ESRD was significantly higher in elderly patients than in young adults. No significant
difference was found in the rate of CHF between the two groups. The elderly patients did not have a
significantly higher GCS score than the young adults, nor was there a greater percentage of elderly
patients with a GCS score of ≤8, a GCS score between 9 and 12, or a GCS score ≥ 13 compared to
younger patients. The rates of coagulopathy (7.2% vs. 7.9%, respectively; p = 0.852), ISS (median
[Q1–Q3] 16 (16–20) vs. 16 (16–24), respectively; p = 0.434) and hematoma volume (39.0 ± 35.7 vs.
34.7 ± 30.8 mL, respectively; p = 0.199) were not significantly different between the elderly and the
young adults.
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DM, n (%) 91(32.6) 29(17.6) 0.001 
HTN, n (%) 180(64.5) 42(25.5) <0.001 
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Figure 1. Flow chart showing the method used for selection of adult patients with acute traumatic
subdural hematoma (SDH) resulting from a fall and the allocation of patients into two groups: elderly,
aged ≥ 65 years, and young adults, aged 20–64 years.

Table 1. Characteristics and outcomes of adult patients who sustained a subdural hemorrhage due to
a fall.

Variables Elderly (n = 279) Young Adults (n = 165) p

Age (years) 77.5 ± 7.7 49.3 ± 11.2 <0.001
Gender <0.001

Male, n (%) 149(53.4) 137(83.0)
Female, n (%) 130(46.6) 28(17.0)
Comorbidities

DM, n (%) 91(32.6) 29(17.6) 0.001
HTN, n (%) 180(64.5) 42(25.5) <0.001
CAD, n (%) 31(11.1) 8(4.8) 0.024
CHF, n (%) 4(1.4) 2(1.2) 0.845
CVA, n (%) 45(16.1) 6(3.6) <0.001
ESRD, n (%) 26(9.3) 5(3.0) 0.012

GCS (median, IQR) 15(11–15) 14(8–15) 0.079
1–8 54(19.4) 45(27.3) 0.053

9–12 36(12.9) 19(11.5) 0.668
13–15 189(67.7) 101(61.2) 0.162

Coagulopathy, n (%) 20(7.2) 13(7.9) 0.852
ISS (median, IQR) 16(16–20) 16(16–24) 0.434

Hematoma volume (mL) 39.0 ± 35.7 34.7 ± 30.8 0.199
Surgery, n (%) 69(24.7) 55(33.3) 0.063

Reoperation, n (%) 19(6.8) 16(9.7) 0.362
LOS in hospital (days) 12.4 ± 13.0 13.7 ± 13.5 0.321

ICU, n (%) 228(81.7) 129(78.2) 0.364
Mortality, n (%) 49(17.6) 19(11.5) 0.087

CAD = coronary artery disease; CHF = congestive heart failure; CI = Confidence interval; CVA = cerebral
vascular accident; DM = diabetes mellitus; ESRD = end-stage renal disease; GCS = Glasgow Coma Scale;
HTN = hypertension; ICU = Intensive care unit; IQR = Interquartile range; ISS = Injury Severity Score; LOS =
Length of stay; OR = Odds ratio.
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3.2. Patient Outcomes

There was no difference in the rates of surgery (24.7% vs. 33.3%, respectively; p = 0.063) or
reoperation (6.8% vs. 9.7%, respectively; p = 0.362) performed, LOS in the hospital (12.4 days vs.
13.7 days, respectively; p = 0.321) and rates of admission to the ICU (81.7% vs. 78.2%, respectively;
p = 0.364) between the elderly and young adults. The elderly did not have a higher rate of mortality
(OR 1.6, 95% CI: 0.93–2.89; p = 0.087) compared to young adults. However, after adjusting for gender
and pre-existing comorbidities, elderly patients had a 4.0-fold higher odds ratio for mortality (95% CI,
1.06–15.45; p = 0.041) than young adults.

3.3. Risk Factors for Mortality

As shown in Table 2, the univariate logistic regression analysis demonstrated that pre-existing
CAD, ESRD, hematoma volume, ISS and coagulopathy were significant risk factors for mortality
in elderly patients with acute traumatic SDH resulting from a fall. In contrast, a non-isolated SDH
(OR 0.9, 95% CI 0.54–1.55, p = 0.735) was not a significant risk factor for mortality. Pre-existing CAD
(OR 3.2, 95% CI 1.09–9.69, p = 0.035), ESRD (OR 4.6, 95% CI 1.48–14.13, p = 0.008), hematoma volume
(OR 1.2, 95% CI 1.11–1.36, p < 0.001), ISS (OR 1.3, 95% CI 1.23–1.46, p < 0.001) and coagulopathy
(OR 4.0, 95% CI 1.47–11.05, p = 0.007) were all significant independent risk factors for mortality in
patients with acute traumatic SDH resulting from a fall.

Table 2. Risk factors influencing mortality in adult patients who sustained a subdural hemorrhage in a
fall, analyzed using univariate and multivariate logistic regression.

Univariate Analysis Multivariate Analysis

OR (95% CI) p OR (95% CI) p

Gender (male) 0.9(0.55–1.61) 0.825 — —
Comorbidities

DM 0.8(0.44–1.47) 0.481 — —
HTN 0.7(0.42–1.19) 0.189 — —
CAD 2.4(1.13–5.09) 0.023 3.2(1.09–9.69) 0.035
CHF — 0.999 — —
CVA 0.6(0.22–1.49) 0.251 — —
ESRD 2.9(1.31–6.50) 0.009 4.6(1.48–14.13) 0.008

Not an isolated SDH 1.1(0.65–1.85) 0.735 —
Hematoma volume (mL) 1.4(1.26–1.49) <0.001 1.2(1.11–1.36) <0.001

ISS 1.4(1.31–1.52) <0.001 1.3(1.23–1.46) <0.001
Coagulopathy 5.6(2.68–11.84) <0.001 4.0(1.47–11.05) 0.007

Surgery 1.2(0.68–2.08) 0.555 —
Reoperation 0.9(0.34–2.45) 0.860 —

CAD = coronary artery disease; CHF = congestive heart failure; CI = Confidence interval; CVA = cerebral vascular
accident; DM = diabetes mellitus; ESRD = end-stage renal disease; HTN = hypertension; IQR = Interquartile range;
OR = Odds ratio.

4. Discussion

In this study, we demonstrate that, after falling, the risk of mortality in elderly patients is four-fold
higher than in young adults, when gender and pre-existing comorbidities are taken into accounts. Older
age has long been recognized to predict further deterioration [23] and is independently associated
with mortality [4] in patients with traumatic brain injuries. In this study, it is not surprising that
age was related to a poor outcome in patients with acute traumatic SDH [24]. Previous studies have
reported that elderly patients have worse outcomes than those under the age of 65, when undergoing
conservative management [25] or surgical treatment for acute traumatic SDH [26].

Multiple factors have been reported to influence mortality in patients with traumatic acute SDH [19,
27]. Patients admitted for SDH often use antiplatelet medication, implying a causal relationship
between coagulopathy and this disease [28,29]. In patients with acute SDH, coagulopathy was
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independently associated with increased in-hospital mortality [30,31]. In a study of 248 patients
with acute SDH admitted to the ICU, coagulopathy (OR 2.7, 95% CI 1.1–7.1, p = 0.037) was recognized
as an independent predictor of in-hospital mortality [30]. In this study, we identified pre-existing
CAD, ESRD, hematoma volume and coagulopathy as significant independent risk factors for mortality
in patients with acute traumatic SDH. These first three variables may all be connected with the
coagulopathy status of the patients.

Cardiovascular clinical trials have demonstrated that antiplatelet therapy has a major clinical
benefit. Antiplatelet therapy is routinely prescribed in the secondary prevention of cardiovascular
disease. Aspirin is recommended as a safe antiplatelet therapy, with the incidence of SDH being
0.02/1000 patient years in 90,689 participants [32], and there was no increase in absolute risk of SDH
in patients on dual antiplatelet therapy with Aspirin and Clopidogrel [33]. However, clinical trials
have reported major bleeding in 1–10% of all patients on antiplatelet therapy and this therapy is
associated with significant morbidity and mortality of patients [34]. Following a trauma, the outcome
of an acute SDH seems to be worse in elderly patients who used antithrombotic medication prior
to injury [31]. Furthermore, the routine use of anticoagulants with heparin during hemodialysis
sessions may exaggerate bleeding diathesis. It had been estimated that patients with ESRD and
hemodialysis treatment are at nearly 4 times higher risk of SDH than study participants without
kidney disease [35]. In the multivariate model for death, mortality was significantly associated with
the presence of coagulopathy and dialysis [36]. Increased postoperative mortality was associated with
dialysis (relative risk (RR) = 1.93, p = 0.034) and bleeding disorders (RR = 1.87, p = 0.003) in a study of
746 patients receiving surgical procedures for SDH [36]. In a study of 13,962 patients with a GCS of
less than 15, the odds ratio for mortality following a large SDH, compared to those who had a small
SDH was 3.41 (95% CI: 2.68–4.33) [15]. In contrast, the patients with isolated SDH were at a lower risk
of death if they were not prescribed Warfarin or Clopidogrel [37].

As demonstrated in this study, the anatomical classifications of trauma such as ISS are
well-established predictors of outcome in patients with a traumatic brain injury [2]. In a national
sample of 92,030 patients who presented with SDH, an association between bony and internal organ
injuries with SDH was found [4], skull fractures being the most commonly associated with SDH
(19.0%), followed by spinal injuries (7.1%) and upper extremity fractures (6.8%) [4]. Mortality is
increased in SDH patients with other associated injuries [4] who may have a higher ISS. In addition,
the severity of brain injury can be assessed using the abbreviated injury scale (AIS), which is the
fundamental score for the calculation of ISS, as the ISS score is equal to the sum of the square of
three higher AIS scores in different regions of the body. If the brain was injured more severely or
had accumulated more blood, the expected result would be an increased head AIS score, leading to a
higher ISS. The mortality rate of participants with head AIS values of 3, 4, and 5 was 1.9%, 2.9%, and
31.1%, respectively [38]. It had been reported that the outcomes of patients with acute traumatic SDH
are related to intracranial lesions [24]. The mortality rates of associated intracranial lesions were 91%
for intracerebral hematoma, 87% for subarachnoid hemorrhage and 75% for contusions [25]. However,
in this study, non-isolated SDH (OR 0.9, 95% CI 0.54–1.55, p = 0.735) was not a significant risk factor for
mortality. This contradictory outcome was attributed to the fact that many severely injured patients
with an isolated SDH had a large hemorrhage and therefore a high head AIS score.

Several factors have been previously reported to be associated with a poor prognosis in
patients with acute SDH. These include a low baseline GCS score, pupillary abnormalities, elevated
intraoperative intracranial pressure, and a large degree of midline shift revealed on CT imaging [26].
In this study, we only focus on those elderly patients with acute SDH resulting from a fall. All of
the variables mentioned above may have some interaction with the variables investigated in this
study, and some variables (i.e., pupillary reflex and intracranial pressure) were not registered in the
trauma database. Therefore, in this study, we did not explore the contribution those variables may
have made to mortality. Some bias may therefore exist in the interpretation of the results from this
study. In addition, there were other limitations to this study. First, there may be a selection bias
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due to the retrospective design of the study. The exclusion of patients without having a brain CT
image or because of unavailable CT information from the study may lead to a selection bias. Second,
the patients that were declared dead upon arrival at the emergency room or at the scene of the accident
were not included in the registered database, which may lead to a selection bias in the evaluation
of mortality outcomes. Third, acute traumatic SDH has been traditionally considered a lesion that
should be treated surgically; however, surgery for acute SDH is more controversial in elderly patients
because postoperative mortality rates are reported to be high [31]. Although there is an increased
use of end of life directives palliative care in the elderly than the young adult [39], in this study,
we can only assume that the indications for surgery and the quality of surgery did not differ between
elderly patients and young adults. Such an assumption may result in a bias in the assessment of
mortality outcomes. Fourth, there is some evidence that bleeding could continue in the 24 to 48 h after
head injury [40,41], and SDH has been associated with hemorrhagic progression of contusions [42].
However, the hematoma volume calculated in this study was based on the first CT images acquired
at the emergency room or from the hospital that the patient was transferred from. Therefore, these
results may not reflect a possible frequent dynamic change of the hematoma volume during the
treatment course of this illness. Furthermore, the hematoma, ISS, and coagulopathy identified from
the multivariate model may be highly related to each other variable. These interactions would lead
to a limitation in the statistical analysis, since one of the presumptions in the multivariate regression
is that all studied variables are independent of each other. Lastly, the real coagulopathy status of
the patients was not validated in this study; thus, the association between coagulopathy and those
identified independent risk factors are merely suggestive.

5. Conclusions

In this study, we identified that pre-existing CAD, ESRD, hematoma volume, ISS and coagulopathy
were significant independent risk factors for mortality in patients with acute traumatic SDH. These
results suggest that death following acute SDH is influenced by both the extent of neurological damage
and the overall health of the patient at the time of injury.
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Abstract: Background: This study aimed to profile the epidemiology of injury among preschool-aged 
and school-aged children in comparison to those in adults. Methods: According to the Trauma Registry 
System of a level I trauma center, the medical data were retrieved from 938 preschool-aged children
(aged less than seven years), 670 school-aged children (aged 7–12 years), and 16,800 adults (aged 
20–64 years) between 1 January 2009 and 31 December 2016. Two-sided Pearson’s, chi-squared, 
and Fisher’s exact tests were used to compare categorical data. A one-way analysis of variance
(ANOVA) with the Games-Howell post-hoc test was used to assess the differences in continuous 
variables among different groups of patients. The mortality outcomes of different subgroups were 
assessed by a multivariable regression model under the adjustment of sex, injury mechanisms, and 
injury severity. Results: The injury mechanisms in preschool-aged and school-aged children  
were remarkably different from that in adults; in preschool-aged children, burns were the most 
common cause of injury requiring hospitalization (37.4%), followed by falls (35.1%) and being 
struck by/against objects (11.6%). In school-aged children, injuries were most commonly sustained 
from falls (47.8%), followed by bicycle accidents (14%) and being struck by/against objects (12.5%). 
Compared to adults, there was no significant difference of the adjusted mortality of the preschool-aged 
children (AOR = 0.9; 95% CI 0.38–2.12; p = 0.792) but there were lower adjusted odds of mortality 
of the school-aged children (AOR = 0.4; 95% CI 0.10–0.85; p = 0.039). The school-aged children 
had lower odds of mortality than adults (OR, 0.2; 95% CI, 0.06–0.74; p = 0.012), but such lower 
odds of risk of mortality were not found in preschool-aged children (OR, 0.7; 95% CI, 0.29–1.81;
p = 0.646). Conclusions: This study suggests that specific types of injuries from different injury 
mechanisms are predominant among preschool-aged and school-aged children. The school-aged 
children had lower odds of mortality than adults; nonetheless there was no difference in mortality 
rates of preschool-aged children than adults, with or without controlling for sex, injury mechanisms 
and ISS. These results highlight the importance of injury prevention, particularly for preschool-aged 
children in Southern Taiwan.
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1. Introduction

This study showed that one in four children in the United States will sustain an unintentional
injury requiring emergency treatment [1,2], leading to over 8.7 million hospital visits each year [3,4].
In addition, trauma is the leading cause of mortality and acquired disability in children [5–7],
causing 12,000 injury-related deaths [8] and accounting for 34% of all child mortality annually in
the United States [9]. However, compared to adults, children had lower reported trauma-related
mortality rates in the United States: The fatalities were 12.69, 3.69 and 3.7 per 100,000 persons in
pediatric population aged 0–4 years, 5–9 years and 10–14 years respectively; compared to 45.30
fatalities per 100,000 persons in adults aged 20–64 years [9].

Compared with adults, children present different patterns of injury [10]. The pattern and
circumstances of injuries change as children progress with age [11]. Obviously, the etiology of
injuries is complex; it differs from children to adults and even from country to country. Furthermore,
the physiological responses [12,13] and capacity to thrive [14] might be different in children and adults.
Therefore, to reduce the injury to children, it is important to understand the associated injury patterns
and outcomes for children [15]. However, in Taiwan, most of previous studies on children injury
focus on trauma due to specific etiology such as child abuse [16,17], burns [18] or head injuries [16,19].
Therefore, to explore the epidemiological profile of child injury under the hypothesis that the children
would have a lower mortality rate than adults in Taiwan, the first objective of this study was to
systematically examine the rates of child injury among preschool-aged and school-aged children
compared to those of adults. The secondary objective was to investigate whether preschool-aged and
school-aged children had a better expected mortality outcome than adults, in the absence or presence
of adjusting potential confounders including sex, injury mechanism, and injury severity. This article
focused on trauma of children and did not include the teenagers, who are at high risk for experiencing
traumatic events and respond differently to injury [20]. In this goal, the mortality rate would be
measured as the primary outcome.

2. Methods

2.1. Ethical Statement

The retrospective study was performed after receiving approval from the institutional review
board (IRB) of Chang Gung Memorial Hospital (approval number: 201701671B0). Informed consent
requirements were waived according to the regulations of IRB. All analyses were conducted using
de-identified secondary data, with no means to link the information to individual respondents.

2.2. Study Design

In this study, patients were stratified as preschool-aged children (aged less than 7 years),
school-aged children (aged 7–12 years), and adults (aged 20–64 years). Out of the 27,462 hospitalized
patients enrolled in the Trauma Registry System from 1 January 2009 to 31 December 2016 for all-causes
of trauma, 938 were preschool-aged children, 670 were school-aged children, and 16,800 were adults;
the 325 adult patients who had incomplete registered data were excluded (Figure 1). We retrieved the
detailed patient information from the registry database, including age, trauma mechanism, helmet use,
initial Glasgow Coma Scale (GCS) score upon arrival at the emergency department, Injury Severity
Score (ISS), Abbreviated Injury Scale (AIS) score in each body region, rates of sustained injuries in
each body region, and in-hospital mortality [21,22]. The AIS is an anatomically based measurement
of injury severity to rank specific injuries as minor (1), moderate (2), serious (3), severe (4), critical
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(5), and unsurvivable (6). The ISS was created based on the AIS severity values using the sum of the
squares of the severity digit in the AIS of most severe injuries in three of six body regions [23].
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Figure 1. Flow chart of the distribution of the studied population into preschool-aged children,
school-aged children, and adults.

2.3. Statistical Analysis

The ISS is expressed as the median and interquartile range (IQR, Q1–Q3). The obtained data were
compared using the IBM SPSS Statistics for Windows version 22.0 (IBM Corp., Armonk, NY, USA).
Categorical data were compared using either a chi-squared test or a two-sided Fisher’s exact test.
The odds ratios (ORs) of the associated conditions and bone fractures of the patients were calculated
with 95% confidence intervals (CIs). The homogeneity of variance of the continuous data was initially
estimated using Levene’s test, then a one-way analysis of variance (ANOVA) with the Games-Howell
post-hoc test was used to assess the differences of continuous variables among different groups of
patients. The continuous data were expressed as mean ± standard deviation. The difference in ISS
distribution among different subgroups of patients was analyzed using Kruskal-Wallis nonparametric
test. The ISS was expressed as the median and interquartile range (IQR, Q1–Q3). The adjusted odds
ratios (AORs) and 95% CIs for mortality were calculated by using a multivariable regression model
adjusted for sex, trauma mechanisms, and ISS. The mortality outcomes were assessed by a binary
logistic regression. The mortality outcomes in different subgroups were assessed with a multivariable
regression model adjusted for sex, injury mechanisms, and injury severity. p-values < 0.05 were
considered statistically significant.

3. Results

3.1. Injury Characteristics and Severity of the Patients

As shown in Table 1, there was no significant difference in sex predominance between
preschool-aged, school-aged children and adults. The injury mechanisms in preschool-aged and
school-aged children were different from those in adults; in preschool-aged children, burns were
the most common cause of injury requiring hospitalization (37.4%), followed by falls (35.1%) and
being struck by/against an object (11.6%). In school-aged children, injuries were most commonly
sustained from falls, followed by bicycle accidents (14%) and being struck by/against an object (12.5%).
Motorcycle accidents occurred more frequently in adults and comprised around half of the admitted
patients. Injuries such as injuries from motorcycle pillion accidents, injuries due to falls, and burn
injuries were significantly higher in both preschool-aged and school-aged children than adult patients.
The helmet use was significantly associated with a lower odds of head injury, defined by head AIS ≥2,
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in school-aged children (OR 0.1; 95% CI 0.02–0.37; p < 0.001) but not in preschool-aged children (OR 0.7;
95% CI 0.21–2.31; p = 0.768) (Supplementary Materials Table S1). The percentage of preschool-aged
children, but no school-aged children, sustaining pedestrian and bite-related injuries is higher than
that of adults (Table 1).

Most of the patients had a GCS score of ≥13 and fewer had a GCS score of ≤8. The GCS
scores in preschool-aged and school-aged children were significantly lower than those of adults,
notwithstanding that the GCS score difference between these groups was less than one point (Table 2).
The AIS analysis revealed that preschool-aged and school-aged children had lower rates of injuries
in each body region than adults; however, preschool-aged children had higher rates of external
injuries, predominantly burns, than adults. Moreover, preschool-aged and school-aged children had a
significantly lower ISS compared with adults (Table 2). When stratified using ISS (<16, 16–24 or ≥25),
fewer preschool-aged and school-aged children had an ISS of ≥25 and 16–24, respectively, and more
had an ISS of <16 than adults (Table 1).

As regards associated injuries, preschool-aged and school-aged children had lower odds of
different injuries in the six main body regions (Supplementary Materials Tables S2 and S3). On the
other hand, there was a 4.4-fold (95% CI, 3.70–5.25; p < 0.001) and 4.1-fold (95% CI, 3.35–5.07; p < 0.001)
increase in the odds of humeral fracture among preschool-aged and school-aged children respectively
(Table 3). Compared with adults, preschool-aged children had a lower odds of radial fracture (OR,
0.4; 95% CI, 0.30–0.55; p < 0.001) and ulnar fracture (OR, 0.7; 95% CI, 0.47–0.96; p = 0.032), whereas
school-aged children had a higher odds of radial fracture (OR, 3.2; 95% CI, 2.68–3.81; p < 0.001) and
ulnar fracture (OR, 3.2; 95% CI, 2.59–4.05; p < 0.001).

3.2. Patient Outcomes and Associated Injuries

As shown in Table 4, the mortality rates between preschool-aged children and adults were
not significantly different. By contrast, the mortality odds ratio in school-aged children was lower
than that in adults (OR, 0.3; 95% CI, 0.09–0.92; p = 0.031). Further, compared to adults, there was
no significant difference in the adjusted mortality of the preschool-aged children (AOR = 0.9; 95%
CI 0.38–2.12; p = 0.792) but lower adjusted odds of mortality of the school-aged children (AOR = 0.4;
95% CI 0.10–0.85; p = 0.039). Notably, in this study, although there was a higher occurrence of burn
injuries in preschool-aged children (37.4%, n = 351) than school-aged children (11.3%, n = 76) and adults
(3.4%, n = 570), the mortality of preschool-aged children (0.6%, n = 2) with a burn was significantly
lower (OR = 0.3; 95% CI 0.05–1.01; p = 0.037) than that of adults (2.5%, n = 14) and the mortality
rates of school-aged children (3.9%, n = 3) and adults were not significantly different (OR = 1.6; 95%
CI 0.46–5.82; p = 0.708). Therefore, the unexpectedly high mortality rates of preschool-aged children
cannot be explained by the higher proportion of burn injuries in preschool-aged patients.
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Table 1. Injury characteristics of categorical variables in preschool-aged children, school-aged children, and adults.

Variables Preschool-Aged Child n = 938 School-Aged Child n = 670 Adult n = 16,800 P
Preschool-Aged Child vs. Adult

P
Preschool-Aged Child vs. Adult

Sex, n (%) 0.084 0.351

Male 554 (59.1) 427 (63.7) 10,399 (61.9)
Female 384 (40.9) 243 (36.3) 6401 (38.1)

Mechanisms, n (%)

Driver (motor vehicle) 0 (0.0) 0 (0.0) 328 (2.0) <0.001 <0.001
Passenger (motor vehicle) 7 (0.7) 8 (1.2) 166 (1.0) 0.505 0.690

Driver (motorcycle) 0 (0.0) 3 (0.4) 8012 (47.7) <0.001 <0.001
Pillion (motorcycle) 63 (6.7) 64 (9.6) 358 (2.1) <0.001 <0.001

Bicyclist 28 (3.0) 94 (14.0) 435 (2.6) 0.460 <0.001
Pedestrian 36 (3.8) 16 (2.4) 252 (1.5) <0.001 0.076

Fall 329 (35.1) 320 (47.8) 3388 (20.2) <0.001 <0.001
Struck by/against 109 (11.6) 84 (12.5) 3202 (19.1) <0.001 <0.001

Bite 15 (1.6) 5 (0.7) 89 (0.5) <0.001 0.588
Burn 351 (37.4) 76 (11.3) 570 (3.4) <0.001 <0.001

GCS, n (%)

≤8 19 (2.0) 10 (1.5) 722 (4.3) 0.001 <0.001
9–12 12 (1.3) 12 (1.8) 523 (3.1) 0.002 0.051
≥13 907 (96.7) 648 (96.7) 15,555 (92.6) <0.001 <0.001

AIS n (%)

Head/Neck 156 (16.6) 95 (14.2) 3870 (23.0) <0.001 <0.001
Face 76 (8.1) 69 (10.3) 2926 (17.4) <0.001 <0.001

Thorax 12 (1.3) 8 (1.2) 2160 (12.9) <0.001 <0.001
Abdomen 30 (3.2) 26 (3.9) 1104 (6.6) <0.001 0.006
Extremity 390 (41.6) 453 (67.6) 12,043 (71.7) <0.001 0.023
External 387 (41.3) 97 (14.5) 2454 (14.6) <0.001 0.956

ISS

<16 875 (93.3) 623 (93.0) 14,440 (86.0) <0.001 <0.001
16–24 46 (4.9) 40 (6.0) 1598 (9.5) <0.001 0.002
≥25 17 (1.8) 7 (1.0) 762 (4.5) <0.001 <0.001

AIS = Abbreviated Injury Scale; CI = Confidence Interval; GCS = Glasgow Coma Scale; ISS = injury severity score; IQR = Interquartile Range.
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Table 2. Injury characteristics and outcomes of continuous variables in preschool-aged children, school-aged children, and adults.

Preschool-Aged Child n = 938 School-Aged Child n = 670 Adult n = 16,800 ANOVA
P Comparison between Mean Difference Post-hoc P

GCS 14.73 ± 1.46 14.76 ± 1.29 14.40 ± 2.10 <0.001 Preschool-aged child School-aged child −0.03 0.925
adult 0.33 <0.001

School-aged child Adult 0.36 <0.001

Preschool-Aged Child n = 938 school-Aged Child n = 670 Adult n = 16,800 Kruskal-Wallis
P Median Difference Post-hoc P

ISS 4 (1–4) 4 (4–9) 5 (4–9) <0.001 Preschool-aged child School-aged child 0 <0.001
Adult −1 <0.001

School-aged child Adult −1 <0.001

GCS = Glasgow coma scale; ISS = injury severity score.

Table 3. Associated injuries with higher odds of incidence among preschool-aged and school-aged children than in adults.

Variables Preschool-Aged Child School-Aged Child Adult OR (95% CI) P OR (95% CI) P

n = 938 n = 670 n = 16,800 Preschool-Aged Child vs. Adult School-Aged Child vs. Adult

Humeral fracture 182 (19.4) 123 (18.4) 870 (5.2) 4.4 (3.70–5.25) <0.001 4.1 (3.35–5.07) <0.001
Radial fracture 44 (4.7) 187 (27.9) 1814 (10.8) 0.4 (0.30–0.55) <0.001 3.2 (2.68–3.81) <0.001
Ulnar fracture 33 (3.5) 100 (14.9) 864 (5.1) 0.7 (0.47–0.96) 0.032 3.2 (2.59–4.05) <0.001

Table 4. Outcomes of categorical variables in preschool-aged children, school-aged children, and adults.

Variables Preschool-Aged Child n = 938 School-Aged Child n = 670 Adult n = 16,800 OR (95% CI) P
Preschool-Aged Child vs. Adult

OR (95% CI) P
School-Aged Child vs. Adult

Mortality, n (%) 8 (0.9) 3 (0.4) 254 (1.5) 0.6 (0.28–1.14) 0.124 0.3 (0.09–0.92) 0.031
Adjusted
mortality 0.9 (0.38–2.12) 0.792 0.4 (0.10–0.85) 0.039

CI = Confidence Interval; IQR = Interquartile Range; OR = odds ratio.
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4. Discussion

Findings of this study are in accordance with literature that suggests there are certain types of
injuries that are common in specific child age group. In a study on 2.4 million pediatric traumatic
injury cases in the US from 2000–2011, motorcycle accidents were the most common mechanism of
traumatic injuries for all age groups [24]. In children less than 5 years old, burns and abuse were the
second and third most common causes of severe traumatic injury. In children aged 5–9 years, falls
and animal bites were the second and third most common causes of injuries. Sports were the second
most common cause of injury in children aged 10–14 years [24]. This study also found the changing
patterns of injuries with age. Burns were the most common injury in preschool-aged children, followed
by falls and being struck by/against objects. In school-aged children, falls were the most commonly
sustained injury, followed by bicycle accidents, and being struck by/against objects. In addition,
injuries as a motorcycle pillion, injuries due to falls, and burn injuries were significantly higher in both
preschool-aged and school-aged children than in adult patients. The percentage of preschool-aged
children sustaining pedestrian and bite-related injuries is significantly higher than that of adults, but
for school-aged children the percentage is not significantly higher than that of adults. Furthermore,
bicycle injuries were significantly higher, particularly in school-aged children.

Regarding the associated injuries, this study revealed that preschool-aged and school-aged
children had higher odds of humeral fracture than adults. In addition, school-aged children had higher
odds of radial fracture and ulnar fracture. The incidence of fractures in children is two times higher
than that in adults [25]. From birth until the age of 12 years, all major series have demonstrated a linear
increase in the incidence of fractures by age [25,26]. The difference in the rates of fractures occurs at a
certain age when behaviors change, and the boys tend to develop a more aggressive and risk-taking
behavior [25]. In this study, the incidence of fractures in the upper limbs were three-folds higher than
that in the lower limbs. This finding is higher than that reported in a previous study conducted in a
Taiwanese cohort, which reported that the rates of upper limb injuries were two times higher than those
of lower limb injuries [27]. Upper extremity fractures were prevalent among children where shock
was absorbed in the upper limb after falling from a climbing equipment or slide [28,29]. Rennie et al.
had reported that fracture of the distal radius (15.3%) are the most frequent single fractures that occur
among children, followed by finger fractures (14%), radial and ulnar fractures (8%), distal humerus
fractures (7.2%), and clavicle fractures (6.8%) [2].

Previous studies reported that mortality in the pediatric population in all age groups were
significantly lower than that in adults [9]. In this study, the odds of mortality in school-aged children
was lower than that in adults, but there was no difference in mortality rates between preschool-aged
children and adults, either in the presence or absence of controlling for sex, injury mechanisms, and ISS.
However, the reason behind the failure to reduction in the odds of mortality among preschool-aged
children remains unclear and should raise alarm. In this study, the incidence of other commonly
sustained injuries with an associated mortality, including hemothorax or pneumothorax, hepatic injury,
and pelvic fracture, was significantly lower in preschool-aged child than in adults. In particular,
the incidence of TBI, including neurologic deficit, subdural hemorrhage, subarachnoid hemorrhage,
intracerebral hematoma and cerebral contusion in preschool-aged children was even lower than that
in adults.

Although majority of childhood head injuries are minor, approximately 5% of these injuries can
cause mortality or lead to intracranial complications [30]. In a study conducted in 216 participating
hospitals, intracranial injury or skull fracture occurred in one out of ten children, with the overall
mortality being 0.4%, and these injuries were predominant among victims of motor vehicle accidents
or abusive head trauma [31]. Unlike those studies conducted in Western countries, the occurrence
of motor vehicle accidents were much lower in Taiwan. In this study, only 0.7% and 1.2% of
preschool-aged and school-age child respectively had sustained injuries as a passenger in the motor
vehicle accidents. In Taiwan, nearly 60% of all trauma injuries and driving fatalities involving
motorcycle accidents [32]. It had been reported that, in Taiwan, the mortality rate of motorcyclists
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using helmets was significantly lower than those not using helmets (1.1% vs. 4.2%, respectively; OR,
0.2; 95% CI, 0.17–0.37; p < 0.001) [33]. However, in this study, the rates of injuries as a motorcycle pillion
in both preschool-aged and school-aged children were higher than that in adult patients. Besides,
helmet use was significantly associated with lower odds of head injury in school-aged children (OR 0.1;
95% CI 0.02–0.37; p < 0.001) but not in preschool-aged children (OR 0.7; 95% CI 0.21–2.31; p = 0.768).
Whether the failure to protect a fatal head injury in preschool-aged child is attributable to a mismatch
between the sizes of helmets and their heads requires further investigation to confirm. However,
the implementation of more effective methods to reduce motorcycle accidents and the strict use of a
protective helmets in motorcycle pillions in accordance with the traffic laws may be effective to reduce
the occurrence of head injury and its associated mortality.

This study also revealed that preschool-aged children are at heightened risk for pedestrian injuries
than adults. Interventions such as modification of the road environment [34], implementation of a
higher number of student crossings, a wider road width, the presence of crosswalks, student-friendly
facilities at the intersection, and four-way intersections [35] may help to reduce the pedestrian crashes.
For example, the implementation of the Safe Routes to School (SRTS) program in New York City has
contributed to a substantial 44% reduction in pedestrian injuries among school-aged children [36].

This study had several limitations. First, although the cutoff value for preschool-aged vs.
school-aged children was chosen based on the situation in Taiwan, the profile of childhood injury
may change greatly over the first three or four years of life. Therefore, grouping the first seven years
together for analysis may have lead to a selection bias. Second, an inherent selection bias already
existed because of the retrospective study design, particularly when considering the circumstances of
injuries, the impact force of each injury, and the pre-existing comorbidities that were left unrecorded
(although the incidence of these comorbidities is expected to be much lower in children than that
in adults). Third, this study focused on hospitalized pediatric patients only; however, many minor
injuries sustained at certain sites are manageable and do not require hospital admissions, which may
lead to underestimation on the incidence of associated illness, particularly the fractures, burns, or dog
bite injuries, and may result in a selection bias. Fourth, these data systems do not capture important
non-fatal outcomes, such as functional status or quality of life outcomes. Considering the difference
of the remaining lifespan in the pediatric and adult victims, it is important to evaluate the burden
of trauma in the lives of pediatric patients. Fifth, the number of preschool-aged and school-aged
children with fatal injuries was lower than that of adults, which may result in a potential source of
methodological bias in the assessment. Finally, the study was conducted only in patients admitted in a
level I trauma center; whether children received suboptimal prehospital care compared to the adults at
a level I trauma center and not at a pediatric trauma center would raise further debate; so the results of
this study remained inconclusive [37–39].

5. Conclusions

This study suggests that preschool-aged and school-aged children dominate specific types of
injuries from different injury mechanisms. The school-aged children had lower odds of mortality
than adults. However, such reduction in mortality was not seen in the preschool-aged children
compared to adults, either in the presence or absence of controlling for sex, injury mechanisms, and ISS.
These results highlighted the importance of injury prevention particularly in the preschool-aged
children in Southern Taiwan.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/15/5/858/s1.
Table S1: The association of head injury and helmet use in the motorcycle pillion of preschool-aged and school-aged
children; Table S2: Associated injuries in the six main body regions; Table S3: Comparison of associated injuries in
the six main body regions.
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INTRODUCTION 

 
Terminally ill patients frequently present to emergency 

departments (EDs) for symptom control or life 

prolongation.[1,2] The use of aggressive interventions, for 

example, cardiopulmonary resuscitation  (CPR), may be  

a life‑saving intervention for some patients; however, it 

may be futile in other patients with irreversible clinical 

progress, leading to unnecessary suffering for the patient 

and their family.[3] According to the relevant provisions of 

the Palliative Care Act, unnecessary resuscitation should 

be withheld and withdrawn from terminally ill patients 

with diseases diagnosed by a physician as incurable 

with inevitable progress to death in the short term (i.e., 

survival duration not exceeding 6 months).[4,5] Under such 

circumstances, physicians  in  the  ED  may recommend 
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Abstract Background: This study aimed to profile the clinical pictures and identify the risk factors of mortality among 
terminally ill patients who visited the emergency department (ED) and had signed do-not-resuscitate (DNR) 
consents. 

Methods: This prospective study employed purposeful sampling of 200 adult, nontrauma, terminally 
ill patients who visited the ED and signed a DNR consent between July 1, 2011, and March 31, 2012. 
Physiological variables were compared between fatal and survival patients using Student’s t-tests after 
assessing the normality of the data distribution. 

Results: The Cox proportional regression analysis revealed that patients taking antiarrhythmic drugs and 
vasopressor had a 47.6-fold and 2.8-fold higher mortality, respectively, compared to nonusers and those 
who had a respiratory rate ≥28 breaths/min showed a 2.8‑fold increase in their risk of death compared to 
those with a respiratory rate <28 breaths/min. 

Conclusions: Among terminally ill patients who had signed a DNR consent at the ED, significantly higher 
hazard ratios of mortality were observed in patients who were on antiarrhythmic drugs or vasopressor, 
had respiratory rates ≥28 breaths/min, had been intubated, and had serum potassium levels ≥ 4.5 mEq/L. 

Keywords: Do-not-resuscitate, mortality, terminally ill patients 

Access this article online 
Quick Response Code:  

Website: 

www.e‑fjs.org 
 

 

 
DOI: 

10.4103/fjs.fjs_1_18 

 

 
 

mailto:m93chinghua@gmail.com
mailto:reprints@medknow.com


 
 

 
 

 
 

Su, et al.: Mortality in patients with DNR 

that terminally ill patients or their family members sign a 

do‑not‑resuscitate (DNR) consent to avoid unnecessary 

medical treatment. Some terminally ill patients agree to sign 

a DNR consent, but others may request invasive treatment 

for maintenance of vital signs.[6‑8] 

 

The decision to recommend or sign a DNR consent for 

physicians and terminally ill patients, respectively, is difficult 

but very important. However, even physicians have not 

reached a consensus regarding this issue as variable clinical 

situations such as older age, unstable vital signs, mental 

confusion, comorbidities, low cardiac output, organ failure, 

and bedridden condition have been considered for the 

recommendation of DNR consent.[3,8] Undoubtedly, the 

mortality outcome is the most important consideration in 

the evaluation and the decision to sign a DNR consent.[9] 

In the clinical setting, DNR may be interpreted by the 

surrogates in a wide range from “do not perform CPR in 

the event of cardiac arrest” to “do not treat this patient 

aggressively if they deteriorate.”[10] As such, no all the 

patients with a DNR order are going to be fatal. Therefore, 

the identification of characteristic or physiological 

indicators associated with mortality of terminally ill patients 

is necessary to provide a better reference not only for 

patients who are considering a DNR consent but also for 

physicians providing care for these patients.[11] Therefore, 

this study aimed to profile the clinical pictures and identify 

the risk factors of mortality among terminally ill patients 

visiting the ED who also signed a DNR consent. 

METHODS 

 

Study design and ethics statement 

This was a prospective study that employed purposeful 

sampling of the characteristics and outcomes of 

nontrauma adult patients who visited the ED and had 

signed a DNR consent. This study was preapproved by the 

Institutional Review Board of the Chang Gung Memorial 

Hospital (approval number 99‑3105B). Informed consent 

was obtained before conducting interviews and collecting 

data, and full understanding of the research objective was 

confirmed. The families were informed during the course 

of the study, were allowed to ask questions about the study, 

and could withdraw from the study at any time. 

Study population 

This study was conducted in a 2868‑bed medical center in 

Southern Taiwan that receives approximately 72,000 adult 

nontrauma ED visits annually.[12,13] The physicians first 

assessed probable terminally ill adult patients who visited 

the ED to evaluate their progressive clinical deterioration 

and high risk of  mortality and to confirm their terminally 

ill status. The physicians explained the poor condition to 

the patients’ family members, advising no further aggressive 

medical interventions, and informed them that hospice care 

could be provided. After a face‑to‑face explanation about 

the purpose of this study to the patient and/or patients’ 

families and the confirmation of their understanding, DNR 

consent was obtained and the patients were enrolled in 

the registry system for data collection and follow‑up. The 

exclusion  criteria  included  patients  with  out‑of‑hospital 

cardiac arrest, patients who committed suicide, whose 

DNR consents were signed before the study period and 

had been recorded on their national health insurance 

cards, those who underwent surgery, and those younger 

than 18 years of age. Finally, data from 200 patients who 

had signed a DNR consent were collected between July 1, 

2011, and March 31, 2012. 

Study protocol and measurements 

Patient data were extracted from the electronic medical 

record and ED administrative database. The data collection 

period started from their arrival at the ED to their deaths or 

discharge from the hospital, regardless of the length of the 

hospital stay. These data included sex; age; triage level; vital 

signs; Glasgow coma scale; laboratory blood test results (e.g., 

white blood cell count, red blood cell count, hemoglobin, 

hematocrit, blood urea nitrogen (BUN), serum creatinine, 

serum sodium, and serum potassium levels); laboratory 

urine test results; findings of examinations including 

electrocardiography, echo studies, plain radiological 

images, computed tomography, or other specific imaging 

studies; procedures performed in the ED; and underlying 

diseases (myocardial infarction, congestive heart failure, 

peripheral vascular disease, dementia, cerebrovascular 

disease, chronic lung disease, connective tissue disease, 

ulcer, chronic liver disease, hemiplegia, moderate or severe 

kidney disease, diabetes, diabetic associated complications, 

tumor, leukemia/lymphoma, liver disease, malignancy 

and its metastasis status, and acquired immune deficiency 

syndrome [AIDS]). The prescribed drugs used to treat 

the underlying diseases were also recorded. In addition, 

the Charlson comorbidity index (CCI)[14] scores were also 

recorded. The CCI predicts 1‑year mortality patients with 

comorbid conditions by summing the weighted value for 

different conditions such as heart disease, cancer, and AIDS. 

Two physicians independently reviewed all collected data 

to identify patient characteristics, clinical diagnoses, and 

presentations. Inconsistencies between the physicians were 

resolved following a consensus meeting with a third author. 

Statistical analysis 

The data were compared using IBM SPSS Statistics for 

Windows, version 18.0 (IBM Corp., Armonk, NY, USA). 
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The dead and surviving groups of patients were compared. 

Categorical variables were compared using two‑sided 

Fisher’s exact or Pearson’s Chi‑square tests. Continuous 

variables were expressed as means ±  standard deviations 

and compared using Student’s t‑test after testing for the 

normality of the distribution. Cox proportional regression 

analysis was conducted to identify the continuous or 

categorical indicators that were significantly predictive of 

mortality. P < 0.05 was considered statistically significant. 

RESULTS 

 

Profile of the characteristics of the patients who had 
signed a do‑not‑resuscitate consent 

Among 200 patients who had signed a DNR consent 

and were enrolled in the current study, 114 (57.0%) and 

86 (43.0%) were men and women, respectively [Figure 1]. 

Their average ages were 72.5 ±  14.9 and 78.3 ±  4.2 years, 

respectively. There were 81 (40.5%), 52 (26.0%), 28 (14.0%), 

and 39 (19.5%) patients aged ≥80, 70–79, 60–69, 

and <60 years, respectively. The most common chief 

complaint was dyspnea in 85 patients (42.5%), followed by 

fever and chills in 41 patients (20.5%) and consciousness 

disturbance in 38 patients (19.0%). The most common 

underlying disease was cancer in 101 patients (50.5%), 

followed by organ failure in 48 patients (24%) and 

cerebrovascular accident (CVA) in 44 patients (22%). 

Nearly half of the enrolled patients (48%) had a CCI ≥6 

points and 80 patients (40.0%) had a CCI between 3 and 

5 points. In addition, 99 patients (49.5%) were triaged as 

Level II upon their arrival to the ED, and 51 (25.5%) and 

47 patients (23.7%) were triaged as Level III and Level I, 

respectively. 

Physiological variables of the dead and surviving 
patients 

The average hospital stay among all patients was 

14 ±  22 days, with a median of  19 days.  A  total of  

118 patients died and 82 patients survived during 

their hospital stay [Table 1]. Among the physiological 

variables analyzed, the patients who died were significant 

younger (70.8 ±  16.2 vs. 75.0 ±  12.5 years, respectively;  

P = 0.042) and had a lower temperature (36.6°C ±  1.1°C 

vs. 36.9°C ±  1.0°C, respectively; P = 0.018), higher CCI 

scores (6.1 ±  2.7 vs. 4.8 ±  2.4, respectively; P = 0.001), 

higher potassium levels (4.5 ±  1.2 vs. 4.0 ±  0.7 mEq/L, 

respectively; P < 0.001), higher BUN levels (49.1 ±  42.8 vs. 

30.9 ±  27.4 mg/dL, respectively; P = 0.002), lower serum 
bicarbonate (HCO

3
) levels (21.9 ±  7.7 vs. 25.7 ±  8.2 

mmol/L, respectively; P  =  0.009), and lower   oxygen 

saturation (91.1% ± 15.9% vs. 98.8% ±  5.5%, respectively; 

P = 0.043) compared to those in the patients who survived. 
 

Predictive risk factors of mortality from Cox 
proportional  regression analysis 

As shown in Table 2, the Cox proportional regression 

analysis revealed that patients using antiarrhythmic 

drugs had a 47.6‑fold higher mortality than those 

nonusers (hazard ratio [HR] = 47.6, 95% confidence 

interval [CI] = 5.44–500.00; P = 0.001); those using a  

vasopressor  had  a  2.8‑fold  higher  mortality  than 

nonusers (HR = 2.8, 95% CI = 1.64–4.81; P < 0.001); and 

those with respiratory rates ≥28 breaths/min had a 2.8‑fold 

increased risk of death compared to those with respiratory 

rates <28 breaths/min (HR = 2.8, 95% CI = 1.52–5.18; 

P = 0.001). Patients who had been intubated at the ED had 

 

 
Figure 1: Profile of patients who had signed a do‑not‑resuscitate consent 
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Table 1: Physiological variables of dead and surviving 
patients who had signed a do‑not‑resuscitate consent  

physiological predictors for early and late mortality.[16] In 

critically ill patients, the complexity of  the   temperature 
Variables Death 

(n=118) 
Survival 
(n=82) 

P curve is inversely related to the patient’s clinical status.[17,18] 

Respiratory rate 

(breaths/min) 

22.0±5.3 22.5±4.5 0.444 in  temperature between the patients who died    and 

Pulse rate (beats/min)         99.4±26.3         105.6±26.0           0.103 

Temperature (°C) 36.6±1.1 36.9±1.0 0.018* 

CCI 6.1±2.7 4.8±2.4 0.001* 

WBC (109/L) 14.9±17.9 13.0±7.1  0.368 

Hemoglobin (g/dL) 10.6±2.5 10.6±2.3 0.993 

Hematocrit (%) 32.2±7.4 31.6±7.5 0.526 

Platelets (103/µL) 204.9±128.5       216.7±103.4          0.491 

Sugar (mg/dL) 163.8±140.1         139.2±70.9           0.105 

NA (mEq/L) 132.5±9.6 133.3±8.8 0.549 

K (mEq/L) 4.5±1.2 4.0±0.7 <0.001 

BUN (mg/dL) 49.1±42.8 30.9±27.4 0.002* 

Creatinine (mg/dL) 2.1±2.2 1.7±1.9 0.219 

HCO
3 
(mmol/L) 21.9±7.7 25.7±8.2 0.009* 

Oxygen saturation (%) 91.1±15.9 98.8±5.5 0.043* 

Comparison of physiological variables according to patient outcome. 
*P<0.05. BP: Blood pressure, CCI: Charlson comorbidity index, 

WBC: White blood cells, BUN: Blood urea nitrogen, HCO
3
: Bicarbonate 

 
Table 2: Significant predictive risk factors of mortality from 
Cox‑proportional  regression analysis 

Predictive factors    Comparison     HR      95% CI P       
 

Antiarrhythmic user Yes versus no 47.6 5.44‑500.00 0.001 
Vasopressor user Yes versus no 2.8 1.64‑4.81 <0.001 
Respiratory rate 28 versus 2.8 1.52‑5.18 0.001 
(times/min) <28    
Intubation Yes versus no 2.1 1.05‑4.12 0.035 
Potassium level 4.5 versus 1.6 1.33‑1.96 <0.001 
(mEq/L) <4.5    
Cox proportional regression analysis of patients with signed DNR consents. 
CI: Confidence interval, HR: Hazard ratio, DNR: Do‑not‑resuscitate 

 
a 2.1‑fold increased risk of death relative to nonintubated 

patients (HR = 2.1, 95% CI = 1.05–4.12; P = 0.035). Finally, 

patients with hyperkalemia, defined as serum potassium 

levels exceeding 4.5 mEq/L, had a 1.6‑fold increased risk 

of death compared to patients with normal potassium 

levels (HR = 1.6, 95% CI = 1.33–1.96; P < 0.001). 

DISCUSSION 

 

In this study, the patients who died had significantly 

different physiological variables compared to those of 

patients who survived, including younger age, lower 

temperature, higher CCI points, higher potassium and 

BUN level, and lower HCO
3 
and oxygen saturation. The 

association with older age is in agreement with many 

studies that reported reduced capacity to recover following 

cardiac arrest in the elderly because of lower functional 

reserves and higher prevalence of comorbidities.[15] 

Hypothermia, defined as a temperature ≤35°C, is common 

in critically ill patients and is one of  the most  important 

survived was <0.5°C (36.6°C ±  1.1°C vs. 36.9°C ±  1.0°C, 
respectively; P = 0.018), indicating that this physiological 

variable is less useful for the identification of patients at 

high risk for mortality. The CCI is the most commonly 

used comorbidity index and has good predictive power for 

increased mortality compared with other scales.[19‑22] The 

CCI independently predicts short‑ and long‑term mortality 

in acutely ill hospitalized elderly adults[23] and showed 

good‑to‑excellent discrimination regarding predictions of 

in‑hospital  mortality.[19‑22] 

 

Mild abnormalities in serum potassium levels have also been 

suggested as a marker of disease as severe hyperkalemia 

is a potentially life‑threatening electrolyte imbalance and 

frequently attributed to cardiac dysfunction and increased 

mortality in critically ill patients.[24] Despite appropriate 

and aggressive treatment, the rate of in‑hospital mortality 

among patients with severe hyperkalemia was around 

30%. Azotemia due to dehydration and acute renal failure 

are frequently observed in terminally ill cancer patients.[25] 

BUN is a significant factor of mortality and has been 

used as a marker for malnutrition or cachexia, a physical 

sign of impending death. Multivariate analysis showed 

that BUN, in addition to hypotension and serum levels of 

C‑reactive protein and sodium, was an independent factor 

of 1‑week and 1‑month mortality.[26] Patients with BUN 

levels >40 mg/dL had a higher risk of mortality relative to 

patients with BUN levels of 10–20 mg/dL.[27] The HCO 
3 

levels are strongly correlated with arterial base     deficit/ 
excess, and they provide equivalent predictive information 

for metabolic acidosis and mortality in critically ill 

patients.[28] Bicarbonate levels have been associated with 

mortality of patients admitted to the Intensive Care Unit 

after in‑hospital CPR.[29] 

 

The results of this study revealed a significantly higher HR 

for mortality among patients who had signed a DNR when 

these patients had used antiarrhythmic drugs or vasopressor, 

had respiratory rates ≥28 breaths/min, had been intubated, 

and had high serum potassium levels (≥4.5 mEq/L). In 

critically ill patients, acute heart failure is frequent and 

leads to mortality due to arrhythmias, cardiac dysfunction, 

and myocardial injury.[30] Vasopressors, including pure 

vasoconstrictors (phenylephrine and vasopressin) 

and  inoconstrictors  (dopamine,  norepinephrine, and 
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Age (years) 

Systolic BP (mmHg) 
70.8±16.2 

123.3±42.4 
75.0±12.5 

134.0±43.5 
0.042* 

0.084 
However, the mean temperature of the patients who died 
in the current study was 36.6°C, which does not meet 

Diastolic BP (mmHg) 74.2±25.6 79.2±22.1 0.154 the definition of  hypothermia; further, the    difference 
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epinephrine), increase the mean arterial pressure by 

augmenting vascular tone and are usually used to relieve 

the symptoms of tissue hypoperfusion.[31] Arrhythmia 

and hypotension are critical conditions that reflect 

hemodynamic changes and may be life‑threatening if 

not aggressively treated.[32] Unsurprisingly, the use of 

antiarrhythmic drugs or vasopressors is associated with 

increased mortality among terminally ill patients. However, 

the effect and the status of discontinuing vasopressor  

use on mortality are unknown in this study and thus may 

lead to a bias in identifying the mortality risk and the use 

of vasopressor. In addition, dyspnea or tachypnea is a 

significant prognostic indicator of mortality in critically  

ill patients.[33] This is also the most common symptom 

experienced by dying patients and patients with advanced 

cancer.[34] The incidence of dyspnea increases significantly 

1–3 months before death.[35] Therefore, the observation 

in this study, that is, patients who were intubated for a 

ventilation support had a higher risk of mortality than 

nonintubated patients, was expected. 
 

Various physiologic and laboratory parameters were 

associated with mortality in patients who had signed a DNR 

consent. However, it is not easy to accurately anticipate 

the grave prognosis of terminally ill patients because 

the physiological indices measured in the ED are usually 

affected by abrupt changes in the patient’s condition.[36] 

This may be particularly true for variables such as oxygen 

saturation, respiratory rate, and serum levels of potassium, 

BUN, and bicarbonate. These indices may have improved 

or deteriorated after administration of certain types of 

immediate management in the ED before a DNR consent 

was signed and patients were enrolled in the current study, 

which would result in a major limitation in the interpretation 

of the results. In this study, there was an average hospital 

stay of 14 ±  22 days, with a median of 19 days, among all 

patients. Although a longer hospital stay was important 

factor affecting the surrogates’ decision‑making to sign a 

DNR,[37] the long hospital stay of these patients with 

DNR orders may also indicate the importance of early 

implementation of palliative care, which has been shown 

to improve the quality of care and resource utilization for 

inpatients,[38,39] to the patients. This study also has several 

other limitations. First, the nonrandomized sampling 

resulted in a bias in the baseline covariates used for 

comparison. Second, the recommendation of a DNR 

consent by the physicians without standards or guidelines 

could result in a selection bias. In addition, because there 

were no established protocols for the management of 

patients who had signed a DNR consent, we could only 

assume the uniform management of the enrolled patients 

by  different physicians during the treatment   course. 

Third, terminally ill patients with advanced diseases other 

than cancer tend to have a more uncertain prognosis,[40] 

and  the  long‑term  mortality  of  these  patients  was  not 

evaluated in this study. Finally, aside from mortality, certain 

important indicators were not evaluated from different 

perspectives, such as the socioeconomic, psychological, 

and administrative viewpoints. 

CONCLUSION 

 
In this study, we observed a significantly higher HR for 

mortality among patients who had signed a DNR consent 

who had used anti‑arrhythmic drugs or vasopressor, had a 

respiratory rate ≥28 breaths/min, had been intubated, and 

had high serum potassium levels (≥4.5 mEq/L). 
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Abstract Background: Electrical injuries are potentially devastating in many ways. This study aimed to profile the 

epidemiologic characteristics and outcome of these patients in a Level I trauma center in Southern Taiwan. 

Methods: A retrospective review of 34 (1.9%) patients with electrical injuries and admitted to the Kaohsiung 
Chang Gung Memorial Hospital Burn Center from 2009 to 2015 from all 23,705 hospitalized patients 
registered in the trauma registry system. The information such as patient’s profile, injury characteristics 
and severity, description of the burn injury, associated injuries, expenditures, and outcomes were gathered. 
Results: There were 33 males and one female with an average age of 37.1 ± 10.4 years old. Twenty‑eight 

cases (82.3%) were work related. The average total body surface area burned was 5.26%. The mean injury 
severity score was 9.8 with the median, and interquartile ranges (Q1–Q3) being 4 and 3.3–9.3. The average 
hospital length of stay (LOS) was 16.6 ± 14.3 days. Twenty‑one patients required Intensive Care Unit (ICU) 
admission, and the average ICU LOS was 20.1 ± 16.2 days. Fourteen patients underwent operations with 
each patient averaging 2.5 operations. There were two cases of mortality (5.9%). Although the expenditure 
seemed to be higher in dealing with the electrical burn patients (n = 34) than the nonelectrical burn 
patients (n = 1727), there were no significant differences of the average total expenditure as well as the 
costs of operation, examination, and pharmaceuticals between the electrical burn patients and nonelectrical 
burn patients. 

Conclusions: Most of the electrical burn injuries are work related and may associated with injuries to 
different body regions. With a high incidence of ICU admission and the requirement of frequent operations, 
the electric burn injuries still carry high morbidities with the risk to mortality. 
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INTRODUCTION 

 
There is a trend of increased incidence of electrical injuries 

due to rapid industrialization in some areas[1] and the lack 

of  corresponding safety information in some agricultural 

populations.[2] In some countries, the reported incidence 

of electrical injuries consisted as high as 30.9% of all burn 

cases.[2,3] In Taiwan, electrical burns accounted for just 

6% of all burn cases, while scald burns (49.9%), flame 

burns (19.6%), and burns from explosion (11.8%)  made 
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up the majority of the burn cases.[4] With damage to deeper 

tissues and the associated injures such as cardiogenic shock, 

the electrical injuries can be the most damaging among all 

types of burn injuries.[5] Based on the available literature, 

the hospital course of electrical injury patients has been 

studied extensively, and the unpredictability of the injury 

had been pointed out because the visible cutaneous injury 

does not truly represent the actual intrinsic tissue damage. 

These deep tissues have been shown to retain heat from 

the electric current, often causing a more severe injury 

than those that can be seen on the superficial skin.[5] In 

addition, the patient outcomes are often compounded by 

the accompanying trauma that comes with the electrical 

injury. These include falls from height, bone injuries on the 

upper and lower limbs, and blunt abdominal injury.[6] This 

study aimed to profile the epidemiologic characteristics and 

the outcomes of these patients in a Level I trauma center 

in Southern Taiwan to provide more valuable information 

about patients with electrical burns, including information 

on the associated injuries and related expenditures. 

METHODS 

 

Ethics statement 

This study was preapproved by the institutional 

review board (IRB) of the Chang Gung Memorial 

Hospital (approval number: 201600100B0D001). Informed 

consent was waived according to IRB regulations. 

Study design 

This retrospective study reviewed data of all 23,705 

hospitalized patients registered in the trauma registry 

system of a Level I trauma center from January 1, 2009, 

to December 31, 2015. All patients (n = 1761) with a 

burn injury and hospitalized for treatment were included 

in the study. Among these patients, there were 34 (1.9%) 

patients with an electrical burn injury and 1727 (98.1%) 

patients with a nonelectrical burn injury. Case histories 

were reviewed, and the following information was 

gathered age, sex, electrical voltage, Glasgow coma scale 

scores on arrival at emergency department (ER), burn of 

total body surface area (TBSA), presence of cardiogenic 

shock at ER, associated injuries, hospital length of 

stay (LOS), admission in Intensive Care Unit (ICU), 

operation, inhospital mortality, and total expenditure 

which included the costs of operation (operation fee and 

operation supply fee), examination (physical examination, 

hematology testing, radiography and pathological 

examinations, electrocardiography (ECG) examination, 

echocardiogram, endoscopy, electromyography, cardiac 

catheterization, and electroencephalography monitoring), 

the cost of  pharmaceuticals (medical service,  medicines, 

and narcotics), and other related expenditures (fee for 

registration, administrative tasks, wards, nursing, blood 

and plasma tests, hemodialysis, anesthesia, rehabilitation 

treatment, special material costs, and personal expenses). 

These expenditures were compared between those electrical 

burn and nonelectrical burn patients and were expressed 

as cost/victim in New Taiwan Dollars (NTD). In this 

study, we also used the  abbreviated  injury scale (AIS) 

and injury severity score (ISS) to describe the injuries of 

the patients. The AIS is a numerical system for grading 

specific tissue trauma to six body regions (head/neck, face, 

thorax, abdomen, extremities, and external). Each region 

is graded according to the severity of the injury with a 

grade of 1 being minor injury to a grade of 6 which is 

considered a fatal injury. The ISS scores of each patient 

were determined using the formula such that ISS is the sum 

of the squares of the highest AIS grade in each of the three 

most injured areas. The AIS and ISS is the most widely used 

anatomic severity index which has been the standard for 

the prognosis of patient outcomes in traumatic injuries.[7] 

RESULTS 

 
A total of 34 patients were included in the study [Table 1]. 

There were 33 males (97.1%) and one female (2.9%). 

The average age of the patients was 37.1 ±  10.4 years  

old [Table 2]. Twenty‑eight cases (82.3%) were work 

related. There were 8 high‑voltage (23.5%) and 26 

low‑voltage (76.5%) injury cases. The average percentage of 

TBSA burned was 5.26%. The mean ISS score was 

9.8 with the median, and interquartile ranges (Q1–Q3) 

being 4 and 3.3–9.3. Based on ISS, there were three 

patients who scored ≥25 (deemed as very severely 

injured), one patient who scored 16–24 (severely injured), 

five patients who scored 9–15 (moderately injured), and 

25 patients who scored 1–8 (mild injury). Based on AIS, 

the injury regions located on external, extremity, and 

head/neck comprised 91.2% (n = 31), 20.6% (n = 7),  

and 8.8% (n = 3) of all patients with electrical injuries, 

respectively. In addition, one (2.9%), three (8.8%), and 

five (14.7%) patients had a ≥3 AIS injury in the thorax, 

extremity, and external, respectively. The average hospital 

LOS was 16.6 ±  14.3 days. Twenty‑one patients (61.8%) 

required ICU admission, and the average ICU LOS 

was 20.1 ±  16.2 days. Fourteen patients underwent 

operations, each patient averaging 2.5 operations. There 

were two cases of mortality (5.9%) overall. Although 

the expenditure seemed to be higher in dealing with 

the electrical burn patients than the nonelectrical burn 

patients, there were no significant differences of the 

average total expenditure (NTD 176,504 ±  183,019 

and  123,020 ±   241,213, P  =  0.199), the  costs   of 
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Table 1: List of patients with electrical injury included in the study 

Serial 
number 

Age/Sex Electricity 
current injury 

Flame 
burn 

Arc 
burn 

Burn area Associated injuries Outcome 

1 

 
2 

39/male 

 
26/male 

✓ 

 
✓ 

✓  2nd‑3rd degree, TBSA 11% (right flank, 

thigh, and lower leg) 

2nd degree, TBSA 5% (right anterior 

 Survived 

 
Survived 

 
3 

 
26/male 

 
✓ 

  neck and bilateral hands) 

2nd degree, TBSA <1% (left hand) 
  

Survived 
4 

 
5 

37/male 

 
58/male 

✓ 

 
✓ 

  2nd degree, TBSA 2% (bilateral 

forearms) 

2nd degree, TBSA 0.5% (left hand) 

Arrhythmia Survived 

 
Survived 

6 42/male ✓   2nd‑3rd degree, TBSA 1% (right hand)  Survived 
7 26/male ✓   2nd degree, TBSA 0.5% (left hand)  Survived 
8 

 
9 

26/male 

 
36/male 

✓ 

 
✓ 

  2nd degree, TBSA 1% (chest and 

bilateral arms) 

2nd degree, TBSA <1% (left hand) 

 
 

Left hand open wound 

Survived 

 
Survived 

10 

 
11 

40/male 

 
26/female 

✓ 

 
✓ 

✓  2nd‑3rd degree, TBSA 15% (face, neck, 

chest, and upper limb) 

2nd degree, TBSA 1% (bilateral hands) 

 Survived 

 
Survived 

12 

 
 

13 

42/male 

 
 

36/male 

✓ 

 
 

✓ 

 
 

✓ 

 2nd‑3rd degree, TBSA 5% (chest wall 

and right hand) 

 

2nd‑3rd degree, TBSA 4% (left axilla and 

Left middle finger and ring 

finger deep soft tissue and 

skin defect 

Survived 

 
 

Survived 
 
14 

 
47/male 

 
✓ 

 
✓ 

 abdomen) 

2nd‑3rd degree, TBSA 15% (face, neck, 
  

Survived 
 

15 
 

43/male 
 

✓ 
  bilateral upper limb, and left lower leg) 

2nd degree, TBSA 2% (bilateral hands) 
  

Survived 
16 48/male ✓   2nd degree, TBSA <1% (left hand)  Survived 
17 40/male ✓   2nd degree, TBSA 1% (right hand) Cardiogenic shock Survived 
18 41/male ✓   2nd‑3rd degree, TBSA <1% (right hand)  Survived 
19 32/male ✓   2nd‑3rd degree, TBSA 1% (right hand)  Survived 
20 30/male ✓   2nd degree, TBSA 1% (left hand)  Survived 
21 47/male ✓   2nd degree, TBSA 2% (bilateral hands)  Survived 
22 15/male ✓   2nd degree, TBSA 1% (left hand)  Survived 
23 33/male ✓   2nd degree, TBSA 1% (left hand)  Survived 
24 

 
25 

25/male 

 
51/male 

✓   2nd‑3rd degree, TBSA 1% (left chest 

wall) 
 
 

Right patellar tendon 

Survived 

 
Survived 

 
 

26 

 
 

28/male 

 
 

✓ 

 
 

✓ 

  
 

2nd‑3rd degree, TBSA 10% (face, neck, 

rupture and left 

quadriceps tendon rupture 
 
 

Survived 
 
27 

 
36/male 

 
✓ 

  chest, and bilateral wrist) 

2nd degree, TBSA 2% (bilateral hands) 
 

Left fifth metacarpal 
 

Survived 
 
 

28 

 
 

42/male 

    fracture and right medial 

orbital wall fracture 

Right femoral neck 

 
 

Survived 
 
 
 
 
 
 
 
29 

 
 
 
 
 
 
 

41/male 

    fracture; right scaphoid 

nondisplaced fracture; 

right elbow open fracture 

dislocation type I; nasal 

bone fracture; right 

forearm laceration; and 

right eyebrow and nasal 

laceration 

Right distal radius fracture 

 
 
 
 
 
 
 

Survived 
 

30 
 

53/male 
 

✓ 
  

ˇ 
 

4th degree, TBSA 10% (bilateral hands 
and frontal bone fracture  

Survived 
 
 

31 

 
 

45/male 

 
 

✓ 

 
 

✓ 

 and left leg); compartment syndrome 

bilateral hands 

2nd‑3rd degree, TBSA 12% (back, left 

 
 

Hemopneumothorax; 

 
 

Survived 
 
 
 
 

 
32 

 
 
 
 

 
60/male 

   arm and forearm, and left leg) multiple rib fractures 

(right 3rd, 4th, 5th; and left 

1st); fracture of spinal 

process (C7, T1, and T2); 

and scapular fracture 

bilateral 

Cardiogenic shock 

 
 
 
 

 
Survived 

       Contd... 
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Table 1: Contd... 
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Serial 
number 

Age/Sex  Electricity 
current injury 

Flame 
burn 

Arc 
burn 

Burn area Associated injuries Outcome 

33 25/male ✓ ✓ 2nd‑3rd degree, TBSA 80% (face, 

trunk, and bilateral upper and lower 

extremities); compartment syndrome 

bilateral legs 

Death 

34 23/male Cardiogenic shock Death 

TBSA: Total body surface area 

 
Table 2: The characteristics of the injuries and the outcomes 
for the patients with electrical injury  

Variables Electric burn (n=34) 

Gender, n (%) 

Male 33 (97.1) 

Female 1 (2.9) 

Age (years) 37.1±10.4 

GCS n (%) 14.1±2.6 

1‑8 2 (5.9) 

9‑12 3 (8.8) 

13 29 (85.3) 

AIS, n (%) 

Head/neck 3 (8.8) 

Face 1 (2.9) 

Thorax 1 (2.9) 

Abdomen 0 

Extremity 7 (20.6) 

External 31 (91.2) 

AIS 3, n (%) 

Head/neck 0 

Face 0 

Thorax 1 (2.9) 

Abdomen 0 

Extremity 3 (8.8) 

External 5 (14.7) 

ISS 9.8±17.5 

Median (IQR) 4 (3.3‑9.3) 

1‑8, n (%) 25 (73.5) 

9‑15, n (%) 5 (14.7) 

16‑24, n (%) 1 (2.9) 

25, n (%) 3 (8.8) 

Hospital LOS (days) 16.6±14.3 

ICU, n (%) 21 (61.8) 

ICU LOS (days) 20.1±16.2 

Mortality, n (%) 2 (5.9) 

Total expenditure (NTD) 176,504±183,019 

Cost of operation 10,735±18,262 

Cost of examination 6055±8293 
Cost of pharmaceutical 9658±16,182 

GCS: Glasgow coma scale, AIS: Abbreviated injury scale, ISS: Injury 
severity score, IQR: Interquartile range, ICU: Intensive Care Unit, 
NTD: New Taiwan Dollars, LOS: Length of stay 

 
operation (10,735 ±  18,262 and 7957 ±  25,231, P = 0.523), 

examination (6055 ±  8293 and 3138 ±  9955, P =  0.090), 

and pharmaceuticals (9658 ±  16,182 and 8440 ±  32,158, 

P = 0.826) in the electrical burn patients (n = 34) and the 

nonelectrical burn patients (n = 1727), respectively. 

DISCUSSION 

 
In this study regarding electrical injuries in Taiwan, males 

are still the most commonly injured (97.1%) and the most 

 
accidents occurred at work (82.3%). Electrical injuries 

occurring mostly in the workplace have been reported in 

the  literature (67.5%–81%).[1,8‑10] This  is  due  to  the  fact 

that jobs involving electrical equipment are almost always 

assigned to males in the workplace. The average age (37.1) 

of patients in this study is also consistent with the working 

age  reported  in  other  areas.[6,11‑14]  A  report  by  Brandt 

showed that 81% of all electrical injuries are occupation 

related, and the average age is also 37.1 years old. They 

postulated that at this age, the workers may have already 

been employed for some time, hence may have developed 

complacency in handling the electrical equipment. They 

recommended a targeted continuing safety education in the 

workplace to reduce the risk of electrical injury.[10] However, 

notably, a different report by Luz from Brazil shows a 

slight predominance of electrical injuries among children 

and adolescents who play near the high‑tension lines.[15] 

 

The mean TBSA of only 5.26% is lower than that of other 

reports of electrical injury patients who had 10.5%–30.3% 

TBSA.[6,9,14‑17] However, due to the mechanism of electrical 

injury, the variability in these reported cutaneous burns may 

not correspond with the actual deep tissue damage, which 

is more important to understand during the management 

of patients. In fact, 25 of our study patients out of 34 only 

sustained 0%–2% TBSA cutaneous burns mostly on the 

hand (contact point) but were still managed similarly 

with those who had actual deep tissue damage to avoid 

possible sequels, namely, myocardial damage, neurologic 

deficits, and renal damage. Unlike in the underdeveloped 

countries where high‑voltage injuries are more common, 

the electrical low‑voltage injuries were more common in 

this study (76.5%).[3,9,11,16,17] It had been reported that when 

the chest is situated along the electric current path that 

connects the entrance and exit points, the current passages 

can lead to cardiac injury.[18] The documented cardiovascular 

effects of an electrical shock include arrhythmias, acute 

myocardial necrosis, myocardial ischemia, heart failure, 

hemorrhagic pericarditis, and anomalous nonspecific 

ECG changes.[19] While exposure to high voltage or direct 

current will most likely cause ventricular asystole, even 

low‑voltage alternating current can cause sudden cardiac 

death by ventricular fibrillation,[20] and delayed ventricular 
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arrhythmias have been also reported.[21] In this study, three 

patients (8.8%) had presented with cardiogenic shock and 

one patient (2.7%) had arrhythmia, which is comparable 

with a recent study that has recorded significant arrhythmias 

in only 3% of monitored patients.[22] 

 

The high incidence of falls among electrical injury patients 

can be explained by alternating current causing tetanic 

muscle contractions which may throw the victims away 

from the electrical source.[5] Falling from a height is the 

most common associated injury with electrical injuries, 

and it was reported in as high as 25.6% of all electrical 

injury patients.[6] In this study, seven patients had a history 

of fall (20.5%) which is similar to the reports in the 

literature (25.6%).[6] Thorough history taking, particularly 

on the history of falling from a height, is very important 

during the initial evaluation to prevent the miss of the 

associated injuries. A study by Chen and Yang reported 

that head injuries occurred in 8 out of 249 (3.2%) electrical 

injury patients, with all victims presenting a history of 

falling from a height while working near an electrical 

source.[23] All of these patients had a computed tomography 

scan <24 h after injury. Six patients had an intracerebral 

hematoma or epidural hematoma, three patients underwent 

craniotomy and evacuation of the hematoma, and one 

patient underwent debridement secondary to a depressed 

skull fracture. It is, therefore, recommended to highly 

suspect significant head injury among electrical injury 

patients with a history of fall.[23] 

 

The ISS score, a guide for the evaluation of trauma care 

and a valuable tool for studies, is used as a predictor of 

morbidity and mortality.[24] In this study, the average ISS 

score was 9.8. This score of <10 means low mortality 

rate; in addition, most of  our patients only sustained    

a low‑voltage injury. High‑voltage injuries are more 

devastating, and patients have higher complications, 

resulting in amputations, operations, longer hospital stays, 

and even mortality.[1,6,15,25,26] In this study, there were three 

patients with an ISS score of ≥25 and two (66.6%) of 

these three patients did not survive. The mortality rate   

of 5.9% in this study is comparable with other reports of 

mortality rates being 1.6%–9.1%.[1,4,6,9,11,13,15,16,27,28] The ISS 

can, therefore, provide valuable information to describe 

the severity and possible hospital course of patients with 

electrical injuries. When treating an electrical burn victim 

as a trauma patient, meticulous examination should always 

be performed to avoid missed injuries. 
 

The average LOS at the hospital was 16.6 days which was 

also comparable to those seen in other reports ranging from 

14 to 34 days.[9,11,15‑17,28] In general, the main contributory 

factor to prolonged hospital stay is the need for operations, 

which may often be numerous. In this study, 41% of the 

patients needed an operation, with each patient requiring 

average 2.5 operations as multiple debridements before a 

definitive skin grafting can be performed. In this study, 

although the expenditure seemed to be higher in dealing 

with the electrical burn patients than the nonelectrical 

burn patients, there were no significant differences of the 

average total expenditure as well as the costs of operation, 

examination, and pharmaceuticals between the electrical 

burn patients and the nonelectrical burn patients. However, 

comparison of these values to other reports may be difficult 

due to the differences in economies and insurance policies 

among institutions in different countries. In addition, the 

numbers relating to cost do not reflect other losses such as 

lost income due to lost days at work, the cost of subsequent 

therapy and rehabilitation efforts, and the need for possible 

future treatments in the case of long‑term complications. 

CONCLUSIONS 

 
In this study, we present the epidemiologic characteristics 

and outcome of electrical burn patients in a Level I trauma 

center in Southern Taiwan together with information on 

associated injuries and expenditures. Most of the electrical 

burn injuries are work related and may associated with 

injuries to different body regions. With a high incidence of 

ICU admission and the requirement of frequent operations, 

the electric burn injuries still carry high morbidities with 

the risk to mortality. Thus, it is still imperative to educate 

the population about the dangers and hazards associated 

with improper use of electrical devices. 
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外科急診家暴受害者之外傷表現 
Clinical Characteristics of Patients Who Visited the Surgical 

Emergency Department due to Domestic Violence
 

許薰元 1、劉宥妘 2、龔千逢 3、謝青華 4

摘要

目的：家庭暴力簡稱家暴，是指家庭成員間實施身體或精神上的傷害行為，也

是造成急診外傷之常見原因之一。此研究在於闡明從急診外傷所見之家暴現況，

並探討家暴受害者之外傷狀況。方法：本研究探討 2014 年 01 月 01 日至 2015

年 12 月 31 日為止二年間因遭受家暴而至急診就醫之所有外傷病患，分別將所

有性別、年齡基本資料、家暴施害者成員、受傷部位與機轉、臨床表現、外傷

嚴重之程度、治療結果及住院後的醫療費用和死亡率做詳細記錄，並分別做各

項 資 料 之 呈 現。 結 果： 本 研 究 顯 示 因 家 暴 至 急 診 就 醫 者 有  367 人， 其 中 8 人

(2 .2%) 需要住院治療。受害人以女性居多占 291 人 (79.3%)，施虐者以配偶關

係比例為最高 210 人 (57.2%)，其次是來自兒女為 52 人 (14.2%)。在受傷型態

中，鈍挫傷占了絕大多數為 358 人 (97.5%)，其次為跌落 6 人 (1 .6%) 及穿刺傷

3 人 (0 .8%)。以受傷部位而言，頭頸部受傷和外觀軟組織受傷為大多數，分別

有 129 人 (35.1%) 和 124 人 (33.8%)， 其 次 則 是 四 肢 受 傷 共 91 人 (24.8%) 及

臉 部 受 傷 共 81 人 (22.1%)。 病 患 的 傷 害 嚴 重 程 度 評 分 平 均 為 1.5 ± 1.7 分， 但

對於需要住院之病患，其傷害嚴重程度評分平均為 8.0 ± 7.6 分。在急診治療後

可 以 出 院 的 病 人 (n=359) 都 是 存 活 的， 但 是 於 急 診 治 療 後 需 住 院 患 者 (n=8) 之

中有一人死亡，其受傷機轉為水果刀刺傷腹部，造成出血性休克後併發腦損傷

而 死 亡。 住 院 家 暴 受 害 人 之 整 體 醫 療 費 用 為 198,326 ± 265,866 元、 檢 查 費 用
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為 12,065 ± 19,657 元、 藥 費 為 23,381 ± 46,870 元、 手 術 費 用 則 為 31,989 ± 

30,278 元。

結論：家暴所造成之外傷可能造成受害人不同部位之骨折或內臟器官損傷情況，

而需要住院及手術治療，甚至還有可能造成家暴受害人死亡之情況發生。闡明

家暴受害者於外科急診之臨床表現，將有助於描繪出家暴受害者之外傷狀況，

作為家暴防治之參考，並藉以提倡一個無家暴的生活環境。

關鍵詞：外傷、急診、家暴

1 高雄長庚紀念醫院外傷科，外傷登錄師
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3 高雄長庚紀念醫院社會服務課，社會工作師
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壹、前言   

     家庭暴力簡稱家暴，是指家庭成

員之間實施於身體或精神上的傷害行

為。其侵害行為包括了實際攻擊、傷

害、虐待等暴力行為或在精神上之威

脅。其涉及的成員可以是：配偶、前

配偶、雙親、子女、繼親帶來的孩子、

有血緣關係家人、同居伴侶者等。

    家暴問題如配偶虐待、兒少虐待、

老人虐待一直以來層出不窮，也漸漸

受 到 大 眾 的 重 視（ 黃、 林，2014；

楊、陳、劉，1997）。在過去家暴事

件常被視為是家務事，然而隨著時代

的改變，大家逐漸地開始重視家暴對

於受害人所造成的嚴重傷害，也開始

有相關之法律來規範此不法之侵害行

為（ 黃、 陳，2010； 黃、 林，2014

鄭，2014a； 鄭，2014b）。 在 醫 學

中心，家暴也是造成急診外傷常見原

因之一，在急診室處理家暴之案件並

不少見。我們希望藉由此研究來探討

家暴之急診外傷病患表現，闡明家暴

受害者於外科急診之臨床表現，將有

助於描繪出家暴受害者之外傷狀況，

作為家暴防治之參考，並藉以提倡一

個無家暴的生活環境。

     世界衛生組織 (WHO) 將暴力定義為

「故意使用威脅或實際的身體力量或

權力，對另一個人造成可能的身體傷

害、 心 理 傷 害 或 是 死 亡 」 的 發 生。 暴

力會對個人、家庭或是社會，會產生不

良的健康問題，造成身體、情感和精神

上的創傷，甚至會造成個體的受傷或死

亡 (Macedo Piosiadlo & Godoy Serpa da 

Fonseca, 2016)。依據內政部所頒佈的「家

庭暴力防治法」之定義，「家庭暴力」

係指「家庭成員間實施身體或精神上不

法侵害之行為」，而家庭成員主要包括

配偶或前配偶、現有或曾有同居關係、

現為同住或曾為同住家長家屬或家屬間

關係、現為同住或曾為同住直系血親或

直系姻親、現為同住或曾為同住四親等

以內之旁系血親或旁系姻親等及其未成

年 子 女（ 鄭，2014a； 鄭，2014b）。 家

暴主要施虐者則是家庭裡面的成員，而

 
貳、文獻查證



4

主要發生地點為家庭的空間（邱、白、

鍾、 蔡、 簡，2010；Carlos, Padua & 

Ferriani, 2017）。依據衛生福利部統計處

於 2017 年的統計數據資料顯示，每年家

暴通報人數高達 130,000 人次以上，顯示

大多數是屬於家庭成員間的犯罪，施虐

者多為共同生活配偶的關係，受害者年

齡 30-40 歲為最多數。於 2005 年至 2016

年間，婚姻、離婚或同居關係暴力（以

下簡稱婚姻暴力）是為家庭暴力的最大

宗，其次為兒少虐待及老人虐待（韋，

2010；黃、林，2014；衛生福利部保護

服務司，2017）。

    家庭暴力侵害婦女的行為是全世界非

常 普 遍 的 現 象 (Devries et al., 2011)。 有

學者指出，社會經濟地位低下的非勞

動婦女最容易受到暴力的威脅 (Kalaca 

& Dundar, 2010)，對於有接受過教育的

婦女來說，最常見的暴力則是心理暴

力，然而對於未受過教育和非勞動的婦

女，最常發生的則是身體暴力 (Kalaca & 

Dundar, 2010)。家庭暴力相關的風險因

素與女性收入水平較低、兒童時期社會

地位低、教育水平低有關 (Ozpinar, Dinc 

Horasan, Baydur & Canbay, 2016)。 在 成

員的家庭中收入低，失業或工作處於低

收入階層，婦女面臨更大的家庭暴力，

也就是說暴力的最常見的一個原因是親

密 伴 侶 的 財 政 困 難 (Bassuk, Dawson & 

Huntington, 2006)。且經濟能力差會增加

了婦女對於暴力的脆弱性，進而增加了

暴力的可能性，並降低了避免暴力或逃

避暴力的可能性 (Terry, 2004)。事實上，

經濟問題特別是丈夫失業的時候可能成

為家庭暴力的觸發因素 (Turk, Celik, Cetin 

& Soydan, 2017)。針對婦女的家暴是侵

犯人權行為，在長期暴力的情況下，婦

女經常會失去安全感，感到絕望和失望，

他們也可能會失去控制和自尊 (Stewart & 

Robinson, 1998)。

    隨著不同類型的家庭暴力案件逐年增

加，兒少受虐 (Carlos et al., 2017) 與老人

受虐 ( 楊，2013) 也逐漸受到矚目。因為

相較於婚姻暴力案件受害人，這些受害

人都相對更為弱勢，向外求助的意願也

相對較低。家庭向來被認為是最安全、

最溫暖的避風港，然而對於來自最親密

的家人，亦即生命中主要照顧者的傷

害，常常會造成孩子心理深沉的恐懼、

焦 慮， 甚 至 導 致 自 我 傷 害， 引 發 身 體
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上的疼痛，用來宣洩心理的痛苦（王，

2012； 吳、 譚、 董，2012； 戴、 張，

2012；Ameli, Meinck, Munthali, Ushie, & 

Langhaug, 2017）。更甚者，因為家暴的

經驗會透過代代傳遞的方式而影響下一

代子女，孩子會藉由觀察、模仿途徑而

學習各種行為模式，其中也包括家人的

暴力行為，進而長大後變成一個施暴者，

並進而造成家暴事件惡性循環（吳等，

2012； 李，2013； 蔡，2014； 盧、 蕭、

陳，2010）。另一方面，隨著老年人口

的增加，老人虐待的事件也是層出不窮，

逐漸變成一種社會問題。世界衛生組織

表示，老人每月遭受到虐待的比例大約

有 10%，且許多國家的人口正面臨老化

的情形，在有限的資源下，無法滿足老

人的需求，所以預估老人虐待的比例會

逐漸上升（世界衛生組織，2016）。老

人虐待的種類包括了對於老人的身體、

精神、財務上不當之損傷或剝奪，或者

忽略其需要，其中以身體和精神上的虐

待最為常見（世界衛生組織，2016；孫、

林、 黃、 徐、 葉，2012； 郭，2017）。

老人虐待發生的原因較為複雜及多樣

化，施虐者以親生子女或是配偶的比例

較高，其次為手足或是其他親戚，甚至

來自於機構照顧者的虐待也是可見（楊，

2013）。

    台灣於 1998 年制定了亞洲第一部家庭

暴力防治法，也正式宣告「法入家門」

的時代來臨。該法設計內容主要以美國

模範家庭暴力法為藍本，強調公權力的

介 入 及 家 庭 暴 力 犯 罪 化 的 策 略（ 韋，

2010；游，2014）。家庭暴力防治法立

法目的在於防治家庭暴力行為，保護受

到家庭暴力的受害人人身安全及保障其

自由選擇安全生活方式與環境之尊嚴。

由於不同類型家庭暴力受害人，其受暴

原因與特性或有所不同，因此在家庭暴

力防治工作上，有必要針對受害人受暴

原因及其特性進行研究（林，2010；黃、

林，2014）。

     此研究僅針對高雄長庚紀念醫院外科

急診之家暴患者針對研究。高雄長庚紀

念醫院為一個具有 2,686 床位之醫學中心

和一級區域創傷中心，主要收治來自南

台灣的外傷病患。進行此項研究之前，

已經先獲得醫院機構人體試驗倫理委員

 
參、方法
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會 的 批 准（Institutional Review Board，

IRB， 批 准 號 201600246B0）。 這 項 研

究是根據社會服務課之家暴受害人登錄

名單清冊，調閱了其於本院急診外傷科

的病歷紀錄及於外傷登錄資料庫之資

料。納入研究的條件是 (1) 於 2014 年 01

月 01 日至 2015 年 12 月 31 日此兩年時

間因家暴至本院急診就醫之所有受害人

外傷病患、(2) 家暴之認定必須符合法

規之認定且於社會服務課之家暴事件的

條件、(3) 排除條件是外傷登錄資料不

完全或醫療費用資料不完全之病患。並

詳細將病患資料做紀錄，其中包括了年

齡、性別基本資料、家暴施害者成員、

受傷部位與機轉、受傷機轉、到達急診

時之生命徵象及格拉斯哥昏迷量表分數

(Glasgow Coma Scale, GCS)、簡易損傷量

表 (Abbreviated Injury Severity, AIS) 於每

個身體部位的嚴重程度評分、傷害嚴重

程度評分 (Injury Severity Score, ISS)，住

院後醫療費用（含整體費用、檢查費用、

藥費、手術費用）和死亡率。住院家暴

受害人之整體醫療費用包括了檢查費用

（體檢費用、血液檢測費、檢查費、X

線攝、病理檢查費、檢查費、心電圖總

支出、超音波、胃鏡檢查、肌電圖、心

導管及腦波圖監測費等），藥費（醫療

服務費、醫藥費、麻醉藥品費）、手術

費用、經營成本（操作費用和操作電源

費）及其他費用（掛號費、管理費、病

房費、護理費、血液、血漿檢驗費的成

本、血液透析費、麻醉費、復健治療費、

特殊材料成本和個人費用）等，並以新

台幣計價。此研究內容以敘述性統計之

描繪為主，發生次數將以發生之百分比

(%) 來呈現，連續變數則以平均值 (mean)

加減標準差 (standard deviation) 來呈現。

一、家暴受害者外傷之特徵

    在 2014 年至 2015 年符合家暴的案例

共有 465 人，經過排除外傷登錄資料不

完全或醫療費用資料不完全之病患後共

有 367 人。病患平均年齡為 40.9 ± 13.6

歲（表一），年齡以 30-40 歲此十年期

(decade) 之 年 齡 層 帶 為 主， 並 以 31-39

歲呈現兩個高峰期（圖一）。性別比例

上男性為 76 人 (20.7%)，女性為 291 人

(79.3%)，受害者為女性性別比例偏高。

在兩造關係中，施虐者以配偶關係比例

 
肆、結果
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為最高 210 人 (57.2%)，其次是來自兒女

為 52(14.2%)。在受傷型態中，鈍挫傷占

了絕大多數，為 358 人 (97.5%)，其次為

跌落 6 人 (1.6%) 及穿刺傷 3 人 (0.8%)。

二、家暴受害者的傷害嚴重程度

     病患入院時的格拉斯哥昏迷量表分數

平均為 14.98 ± 0.20 分（表二）。99.7%

的受害人是屬於清醒的狀態，只有一人

是屬於意識較不清楚狀況。以受傷部位

而言，頭頸部受傷和外觀軟組織受傷為

表一、家暴受害者之基本資料及外傷型態
變項 總人數 n=367 急診治療後出院 n=359 急診治療後住院 n=8
性別

男性 76 (20.7%) 73 (20.3%) 3 (37.5%)
女性 291 (79.3%) 286 (79.7%) 5 (62.55%)

年齡 40.9 ± 13.6 40.8 ± 13.5 43.6 ± 18.4
兩造關係

配偶 210 (57.2%) 205 (57.1%) 5 (62.5%)
兒女 52 (14.2%) 52 (14.5%) 0 (0.0%)
兄弟姊妹 28 (7.6%) 28 (7.8%) 0 (0.0%)
男女朋友 25 (6.8%) 24 (6.7%) 1 (12.5%)
同居人 27 (7.4%) 27 (7.5%) 0 (0.0%)
親戚 22 (6.0%) 21 (5.8%) 1 (12.5%)
其他成員 3 (0.8%) 2 (0.6%) 1 (12.5%)

受傷型態
鈍挫傷 358 (97.5%) 351 (97.8%) 7 (87.5%)
穿刺傷 3 (0.8%) 3 (0.8%) 0 (0.0%)
跌落 6 (1.6%) 5 (1.4%) 1 (12.5%)

圖一、家暴受害者之年齡與人數分布
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大多數，分別有 129 人 (35.1%) 和 124 人

(33.8%)，其次則是於四肢受傷共 91 人

(24.8%) 及臉部受傷共 81 人 (22.1%)。病

患的傷害嚴重程度評分平均為 1.5 ± 1.7

分，但對於需要住院之病患，其傷害嚴

重程度評分平均為 8.0 ± 7.6 分。在急診

治療後可以出院的病人 (n=359) 都是存活

的，但是於急診治療後需住院患者 (n=8)

之中有一人死亡，其受傷機轉為水果刀

刺傷腹部，造成出血性休克後併發腦損

傷而死亡。

三、家暴受害者的臨床症狀

    家暴受害人臨床症狀上以腦挫傷最為

常 見， 有 111 人 (30.2%)( 表 三 )。 其 次

最常見的為眼眶骨折共有 5 人 (1.4%)。

鼻骨骨折、腹內受傷、髕骨骨折、脛骨

骨 折， 以 及 跟 骨 骨 折 則 分 別 各 有 2 人

(0.5%)。腦神經缺陷、肋骨骨折、氣胸、

橫膈膜損傷、脾臟損傷、腎臟損傷，以

及尺骨骨折則分別各有 1 人 (0.3%)。其

中罹患有橫膈膜受傷、腹內挫傷、脾臟

及腎臟損傷的皆為同一個病患，而此病

患為住院治療後死亡之案例。

三、家暴受害者的臨床症狀

    家暴受害人臨床症狀上以腦挫傷最為

常 見， 有 111 人 (30.2%)( 表 三 )。 其 次

最常見的為眼眶骨折共有 5 人 (1.4%)。

鼻骨骨折、腹內受傷、髕骨骨折、脛骨

骨 折， 以 及 跟 骨 骨 折 則 分 別 各 有 2 人

(0.5%)。腦神經缺陷、肋骨骨折、氣胸、

橫膈膜損傷、脾臟損傷、腎臟損傷，以

及尺骨骨折則分別各有 1 人 (0.3%)。其

表二、家暴受害者之傷害特徵
變項 總人數

n=367
急診治療後出院

n=359
急診治療後住院

n=8
格拉斯哥昏迷量表 (GCS) 14.98 ± 0.20 14.98 ± 0.20 15.00 ± 0.00

≤ 8 0 (0.0%) 0 (0.0%) 0 (0.0%)
9-12 1 (0.3%) 1 (0.3%) 0 (0.0%)
≥ 13 366 (99.7%) 358 (99.7%) 8 (100.0%)

簡易損傷量表 (AIS)
頭頸部 129 (35.1%) 128 (35.7%) 1 (12.5%)
臉部 81 (22.1%) 79 (22.0%) 2 (25.0%)
胸部 19 (5.2%) 17 (4.7%) 2 (25.0%)
腹部 26 (7.1%) 23 (6.4%) 3 (37.5%)
四肢 91 (24.8%) 88 (24.5%) 3 (37.5%)
外觀軟組織 124 (33.8%) 123 (34.3%) 1 (12.5%)

傷害嚴重程度評分 (ISS) 1.5  ± 1.7 1.3  ± 0.9 8.0 ± 7.6
死亡率 1 (0.3%) 0 (0.0%) 1 (12.5%)
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表三、家暴受害者之臨床相關診斷
變項 總人數

n=367
急診治療後出院

n=359
急診治療後住院

n=8
頭部創傷 , n(%)
神經缺陷 1 (0.3%) 0 (0.0%) 1 (12.5%)

顱骨骨折 0 (0.0%) 0 (0.0%) 0 (0.0%)
硬膜外血腫 (EDH) 0 (0.0%) 0 (0.0%) 0 (0.0%)
硬膜下血腫 (SDH) 0 (0.0%) 0 (0.0%) 0 (0.0%)
蛛網膜下腔出血 (SAH) 0 (0.0%) 0 (0.0%) 0 (0.0%)
腦內血腫 (ICH) 0 (0.0%) 0 (0.0%) 0 (0.0%)
腦挫傷 111 (30.2%) 111 (30.9%) 0 (0.0%)
頸椎骨折 0 (0.0%) 0 (0.0%) 0 (0.0%)

臉部創傷 , n(%)
眼眶骨折 5 (1.4%) 3 (0.8%) 2 (25.0%)
鼻骨骨折 2 (0.5%) 2 (0.6%) 0 (0.0%)
上頷骨骨折 0 (0.0%) 0 (0.0%) 0 (0.0%)
下頷骨骨折 0 (0.0%) 0 (0.0%) 0 (0.0%)

胸部創傷 , n(%)
肋骨骨折 1 (0.3%) 1 (0.3%) 0 (0.0%)
胸骨骨折 0 (0.0%) 0 (0.0%) 0 (0.0%)
血胸 0 (0.0%) 0 (0.0%) 0 (0.0%)
氣胸 1 (0.3%) 1 (0.3%) 0 (0.0%)
血氣胸 0 (0.0%) 0 (0.0%) 0 (0.0%)
肺挫傷 0 (0.0%) 0 (0.0%) 0 (0.0%)
胸椎骨折 0 (0.0%) 0 (0.0%) 0 (0.0%)
橫膈膜損傷 1 (0.3%) 0 (0.0%) 1 (12.5%)

腹部創傷 , n(%)
腹內受傷 2 (0.5%) 1 (0.3%) 1 (12.5%)
肝臟損傷 0 (0.0%) 0 (0.0%) 0 (0.0%)
脾臟損傷 1 (0.3%) 0 (0.0%) 1 (12.5%)
後腹腔受傷 0 (0.0%) 0 (0.0%) 0 (0.0%)
腎臟損傷 1 (0.3%) 0 (0.0%) 1 (12.5%)
膀胱尿道損傷 0 (0.0%) 0 (0.0%) 0 (0.0%)
腰椎骨折 0 (0.0%) 0 (0.0%) 0 (0.0%)
骶骨椎體骨折 0 (0.0%) 0 (0.0%) 0 (0.0%)

四肢創傷 , n(%)
肩胛骨骨折 0 (0.0%) 0 (0.0%) 0 (0.0%)
鎖骨骨折 0 (0.0%) 0 (0.0%) 0 (0.0%)
肱骨骨折 0 (0.0%) 0 (0.0%) 0 (0.0%)
橈骨骨折 0 (0.0%) 0 (0.0%) 0 (0.0%)
尺骨骨折 1 (0.3%) 1 (0.3%) 0 (0.0%)
掌骨骨折 0 (0.0%) 0 (0.0%) 0 (0.0%)
骨盆骨折 0 (0.0%) 0 (0.0%) 0 (0.0%)
股骨骨折 0 (0.0%) 0 (0.0%) 0 (0.0%)
髕骨骨折 2 (0.5%) 1 (0.3%) 1 (12.5%)
脛骨骨折 2 (0.5%) 1 (0.3%) 1 (12.5%)
腓骨骨折 0 (0.0%) 0 (0.0%) 0 (0.0%)
跟骨骨折 2 (0.5%) 1 (0.3%) 1 (12.5%)
蹠骨骨折 0 (0.0%) 0 (0.0%) 0 (0.0%)
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中罹患有橫膈膜受傷、腹內挫傷、脾臟

及腎臟損傷的皆為同一個病患，而此病

患為住院治療後死亡之案例。

四、家暴受害人的醫療費用

    住院家暴受害人之整體醫療費用為

198,326 ± 265,866 元、檢查費用為 12,065 

± 19,657 元、藥費為 23,381 ± 46,870 元、

手術費用則為 31,989 ± 30,278 元。

     家暴對婦女以及所有其他家庭成員的

健康會構成負面影響，因此被認為是一

個重大的公共衛生問題 (Turk et al., 2017; 

Wolfe & Jaffe, 1999)。本項研究資料顯示

婚姻暴力為主要的家暴類型，施虐者來

至於配偶關係比例為最高將近六成，且

受害者以女性居多數，結果和衛生福利

部的報告相符（衛生福利部保護服務司，

2017） ，而且受害者平均年齡為 40 歲左

右，相較於國人平均壽命而言，代表在

婚姻生活上還需要再度過另一個 40 年，

倘若這 40 年都是生活在一個高壓且暴力

的生活環境中，對於個人或家庭，甚至

是社會的負面影響甚遠甚鉅，而不容忽

視。國外文獻表示親密伴侶暴力流行率

為 36.1%，女性平均年齡為 31 歲，已婚

婦女佔 92.1%，水平較高或是有工作的

婦女遭受家暴的比例會比較低 (Vyas & 

Heise, 2016)，與本研究顯示施虐者來至

於配偶關係比例為最高相符合，其平均

年齡也是相仿。

     另外，本研究顯示在家暴所造成之傷

害絕大多屬於鈍挫傷，此鈍挫傷臨床症

狀上以腦挫傷最為常見，接近三成。另

外還有可能造成如眼眶骨折、鼻骨骨折、

肋骨骨折、髕骨骨折、脛骨骨折、尺骨

骨折、跟骨骨折，以及氣胸和腹內器官

受傷等傷害。雖然絕大多數的病患經由

急診治療後皆可離院，然而還是少數受

害人需要住院或手術治療，甚至還有造

成家暴受害人死亡之情況發生。可見家

暴所造成之外傷，並不是大眾所想的單

純頭部外傷、臉部或四肢瘀青之症狀而

已。由此研究可以得知，對於家暴常來

自於親密關係者如配偶或子女，以及絕

大多數皆來自於鈍挫傷，尤其是頭部外

傷為主之表現，可作為家暴防治宣導或

是政策制定時之參考引導。在國外文獻

表示，女性受到家暴之鈍挫傷害部位為

頭部 (22.8%) 及臉部 (44.8%) 的受傷最多

 
伍、討論
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數 (Crandall, Nathens & Rivara, 2004)，與

本研究統計結果顯示頭部創傷 30.5% 及

臉部創傷 1.5% 為最高比例同類型。而在

資料收集時，發現受害者的受暴原因及

特性，於病歷內容無法得知，若是增加

這類資料的收集，有助於分析受害者當

時受暴情境與輪廓，讓潛在受害者可以

學習自我保護及減少受暴機會。在家暴

越來越普遍的情況下，醫療機構對於家

暴受害人受傷部位及受傷嚴重程度，更

應給予積極地查明及治療，並應該能夠

教育其應如何再度避免家暴情形的發生

(Joseph et al., 2015)，進而減少家暴所致

之各種外傷傷害。

    此研究有一些相關之限制。首先，因

為病歷及記錄中並無法呈現受害人之受

暴原因及其特性，而使得此研究對於家

暴原因的探討明顯受到侷限，並難以和

國外之相關文獻相比較。其次，對於受

傷的部位或形態之深入分析，因局限於

家暴者資料之不足，以及具相關臨床症

狀之人數不足（除腦內傷為 111 人外，

其他症狀之人數皆小於 5 人），以致於

難以再分組以執行有效之統計分析來釐

清如以病患年齡層或與施虐者關係之進

一步的分類比較。另外，此登錄系統欠

缺完整之被家暴者之體重資料，所以難

以進行相關資料分析。最後，醫療花費

是以健保申報之金額費用為主，並無包

括病房費差價、看護、以及自費項目部

分金額，所以家暴受害者實際所花費之

金額應該更高，但其差額難以真實預估。

更者，考量國內外醫療系統不一樣，所

耗費之醫療給付亦有相當之鉅額差距，

因此本研究所述之金額難以和國外報告

之文獻做一合理比較，此亦為本研究之

限制。最後，此為南台灣單一醫學中心

之病患資料，無法代表台灣其他區域之

家暴外傷病患之現況。

     家暴所造成之外傷有可能造成受害人

不同部位之骨折或內臟器官損傷情況，

而需要住院及手術治療，甚至還有可能

造成家暴受害者死亡之情況發生。因台

灣相關家暴文獻之不足，我們無法得知

目前台灣北中南東各地的家暴狀況，這

也凸顯建立台灣相關資料庫之重要性，

以及政府單位更應制定有效的防制措

施，結合政府、社會，以及醫療組成之

 
陸、結論
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防護網，以增加受害者學習自我保護的

能力，並減少家暴事件的發生。

     感謝高雄長庚紀念醫院外傷資料庫

所提供的外傷登錄資料，長庚研究計畫

CMRPG8F1711，以及社工師在急診室對

於家暴病患的關懷、紀錄及通報，讓這

份論文可以順利完成。
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Objective: Domestic violence, a common reason for a visit to the surgical emergency 
department, constitutes a serious social and psychological problem with harmful consequences 
to the psychological and physiological functioning of the victim. This study aimed to profile 
the clinical characteristics of patients who visited the emergency department due to domestic 
violence.

Method: Patients who had visited the surgical emergency department due to traumatic 
injury from domestic violence between January 1, 2014, and December 31, 2015, were 
included in this study with retrieval of the following information: age, sex, perpetrator of 
violence, injury region and mechanism, clinical presentation, injury severity, outcome, 
expenditure after admission, and in-hospital mortality, for further presentation.

Results: 367 patients were included in this study who had visited the surgical emergency 
room as victims of domestic violence; among them, 8 (2.2%) patients required an admission 
for treatment. Most of the victims (n = 291, 79.3%) were female. 210 (57.2%) and 52 
(14.2%) patients had been abused by spouses and children, respectively. The analysis of 
injury mechanism discovered that 358 (97.5%) patients sustained a blunt injury, followed by 
fall (n = 6, 1.6%) and penetrating injury (n =3, 0.8%). Most injuries were found in the head/
neck (n = 129, 35.1%) and external (n = 124, 33.8%) regions, followed by the extremities (n 
= 91, 24.8%) and face (n = 81, 22.1%). The average Injury Severity Score (ISS) was 1.5 ± 
1.7. However, the average ISS of those eight hospitalized patients was 8.0 ± 7.6. All patients 
who were discharged from the emergency department after treatment survived; in contrast, of 
those hospitalized patients, one patient, who had sustained brain damage following profound 
shock after a penetrating injury into the abdomen by fruit knife, was fatal. The average total 
expenditure was 198,326 ± 265,866 New Taiwan (NT) dollars, with cost of examination, cost 
of pharmaceuticals, cost of operation being 12,065 ± 19,657, 23,381 ± 46,870 and 31,989 ± 
30,278 NT dollars, respectively.

Conclusion: Domestic violence may result in fractures of different regions or injuries 
to the visceral organs that require hospitalization or operation, and may even cause the death 
of the victim. Elucidation of the clinical characteristics of the patients who sustained trauma 
injures from domestic violence may help to profile the condition of the victims, serve as 
references for protection measure for domestic violence, and advocate living environments 
free from domestic violence.

Keywords: trauma, emergency department, domestic violence
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