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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

各項研究括劃出新的方向。此年之研究特別探討了AIS-2005和AIS-1998編碼

對於外傷嚴重度分數及其預後評估之影響、過去使用非手術處理方法治療

脾臟鈍挫傷患者之經驗、急診醫師有無參加SHARE模式溝通技巧訓練課程

和重症危急病患簽署拒絕心肺復甦術之關係、同時並涉及過去注重的兒童

外傷、休克指數、股骨骨折型態研究、及利用機器學習建模來改善對於預後

之預測。另外，我們也分析了之前酒駕法令將血液酒精濃度酒駕標準降低後

對於酒駕外傷人數及死亡率之影響，以及過去對於小兒手部封口機壓砸傷

之處理經驗。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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Abstract

Objective

To establish the composition of bacteria in mice following cecum ligation and puncture

(CLP) through metagenomic analysis and investigate the role of TLRs on the composition of

bacteria.

Methods

Total DNA extraction was done from the ascites, blood, and fecal samples from C57BL/6

mice sacrificed at 0, 4, 8, and 16 h, as well as from Tlr2–/–, Tlr4–/–, Tlr5–/–, and NF-κB–/–mice

sacrificed at 16 h following CLP. Amplification of the V3–V4 regions of the bacterial 16S

rRNA genes by PCR and the Illumina MiSeq sequencer was used for deep sequencing.

Hierarchical clustering of the isolates was performed with Ward’s method using Euclidean

distances. The relative abundance according to operational taxonomic unit (OTU) number

or taxa was used to compare the richness among subgroups in the experiments.

Results

There were 18 taxa that had significantly different abundances among the different samples

of the C57BL/6 mice at 16 h following CLP. Various dynamic changes in the infectious bac-

teria inside the peritoneal cavity after CLP were found. While knockout of Tlr5 and NF-κB
impaired the ability of bacterial clearance inside the peritoneal cavity for some kinds of bac-

teria found in the C57BL/6 mice, the knockout of Tlr4 enhanced clearance for other kinds of
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bacteria, and they presented excessive abundance in the peritoneal cavity despite their

scarce abundance in the stool.

Conclusion

NF-κB and TLRs are involved in bacterial clearance and in the expression pattern of the bac-

terial abundance inside the peritoneal cavity during polymicrobial infection.

Introduction

The human gastrointestinal tract harbors a complex ecosystem [1, 2] comprised of an esti-

mated 1014 microbes [3]. Currently, the mechanisms behind the immune tolerance of such a

large microbial load are far from understood. The translocation of bacteria from the intestinal

lumen into the peritoneal cavity had been proposed to be the basic mechanism for proceeding

sepsis [4]. The bacteria that accumulate inside the peritoneal cavity are picked up by mesen-

teric lymph nodes, travel to the lungs and other organs, then trigger a systemic inflammatory

response via the innate immune response, and eventually lead to the multiple organs dysfunc-

tion [4].

Toll-like receptors (TLRs) are highly conserved receptors of pattern recognition that func-

tion as key components involved in the innate defense against pathogens. Gut bacterial patho-

gens activate TLR signaling via the recognition of conserved microbial structures including

lipopolysaccharide (LPS), lipoteichoic acid (LTA), and flagellin [5]. LPS is an integral part of

gram negative bacterial wall and can be recognized by TLR4; LTA is an integral part of the cell

wall of gram-positive bacteria and can be recognized by TLR2; flagellin can be recognized by

TLR5 [6]. Activation of TLR leads to the massive release of inflammatory mediators into the

bloodstream via the rapid transduction of signaling pathways, such as MAPK, NF-κB, and/or

interferon responsive factors [7, 8]. Inflammatory cytokines such as tumor necrosis factor

(TNF) can induce death receptor signaling with subsequent activation of inflammatory

response [9, 10]. Signaling cascades that are crucial to the clearance of pathogens would be

induced by the death receptors such as TNFR1, FAS, and TRAIL-R, which are also major tar-

gets for inhibition by these pathogens [11].

In the human gut, the order Bacteroidales are the major providers of LPS [12], which is a

key mediator of the microbiome’s influence on host physiology and also one of the most

potent activators of innate immune signaling [12]. Inhibition of TLR4 activation impairs bac-

terial clearance during sepsis [13]. The deletion of TLR4 in the intestinal epithelial cells leads

to increased expression of mucin 2 [14]. The mucin 2 is secreted by goblet cells and is responsi-

ble for forming a mucus barrier that can change the composition and influence the growth of

residual bacteria in the small intestine [15]. In addition, deletion of TLR2 leads to a significant

change in the number and composition of the colonic mucosa-associated microbiome in

Tlr2-/- mice, with Proteobacteria, Bacteroidetes, and Actinobacteria being more abundant in

the samples [16]. Nonetheless, although TLRs are deemed as major regulators of the host’s

response to infections, it is unknown regarding that how the variability in TLR signaling may

impact the growth or composition of bacteria during sepsis. Metagenomic analysis with next-

generation sequencing has been used in recent years to identify the etiological agents of infec-

tious diseases [17]. This method amplifies bacterial 16S rRNA genes with direct sequencing of

millions of DNA/RNA molecules in a sample [18]; the pathogens can be inferred by matching

the sequences to a database [19, 20]. Metagenomic analysis has also allowed the identification

of previously uncharacterized bacteria that cannot live outside their hosts without symbionts
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[18] or is responsible for infectious diseases in the absence of bacterial cultivation [17, 21, 22].

In this study, we aimed to profile the bacterial composition in the ascites, blood, and fecal sam-

ples of mice following cecum ligation and puncture (CLP) using a metagenomic approach and

investigate the role of TLRs on the composition of bacteria by using Tlr and NF-κB knockout

mice.

Materials and methods

Animal experiment

C57BL/6 mice were purchased from the Taiwan National Laboratory Animal Center. Tlr2–/–

(B6.129-Tlr2tm1Kir/J), Tlr4–/–(C57BL/10ScNJ), Tlr5–/–(B6.129S1-Tlr5tm1Flv/J), and NF-κB–/–

(B6.Cg-Nfb1tm1Bal/J) mice were purchased from Jackson Laboratory (Bar Harbor, ME). Male

mice aged 10–12 weeks and weighted 25–35 g were used in this study for CLP experiment to

induce mid-grade sepsis according to the established protocol [23]. With the release of bacteria

into the peritoneal space, CLP is considered to be the gold standard for creating a state of sepsis

in animals [24]. Briefly, under the anesthesia with a combination of xylazine and ketamine, a

midline abdominal incision was done. The mobilized cecum was ligated in the middle below

the ileocecal valve and punctured once using a 21-G needle. A small amount of the bowel con-

tents was extruded through the puncture holes to induce the polymicrobial peritonitis. The

abdominal wall was closed in two layers. After surgery, the mice were resuscitated by subcuta-

neous injection of 37˚C normal saline at 5 mL per 100 g body weight. Following national and

institutional guidelines, the surgical procedures were performed and all housing conditions

were maintained in an AAALAC-accredited, specific pathogen-free facility. The study was

conducted after the protocol being approved by the Ethics Committee of Chang Gung Memo-

rial Hospital Center for Laboratory Animals, with a project identification code 2016031001.

Sample collection

The C57BL/6 mice were sacrificed at the indicated timepoints (4, 8, and 16 h) after the CLP ex-

periments. Sham-operated mice that underwent the same procedure, including the opening of

peritoneum and exposure of the bowel without ligation and needle perforation of the cecum,

were used as control and were indicated as 0 h for comparison in this study. The Tlr2–/–,
Tlr4–/–, Tlr5–/–, and NF-κB–/–mice were sacrificed at 0 h (sham-control) and 16 h after the CLP

experiments. Three mice were used in each group in the experiments. During the indicated

times, under anesthesia, 1 mL whole blood sample per mouse were drawn from the cardiac

puncture and placed in tubes containing anticoagulant; the abdominal wall of the mice was

open and, after 0.5 mL sterile normal saline was irrigated into the peritoneal cavity, 1 mL of

ascites was drawn and collected; finally, the proximal cecum mucosa was incised and fecal

samples were collected. According to the manufacturer’s protocol, DNA of the blood was

extracted the collected samples using the QIAamp DNA Blood Mini Kit with a catalog no.

51104 (Qiagen, Hilden, Germany). The DNA of the ascites and stool were extracted by

QIAamp DNA Mini Kit (catalog no. 51304) and QIAamp Fast DNA Stool Mini Kit (catalog

no. 51604), respectively. The DNA was eluted with 400 μL of elution buffer and was then was

isolated and purified. DNA concentration was determined using a Qubit 2.0 Fluorometer (Life

Technologies, Invitrogen, CA)

16S metagenomic analysis

The V3–V4 region of the bacterial 16S rRNA gene was amplified by PCR using barcoded prim-

ers and fused with Illumina adapters which were overhang nucleotide sequences [25]. Two
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independent PCR reactions were done for each sample. According to the Illumina’s 16S Meta-

genomic Sequencing Library Preparation protocol (Illumina, San Diego, CA), these products

were pooled and indexed. Sequencing and the processing of extracted data were performed at

the Genomic and Proteomic Core Laboratory, Kaohsiung Chang Gung Memorial Hospital,

where Illumina MiSeq platforms were utilized to sequence the samples. The Microbial Geno-

mics Module of CLC Genomics Workbench 9.5.4 (Qiagen, Stockach, Germany) was used to

analyzed the generated NGS data. The raw NGS reads were first trimmed in quality from the

30 end, optimal merged with paired reads in fixed length trimming, and operational taxonomic

units (OTUs) were clustered before taxonomic assignment as described [26]. The methods

of trimmed mean of M-values (TMM) [27] was used for normalization of the data. In this

method, the scaling factor is calculated by a weighted trimmed mean over the differences of

the log-transformed gene-count fold-change between the sample and a reference, typically set

as one of the samples in the study. To avoid spurious labelled taxonomic units, bacterial species

with OTU number less than ten were arbitrarily neglected for further analysis [28]. In this

study, the R statistical package version 3.3.3 [27] was used for data analysis. Ward’s method in

Euclidean distances was performed for hierarchical clustering of the isolates. The relative

abundance according to OTU number or taxa was used for comparison of richness among

subgroups of experiments. The normality of the data was ascertained by the Kolmogorov-

Smirnov test. Comparisons of numeric variables were performed using the Kruskal-Wallis test

with Tukey HSD post hoc test to identify significantly different bacterial taxa among different

groups. A two-sided p-values of< 0.05 indicated a statistical significance.

Results

Hierarchical clustering of the bacteria

From the metagenomic analysis, a total of 58 bacterial taxa were identified from the collected

samples of C57BL/6 mice at 16 h after CLP experiment (S1 Table). The microbiota composition

of ascites, blood, and stool was all dominated by three phyla: the Firmicutes, Proteobacteria,

and Bacteroidetes (Fig 1). At the phylum level, the bacteria identified were predominantly

members of Firmicutes (24) and Proteobacteria (23), followed by a much lower abundance of

Bacteriodetes (5) and Actinobacteria (3), and a scarce abundance of Deferribacteres (1), Teneri-
cutes (1), and Verrucomicrobia (1). Of these taxa, 18 had significantly different abundances

across different samples (ascites, blood, or stool) and were subjected to hierarchical clustering

(Fig 2). These bacteria can be divided into four groups according to their abundance pattern

across different samples (Fig 3): Group A, the abundance of the bacterium was similar in ascites

and stool but was much lower in the blood; Group B, the abundance of the bacterium was

much higher in the ascites, regardless of a much lower abundance in the blood and stool; Group

C, the abundance of the bacterium was much higher in the blood, but not in the ascites or stool;

Group D, the abundance of the bacterium was high in the stool, but was lower in the ascites and

blood.

Time-dependent expression of bacterial 16s rRNA in C57BL/6 mice

The abundances of the selected 18 bacteria in the isolated samples of C57BL/6 mice 0, 4, 8, and

16 h after CLP experiment are shown in Fig 4; they reveal the dynamic change in the abun-

dances of these bacteria during the process of polymicrobial infection. In Groups A and B,

most of the bacteria had a time-dependent increase in abundance in the ascites after the CLP

experiment. In contrast, in Groups C and D, following a presence or absence of a temporary

increase at earlier times, a decrease in the abundance most of the bacteria (except Rikenella-
ceae) in ascites was observed at 16 h after CLP experiment. In the blood, a time-dependent
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decrease in bacterial abundance in Group C and a temporary increase with a following

decrease in bacterial abundance in Group D were found.

Expression of bacterial 16s rRNA in Tlr and NF-κB knockout mice

The microbiota compositions of phyla in the stool samples of the Tlr2–/–, Tlr4–/–, Tlr5–/–, and

NF-κB–/–mice were all dominated by three phyla: the Firmicutes, Proteobacteria, and Bacteroi-
detes (Fig 5A), which were similar with that identified from the stool of C57BL/6 mice. Of

Fig 1. The microbiota composition of phyla in the samples of ascites, blood, and stool of the sham-operated C57BL/6 mice (0 h) and of the C57BL/6 mice

receiving CLP for 4 h, 8 h, and 16 h.

https://doi.org/10.1371/journal.pone.0220398.g001
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these four groups of bacteria, Groups B and D piqued our interest. The bacteria in Group B

(Lactobacillaceae, Erysipelotrichaceae, Clostridiaceae, and Enterobacteriaceae) indicated failed

bacterial clearance as there was an excessive abundance of these bacteria in the peritoneal

cavity while they were scarce in abundance in the stool. In contrast, the bacteria in Group D

(Rikenellaceae, Clostridales, S24-7, Lachnospiraceae, Ruminococcaceae, Oscillospiraceae, Rumi-
nococcaceae, and Anaeroplasmatoaceae) indicated effective bacterial clearance as there was

reduced abundance of these bacteria in the blood and in the peritoneal cavity, while the abun-

dance of the bacteria was high in the stool. CLP experiments were performed in Tlr and NF-κB
knockout mice to assess the null effect of these genes on the bacterial abundance in the isolated

samples. However, the quantity of 16S rRNA in the blood of all Tlr and NF-κB knockout mice

Fig 2. Hierarchical clustering of 18 bacterial taxa that had significantly different abundances among different samples of ascites, blood, and stool from

the metagenomic analysis in the C57BL/6 mice.

https://doi.org/10.1371/journal.pone.0220398.g002
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was not enough for metagenomic analysis, indicating that these bacteria were undetectable in

the blood. In addition, expression levels of the 16S rRNA of the Group C and D bacteria in the

ascites and stool of Tlr and NF-κB knockout mice at 16 h after CLP experiment are shown in

Fig 5B. In Tlr5–/–and NF-κB–/–mice, the pattern of bacterial expression in Group B was not

changed, which means that the abundance of bacteria in the ascites was much higher than that

in the stool; however, the bacterial clearance for Group D bacteria was remarkably impaired.

Although the bacterial load in the stool of NF-κB–/–and Tlr5–/–mice was lower than that in

C57BL/6 mice, the bacterial abundance in the ascites was remarkably increased. This indicated

that, in comparison with C57BL/6 mice, the knockout of Tlr and NF-κB5 impaired the ability

Fig 3. These bacteria can be divided into four groups according to their pattern of abundance across different samples at 16 h after cecum ligation and

puncture (CLP) in C57BL/6 mice. Group A, the abundance of the bacterium between ascites and stool was similar but was much lower in the blood; Group B,

the abundance of the bacterium in the ascites was much higher, regardless of a much lower abundance in the blood and stool; Group C, the abundance of the

bacterium was much higher in the blood, but not in the ascites or stool; Group D, the abundance of the bacterium in the stool was high, but was lower in the

ascites and blood. � indicated a significant different OUT number than those in the ascites.

https://doi.org/10.1371/journal.pone.0220398.g003

Metagenomic and bacterial infection in mice

PLOS ONE | https://doi.org/10.1371/journal.pone.0220398 July 26, 2019 7 / 15

https://doi.org/10.1371/journal.pone.0220398.g003
https://doi.org/10.1371/journal.pone.0220398


of bacterial clearance inside the peritoneal cavity for Group D bacteria. Such inhibition of bac-

terial clearance was not found in Tlr4–/–and Tlr2–/–mice, albeit the bacterial abundance of

Group D in the stool of Tlr2–/–mice was higher. Notably, the pattern of 16S rRNA expression

Fig 4. Time-dependent expression bacterial 16s rRNA from the metagenomic analysis of the isolated ascites, blood, and stool samples of C57BL/6 mice

0, 4, 8, and 16 h after CLP experiment. � indicated a significant different OUT number than those in the same sample (ascites, blood, or stool) from the sham-

control C57BL/6 mice, which were indicated as 0 h.

https://doi.org/10.1371/journal.pone.0220398.g004
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Fig 5. (A) The microbiota composition of phyla in the stool samples of the Tlr2–/–, Tlr4–/–, Tlr5–/–, and NF-κB–/–mice; (B), Hierarchical clustering of Groups B

and C bacterial taxa from the ascites and stool samples from the metagenomic analysis in the Tlr2–/–, Tlr4–/–, Tlr5–/–, and NF-κB–/–mice. Quantity of 16S rRNA

in the blood was not enough for the metagenomic analysis in the Tlr and NF-κB knockout mice.

https://doi.org/10.1371/journal.pone.0220398.g005
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in Group B bacteria was changed in the Tlr4–/–mice, as there was effective bacterial clearance

in the peritoneal cavity regardless of the abundant amount of these bacteria in the stool.

Discussion

After CLP experiment, various dynamic changes in the abundance of infectious bacteria inside

the peritoneal cavity were found. While knockout of Tlr5 and NF-κB impaired the ability of

bacterial clearance inside the peritoneal cavity for some kinds of bacteria found in the C57BL/

6 mice, the knockout of Tlr4 enhanced the bacterial clearance for other kinds of bacteria,

which presented high abundance in the peritoneal cavity despite their scarce abundance in the

stool.

In this study, Tlr5 and NF-κB were involved in the clearance of Group D bacteria, which

include members of Rikenellaceae, Clostridales, S24-7, Lachnospiraceae, Ruminococcaceae,
Oscillospira, Ruminococcaceae, and Anaeroplasmatoaceae. TLR5 contributes to antibacterial

activity by targeting the flagellated bacteria of Salmonella [29] and Pseudomonas aeruginosa
[30–32]. Activaiton of TLR5 initiates a signaling cascade and leads to the activation of NF-κB

and subsequent proinflammatory pathways [29, 33]. Engagement of TLR5 with the resulting

increased IL-1β are crucial for the clearance of bacteria by alveolar macrophages in vitro and

in vivo [34]. TLR5 signaling plays an important role in protecting the lung [35] and liver [36]

against circulating gut bacteria. Hepatocytes that lack TLR5 presented an impairment in the

clearance of flagellated bacteria from the liver [36]. Administration of flagellin, a TLR5 agonist,

restored the neutrophil response towards an N1 phenotype after burn injury and led to an

increased clearance of bacteria inoculated in the woundbed [37]. In contrast, the absence of

flagellin resulted in a slower clearance of the microorganism from the lungs and a delay time

until death [38]. Furthermore, NF-κB plays a key role in the signaling pathways of host anti-

microbial defences [11]. The inhibitor of kappa B (IκB) kinase (IKK) complex contains two

catalytic subunits (IKKα and IKKβ), controls the activation of NF-κB transcription factors,

dissociates NF-κB from IκB [39]. The NF-κB translocates into the nucleus and controls the

transcription of inflammatory genes [39]. This proinflammatory response is followed by a

compensatory immunosuppressive response that combines various functional impairment of

immune cells [40], with the subsequently activation of signals that promote the clearance of

bacterial infections [41]. Inactivation of IKKα in mice enhances inflammation and bacterial

clearance [42]. In addition, the major importance of NF-κB in the pathophysiology of sepsis

has been focused both in animals and in humans [43–45]. Deficiency of either cRel or p50,

the subunits of NF-κB, results in impaired macrophages with impaired phagocytosis and

decreased bacterial clearance, then increased mortality during sepsis [43, 44]. It has been

shown that in the lungs of mice the activation of airway epithelial NF-κB promotes the clear-

ance of Mycoplasma pneumoniae [46]; moreover, the mortality of mice with invasive Strepto-
coccus pneumoniae was reduced via the NF-κB phosphorylation pathway by pretreatment with

macrolides to significantly induce C-C motif chemokine ligand 2 (CCL2) in peritoneal macro-

phages [47].

According to our results, instead of effective bacterial clearance, bacterial infection in the

peritoneal cavity was exaggerated for the bacteria in Group B (Lactobacillaceae, Erysipelotri-
chaceae, Clostridiaceae, and Enterobacteriaceae); however, the knockout of Tlr4 enhanced bac-

terial clearance. Using hepatocytes and macrophages-specific knockout mouse strains to

characterize the function of TLRs, studies demonstrated that one of the main functions of

TLR4 on myeloid cells is to enhance phagocytosis and bacterial clearance [48]. In polymicro-

bial sepsis, the activation of TLR4 in macrophages is important for an effective bacterial phago-

cytosis [48, 49]. Absence of TLR4 on the hepatocytes actually enhanced clearance of bacteria
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during CLP [48]. The magnitude of the inflammatory response and the survival of the animals

relied on the efficiency of bacterial clearance [48]. In addition, expression of TLR4 affects gob-

let cells or lysozyme secretion and alters the composition of microbiota [50]. Moreover, TLR4

expression in the intestinal epithelium coordinates the interaction between the luminal micro-

biota and genes which are important for metabolically pathways in the host [50], thus leads to

changes of metabolic profile of the host [33, 50–53].

In this study, abundance of Group C bacteria (Halomonadaceae and Micrococcaceae) was

found to be higher in the blood than in the ascites or stool. The members of the family Halo-
monadaceae typically occur in saline lakes, solar salt facilities, saline soils, and marine environ-

ments [54]; they have been reported to contaminate the bicarbonate used in preparing dialysis

fluid and persist despite cleaning and flushing procedures [54, 55]. In addition, the family

Micrococcaceae includes bacterial genera of gram-positive cocci that inhabit the skin and air

[56]. A positive detection of bacteria from a sterile site such as blood can be due to either the

translocation of bacteria or sample contamination during phlebotomy or sample handling

[57]. The use of antiseptics to clean the venipuncture site may kill the bacteria, but does not

destroy their DNA, and thus which could still be detected by the sequencing. Furthermore,

commercially available DNA extraction kits may not be free of bacterial DNA [57]. Therefore,

we speculate that the presence of these two bacteria may be attributed to contamination during

the experiment.

In summary, we demonstrated that NF-κB and TLR are involved in bacterial clearance and

correlate with the 16S rRNA expression pattern reflecting bacterial abundance inside the peri-

toneal cavity during the process of polymicrobial infection. However, the generalization of the

results may be limited by the use of relatively few number of mice in this study and thus further

investigation in the experiment with a larger scale of mice may provide more valuable infor-

mation. Furthermore, there would be a bias in the bacterial profile once there was contamina-

tion in the study, albeit our animal center is an AAALAC-accredited specific pathogen-free

facility.
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Abstract: Background: We aimed to build a model using machine learning for the prediction
of survival in trauma patients and compared these model predictions to those predicted by the
most commonly used algorithm, the Trauma and Injury Severity Score (TRISS). Methods: Enrolled
hospitalized trauma patients from 2009 to 2016 were divided into a training dataset (70% of the
original data set) for generation of a plausible model under supervised classification, and a test dataset
(30% of the original data set) to test the performance of the model. The training and test datasets
comprised 13,208 (12,871 survival and 337 mortality) and 5603 (5473 survival and 130 mortality)
patients, respectively. With the provision of additional information such as pre-existing comorbidity
status or laboratory data, logistic regression (LR), support vector machine (SVM), and neural network
(NN) (with the Stuttgart Neural Network Simulator (RSNNS)) were used to build models of survival
prediction and compared to the predictive performance of TRISS. Predictive performance was
evaluated by accuracy, sensitivity, and specificity, as well as by area under the curve (AUC) measures
of receiver operating characteristic curves. Results: In the validation dataset, NN and the TRISS
presented the highest score (82.0%) for balanced accuracy, followed by SVM (75.2%) and LR (71.8%)
models. In the test dataset, NN had the highest balanced accuracy (75.1%), followed by the TRISS
(70.2%), SVM (70.6%), and LR (68.9%) models. All four models (LR, SVM, NN, and TRISS) exhibited
a high accuracy of more than 97.5% and a sensitivity of more than 98.6%. However, NN exhibited
the highest specificity (51.5%), followed by the TRISS (41.5%), SVM (40.8%), and LR (38.5%) models.
Conclusions: These four models (LR, SVM, NN, and TRISS) exhibited a similar high accuracy and
sensitivity in predicting the survival of the trauma patients. In the test dataset, the NN model had the
highest balanced accuracy and predictive specificity.

Keywords: neural networks (NN); logistic regression (LR); machine learning (ML); survival;
support vector machine (SVM); Trauma and Injury Severity Score (TRISS)

1. Background

Among various prediction models for mortality outcomes of trauma patients, the Trauma and
Injury Severity Score (TRISS) remains the most commonly used algorithm [1–3]. The TRISS model
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was created by logistic regression (LR) in 1987 using a small cohort of a single center to predict
survival probability [4]. In 1990, it was used to provide a comprehensive overview of outcomes in
trauma patients by the American College of Surgeons’ Major Trauma Outcome Study (MTOS) after
the evaluation of more than 80,000 patients [5]. The TRISS calculator determines the probability
of survival from age as a dichotomous variable, 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 ISS is a measure of the severity of injury using an Abbreviated Injury Scale
(AIS) [6], which scores the severity of injury on a scale of 1 to 6 for six specified anatomical regions.
The sum of the squares of the three highest AIS scores is used to calculate ISS, ranging from 1 to 75 [7].
The RTS is a weighted summation of coded variable values of the patient’s initial Glasgow Coma Scale
(GCS) score, systolic blood pressure (SBP) and respiratory rate (RR) [8].

The TRISS model has provided a good standard for survival prediction for more than 30 years
and attempts to replace TRISS have failed [9]. In a review of 90 articles on prognostic models for
general trauma patients, the TRISS model was externally validated in 43 articles [3]. Furthermore,
there were 112 TRISS-based models that were subsequently developed [3]. However, criticism of the
TRISS persisted because TRISS scores in middle ranges (25–75%) have large inconsistencies in terms
of reliability [10,11]. Thus, the results of the TRISS model differ dramatically on subsets of trauma
patients [12,13]. Furthermore the TRISS model, which was derived from a study based on the North
American trauma population, might present unvalidated results in Europe, where a substantially lower
proportion of patients suffer penetrating trauma [9], or in Asia where motorcycle or fall accidents
comprise a majority of the trauma population [14–16].

Given that the TRISS model estimates survival probability using linear statistical models and
only a small set of variables were selected for analysis, it is questionable as to whether these models
are capable of analyzing complex biological systems such as traumatized humans. Furthermore, it
is important to know whether the provision of additional information, including the presence of
pre-existing comorbidities or laboratory data, would improve the predictive performance of TRISS [17].
Nonetheless, limitations of overfitting and multicollinearity of regression analysis may preclude the
analysis of many explanatory variables. Currently, machine learning (ML) has been successfully
applied to aid in clinical diagnosis and predictive prognosis [18–20]. Examples of ML techniques
applied in a clinical setting include, but are not limited to, support vector machine (SVM), neural
networks (NN), decision trees, random forest trees, and Bayes classification. SVM and NN can be
used as a nonlinear statistical data modeling tool to deal with complex relationships and have shown
significantly better predictive performance than LR in some illness [20,21]. In our prior study that
build the ML model to predict the mortality of individual hospitalized motorcycle riders, we had
found that LR and SVM outperformed the decision tree (DT) in prediction accuracy [22]. Therefore, the
current study aimed to investigate whether the addition of more clinical variables and the application
of the SVM or NN models can improve performance, compared to TRISS, in predicting the survival
probability of trauma patients.

2. Methods

2.1. Subject and Data Preparation

This study was approved by the Institutional Review Board (IRB) of Kaohsiung Chang Gung
Memorial Hospital, a 2686-bed level I trauma center in Southern Taiwan [14–16], with approval number
201701324B0. Because of the retrospective design study, the requirement for informed consent was
waived according to the regulation of the IRB. Detailed patient information for the period January 2009
to December 2016 was retrieved from the Trauma Registry System of the hospital. Information used
included age, sex, pre-existing comorbidities [coronary artery disease (CAD), congestive heart failure
(CHF), cerebral vascular accident (CVA), diabetes mellitus (DM), end-stage renal disease (ESRD),
hypertension (HTN), vital signs (temperature, systolic blood pressure (SBP), diastolic blood pressure
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(DBP), heart rate (HR), and respiratory rate (RR) which were recorded at triage upon arrival at the
emergency department), Glasgow coma scale (GCS) score, AIS in different body regions, RTS, ISS,
and TRISS. Blood-drawn laboratory data at the emergency room, including white blood cell count
(WBC), red blood cell count (RBC), hemoglobin (Hb), hematocrit (Hct), platelets, neutrophil (%),
international normalized ratio (INR), glucose, sodium (Na), potassium (K), blood urine nitrogen (BUN),
creatinine (Cr), aspartate aminotransferase (AST), alanine aminotransferase (ALT) were also used.
Finally, in-hospital mortality was recorded. The survival prognosis of TRISS is computed based on a
logarithmic regression equation: Survival probability = 1/(1 + e-b), where b (blunt injury) = −0.4499 +

0.8085 × RTS − 0.0835 × ISS − 1.7430 × Age(index) and b (penetrating injury) = −2.5355 + 0.9934 ×
RTS − 0.0651 × ISS − 1.1360 × Age(index). The Age(index) value is set to 0 in the formula for patients
below 55 years old, and is set to 1 for patients older than 55 [4]. Those patients who had missing
laboratory data were not included in the analysis. Multiple imputation of missing values using the
Markov Chain Monte Carlo simulation was applied to deal with other missing data, which accounted
for less than 2% of the total. To avoid multicollinearity, variables that were closely correlated with
each other (Hct and Hb, AST and ALT, SBP/DBP/RR and RTS) were excluded before being subjected to
further analysis. From 2009 to 2016, all enrolled patients were divided into a training dataset (70%
of the original data set) for generation of a plausible model under supervised classification, and a
test dataset (30% of the original data set) to test the performance of the model. Among the enrolled
18,811 patients, 13,208 (12,871 survival and 337 mortality) and 5603 (5473 survival and 130 mortality)
patients comprised the training and test datasets, respectively. An additional validation dataset was
created with data randomly selected from 30% of the training dataset and 30% of the test dataset to
provide an unbiased evaluation of a model fit on the training dataset. The data in the validation dataset
was divided into ten parts with model hyperparameters being fine-tuned by a grid search with 100-fold
cross validation to determine the values that led to the best performance and avoided over fitting.

2.2. Machine Learning Modeling

2.2.1. Logistic Regression (LR)

The LR classifier used generalized liner model (glm) and step function in the stats package of
R 3.3.3 (R Foundation for Statistical Computing, Vienna, Austria) to predict the likelihood of occurrence
of survival in the trauma patients. A stepwise-selected multivariate LR was performed to identify
significant predictors of survival using forward selection and backward elimination repeatedly. The
Hosmer–Lemeshow test was used as a statistical test for goodness of fit for the LR models. A prediction
model was established based on the sum of scores calculated from these independent risk factors and
their regression coefficient.

2.2.2. Support Vector Machine (SVM)

The SVM classifier used the e1071 package in R with the tune.svm and svm functions. The SVM
classifier handles non-linear interactions [23] by estimating the optimal operating point using a grid
search with a 10-fold cross-validation varying the penalty parameter C, which determined the tradeoff

between minimization of fitting error 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 [23].

2.2.3. Neural Networks (NN)

The NN used the Stuttgart Neural Network Simulator (RSNNS) [24] with multilayer perceptron
(mlp) method and Std_Backpropagation parameter in R to create the model. The models contained
three layers: an input layer, two layers of hidden nodes, and a single output node. Thirty-one input
variables were applied in the current models. The number of hidden layer neurons was determined
through trial and error during the selection of a predictive network with the best sensitivity and
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specificity. Tuning parameters included the number of nodes in the hidden layer optimized between
one and 20, maximal of iterations to learn was set to 200, and other parameters were set to default
for the training process. Iterations occurred until the error did not significantly decrease to avoid
over-training and to enhance the capacity for generalization [25].

2.3. Predictive Performance

The accuracy, sensitivity, and specificity of the four models (LR, SVM, NN, and TRISS) were
calculated. Discrimination of the models was assessed according to the area under the curve (AUC) of
the receiver operating characteristic curves (ROCs) using the roc and roc.test functions in the pROC
package in R, as this approach allowed for comparison of two or more empirical curves that were
constructed from tests performed on the same individuals [26]. Based on a confusion matrix, the
balanced accuracy is given by 1/2 × (true-positive/positive + true-negative/negative) to deal with
imbalanced datasets. Somers’ Dxy rank correlation coefficient, c-index, R2, and Brier score of these
models were calculated. Somers’ Dxy assesses the predictive discrimination with measured probability
of concordance minus the probability of discordance between predicted outcomes and observed
outcomes [27]. The C-index is a measure of how well the model can discriminate between those who
survive and those that do not; the model is considered to have outstanding discrimination when the
c-index score >0.9.

Calibration curves were used to determine the degree of agreement between predicted probabilities
and observed outcomes. The R2 quantifies the goodness-of-fit of a model [28], with an R2 = 1 indicating
that the regression line perfectly fits the data. The Brier score is defined as the mean squared difference
between the predicted probability and the actual outcome and presents an overall measure of model
performance [29]. Brier scores vary between 0 and 1, a lower Brier score is indicative of a better
calibrated prediction.

2.4. Statistical Analyses

All statistical analyses were performed using SPSS 23.0 (IBM Inc., Chicago, IL, USA) or R 3.3.3.
For categorical variables, we used chi-square tests to determine the significance of the association
between variables. For continuous variables, we used Kolmogorov–Smirnov test to analyze the
normalization of the distributed data and used Mann–Whitney U tests to analyze non-normally
distributed data. Results are presented as median ± interquartile range (IQR). A p-value <0.05 was
taken as statistically significant.

3. Results

3.1. Patient Demographics

Among the enrolled 18,811 patients, there were 18,344 survival and 467 mortality outcomes.
Except for CVA history, there were statistically significant differences in all variables between survival
and fatal patients, including age, gender, pre-existing comorbidities, HR, temperature, GCS, AIS in
different body region, ISS, RTS, and blood-drawn laboratory data (Tables 1 and 2). Thirty-one variables
were used for imputation in the ML classifiers.

Table 1. Continuous variables of patient characteristics of those trauma patients who survived or not.

Variables
Total Survival

P-Value
(n = 18,811) No (n = 467) Yes (n = 18,344)

Age (years) 51 (30, 66) 63 (44, 76) 50 (30, 66) <0.001
HR (times/min) 86 (75, 98) 95 (78, 114) 86 (75, 98) <0.001
Temperature (◦C) 36.5 (36.2, 36.9) 36.2 (36.0, 36.7) 36.5 (36.2, 36.9) <0.001
WBC (103/uL) 10.6 (8.1, 14.1) 12.8 (9.2, 18.1) 10.6 (8.1, 14.0) <0.001
RBC (106/uL) 4.5 (4.1, 4.9) 4.0 (3.4, 4.6) 4.5 (4.1, 4.9) <0.001
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Table 1. Cont.

Variables
Total Survival

P-Value
(n = 18,811) No (n = 467) Yes (n = 18,344)

Hb (g/dL) 13.3 (12.0, 14.6) 11.9 (10.2, 13.9) 13.3 (12.0, 14.6) <0.001
Platelets (103/uL) 216.0 (177.0, 260.0) 180.0 (135.0, 227.0) 217.0 (178.0, 260.0) <0.001
Neutrophil (%) 77.7 (66.9, 85.0) 76.7 (60.8, 85.0) 77.70 (67.00, 85.00) 0.014
INR 1.0 (1.0, 1.1) 1.1 (1.0, 1.3) 1.0 (1.0, 1.1) <0.001
Glucose (mg/dL) 128.0 (111.0, 158.0) 186.0 (141.5, 253.5) 128.0 (111.0, 156.0) <0.001
Na (mEq/L) 139.0 (137.0, 140.0) 138.0 (136.0, 141.0) 139.0 (137.0, 140.0) 0.007
K (mEq/L) 3.7 (3.5, 4.0) 3.6 (3.1, 4.0) 3.7 (3.5, 4.0) <0.001
BUN (mg/dL) 13.0 (10.0, 17.0) 16.0 (12.0, 22.0) 13.0 (10.0, 17.0) <0.001
Cr (mg/dL) 0.8 (0.7, 1.0) 1.0 (0.8, 1.4) 0.8 (0.7, 1.0) <0.001
ALT (U/L) 23.0 (17.0, 37.0) 27.0 (17.0, 48.5) 23.0 (17.0, 36.0) <0.001
GCS 15 (15, 15) 6 (3, 13) 15 (15, 15) <0.001
ISS 9 (4, 10) 25 (16, 29) 9 (4, 10) <0.001
RTS 8 (8, 8) 5.9 (4.1, 6.9) 7.8 (7.8, 7.8) <0.001
TRISS 1.0 (1.0, 1.0) 0.68 (0.36, 0.91) 0.98 (0.97, 1.00) <0.001

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; WBC: white blood cells. These continuous data are expressed
with median and interquartile range.

Table 2. Categorical variables of patient characteristics of those trauma patients who survived or not.

Variables
Total Survival

P-Value
(n = 18,811) No (n = 467) Yes (n = 18,344)

Sex
Female 7817 (41.6%) 168 (36.0%) 7649 (41.7%)

0.015Male 10,994 (58.4%) 299 (64.0%) 10,695 (58.3%)

CVA
No 18,116 (96.3%) 443 (94.9%) 17,673 (96.3%)

0.121Yes 695 (3.7%) 24 (5.1%) 671 (3.7%)

HTN
No 14,011 (74.5%) 308 (66.0%) 13,703 (74.7%)

<0.001Yes 4800 (25.5%) 159 (34.1%) 4641 (25.3%)

CAD
No 18,203 (96.8%) 430 (92.1%) 17,773 (96.9%)

<0.001Yes 608 (3.2%) 37 (7.9%) 571 (3.1%)

CHF
No 18,664 (99.2%) 459 (98.3%) 18,205 (99.2%)

0.04Yes 147 (0.8%) 8 (1.7%) 139 (0.8%)

ESRD
No 18,493 (98.3%) 436 (93.4%) 18,057 (98.4%)

<0.001Yes 318 (1.7%) 31 (6.6%) 287 (1.6%)

DM
No 16,278 (86.5%) 380 (81.4%) 15,898 (86.7%)

0.001Yes 2533 (13.5%) 87 (18.6%) 2446 (13.3%)

AIS (Head)

0 13,511 (71.8%) 83 (17.8%) 13,428 (73.2%)

<0.001

1 1119 (6.0%) 12 (2.6%) 1107 (6.0%)
2 463 (2.5%) 9 (1.9%) 454 (2.5%)
3 1490 (7.9%) 31 (6.6%) 1459 (8.0%)
4 1711 (9.1%) 102 (21.8%) 1609 (8.8%)
5 502 (2.7%) 217 (46.5%) 285 (1.6%)
6 15 (0.1%) 13 (2.8%) 2 (0.0%)

AIS (Face)

0 15,921 (84.6%) 402 (86.1%) 15,519 (84.6%)

<0.001
1 961 (5.1%) 13 (2.8%) 948 (5.2%)
2 1885 (10.0%) 47 (10.1%) 1838 (10.0%)
3 44 (0.2%) 5 (1.1%) 39 (0.2%)

AIS
(Thorax)

0 16,587 (88.2%) 359 (76.9%) 16,228 (88.5%)

<0.001

1 383 (2.0%) 11 (2.4%) 372 (2.0%)
2 538 (2.9%) 10 (2.1%) 528 (2.9%)
3 904 (4.8%) 45 (9.6%) 859 (4.7%)
4 376 (2.0%) 35 (7.5%) 341 (1.9%)
5 22 (0.1%) 6 (1.3%) 16 (0.1%)
6 1 (0.0%) 1 (0.2%) 0 (0.0%)
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Table 2. Cont.

Variables
Total Survival

P-Value
(n = 18,811) No (n = 467) Yes (n = 18,344)

AIS (Abdomen)

0 17,531 (93.2%) 409 (87.6%) 17,122 (93.3%)

<0.001

1 109 (0.6%) 2 (0.4%) 107 (0.6%)
2 623 (3.3%) 25 (5.4%) 598 (3.3%)
3 377 (2.0%) 14 (3.0%) 363 (2.0%)
4 135 (0.7%) 15 (3.2%) 120 (0.7%)
5 36 (0.2%) 2 (0.4%) 34 (0.2%)

AIS (Extremity)

0 5259 (28.0%) 307 (65.7%) 4952 (27.0%)

<0.001

1 1243 (6.6%) 9 (1.9%) 1234 (6.7%)
2 7080 (37.6%) 76 (16.3%) 7004 (38.2%)
3 5186 (27.6%) 63 (13.5%) 5123 (27.9%)
4 36 (0.2%) 9 (1.9%) 27 (0.2%)
5 7 (0.0%) 3 (0.6%) 4 (0.0%)

AIS (External)

0 16,627 (88.4%) 417 (89.3%) 16,210 (88.4%)

<0.001

1 1835 (9.8%) 28 (6.0%) 1807 (9.9%)
2 187 (1.0%) 2 (0.4%) 185 (1.0%)
3 88 (0.5%) 0 (0.0%) 88 (0.5%)
4 17 (0.1%) 1 (0.2%) 16 (0.1%)
5 37 (0.2%) 9 (1.9%) 28 (0.2%)
6 20 (0.1%) 10 (2.1%) 10 (0.1%)

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.

3.2. Construction of the ML Classifiers

Logistic regression identified 19 predictors (CHF, INR, CAD, Cr, ISS, WBC, age, HR, platelets,
neutrophil, Na, Hb, AIS-Thorax, GCS, HTN, temperature, AIS-Extremity, RTS, AIS-Face) as independent
risk factors for survival (Appendix A Table A1), with ISS and age being the most important two features
that determine the survival of an individual trauma patient (Appendix A Table A2). The SVM classifier
was used to predict mortality, taking inputs from all 31 variables, with two parameters (C, γ) being
determined by a grid search of 2x, where x is an integer between −20 and 4 for both C and γ. The
values which gave the highest 100-fold cross-validation accuracy were C = 0.003906 and γ = 0.003906.
The constructed NN model (RSNNS) included 31 inputs, five neurons in the first hidden layer and
18 neurons in the second hidden layer, and one output neuron. A single output node indicated the
probability of survival.

3.3. Performance of the ML Classifiers

All four models established in the training process had an accuracy and sensitivity of more than
98% (Table 3). Because there was a higher rate of survival than mortality across the patient cohort, this
fact would be accompanied by a higher accuracy and sensitivity in predicting survival. Consequently,
we focused on the level of specificity of these models. NN had the highest specificity (72.7%), followed
by the TRISS (71.2%), SVM (50.8%), and LR (45.1%) models. All four models had a high accuracy
exceeding 97.5% and a sensitivity of more than 98.6%. For balanced accuracy in validation dataset,
NN (82.0%, 95% CI: 81.8–82.2%) and the TRISS (82.0%, 95% CI: 81.6–82.0%) presented the highest
score, followed by SVM (75.2%, 95% CI: 74.9–75.5%), and LR (71.8%, 95% CI: 71.5–72.1%) models. In
the test dataset, NN exhibited the highest score of balanced accuracy (75.1%), followed by the TRISS
(70.2%), SVM (70.6%), and LR (68.9%) models. In addition, NN exhibited the highest specificity (51.5%),
followed by the TRISS (41.5%), SVM (40.8%), and LR (38.5%) models.

A comparison of AUCs of the ROCs among these four models for the training dataset (Figure 1),
demonstrated that the LR (AUC 0.967) model had a significantly higher AUC than the NN (AUC 0.959)
and TRISS (AUC 0.934) models; SVM (0.964) had a significantly higher AUC than TRISS; however, there
was no significant difference in AUC between LR and the SVM nor between SVM and NN. In addition,
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NN had a significant higher AUC than TRISS. In the test dataset, both LR (AUC 0.958) and SVM
(AUC 0.964) had a significantly higher AUC than NN (AUC 0.944) and TRISS (AUC 0.930); however,
there no significant difference in AUC between LR and the SVM models was apparent. In addition, NN
had a significantly higher AUC than TRISS. In either the training or test datasets, the TRISS exhibited a
significantly worse performance in predicting survival than the three remaining models.

Table 3. Survival prediction performance (i.e., accuracy, sensitivity, and specificity) for the logistic
regression (LR), support vector machine (SVM), neural network (NN), and The Trauma and Injury
Severity Score (TRISS) models in the train, validation, and test datasets.

Models Train Validation Test

LR

Accuracy (95% CI) 98.2% 97.9% (97.7–98.1%) 97.8%
Balanced Accuracy (95% CI) 72.3% 71.8% (71.5–72.1%) 68.9%

Sensitivity (95% CI) 99.6% 99.5% (99.4–99.6%) 99.3%
Specificity (95% CI) 45.1% 44.1% (41.1–47.1%) 38.5%

SVM

Accuracy (95% CI) 98.2% 98.0% (97.8–98.2%) 97.8%
Balanced Accuracy (95% CI) 75.1% 75.2% (74.9–75.5%) 70.6%

Sensitivity (95% CI) 99.5% 99.4% (99.3–99.5%) 99.2%
Specificity (95% CI) 50.8% 51.0% (47.9–54.1%) 40.8%

NN

Accuracy (95% CI) 98.7% 98.3% (98.1–98.5%) 97.5%
Balanced Accuracy (95% CI) 86.1% 82.0% (81.8–82.2%) 75.1%

Sensitivity (95% CI) 99.4% 99.3% (99.4–99.5%) 98.6%
Specificity (95% CI) 72.7% 64.4% (62.7–66.1%) 51.5%

TRISS

Accuracy (95% CI) 99.0% 98.5% (98.3–98.7%) 97.6%
Balanced Accuracy (95% CI) 85.5% 82.0% (81.6–82.0%) 70.2%

Sensitivity (95% CI) 99.8% 99.5% (99.4–99.6%) 98.9%
Specificity (95% CI) 71.2% 64.5% (62.8–66.2%) 41.5%
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The calibration curves of these four predictions demonstrated a non-significant miscalibration in
model development, with small differences between models. The LR model generated a nonparametric
line close to the ideal diagonal line with the highest R2 (0.569) and with a Brier score of 0.014 (Figure 2),
while the NN had the smallest R2 and lowest Brier score (0.010). By contrast, the TRISS model exhibited
deviation from the ideal diagonal line and there was a clear difference between the predicted probability
and the actual outcome, especially for those individuals who had low predicted probability.

4. Discussion

More predictive variables may lead to a more accurate performance for LR models such as TRISS.
In a review of 90 articles on prognostic models for the general trauma population [3], the lowest
AUCs were found in a model with age and comorbidities as predictors (AUC 0.59). In the Kampala
Trauma Score (KTS) (AUC 0.62), which is calculated using the patient’s age, SBP, RR, neurologic status
(alert, responds to voice, responds to pain, or unresponsive), and number of serious injuries [30], the
highest AUC was found for a TRISS-based model with updated coefficients based on goodness-of-fit
for their own study population (AUC 0.98) [3]. Furthermore, the inclusion of dichotomized, categorical,
or continuous predictors in the models may result in differences in predictive performance. The
comparison of the TRISS model with TRISS-based models that incorporated different measurement
levels for age or ISS [3,31,32] revealed that models with categorical variables presented better calibration
and discrimination compared with dichotomized variables, and models that included continuous
variables showed even better calibration and discrimination [24,31,32].

Theoretically, models that included predictors from all categories (physiological, anatomical, and
demographic variables, and injury cause/mechanism) show better discrimination compared to models
incorporating only one or two categories. However, systematic reviews have demonstrated that
adding more predictors to the basic TRISS-model did not always result in better performance [33,34].
Although more predictive variables may lead to a more accurate performance, the complex interaction
among these independent and dependent variables may hinder their predictive performance. It is
also recognized that with the increased number of potential risk factors, the complexity of the models
can cause over-fitting and yield implausible results. The TRISS-based models included acute ethanol
poisoning as an additional predictor showed even worse discriminatory power [35]. Furthermore, the
variable chosen as an input to the model should be practical. For example, base deficit could be an
important predictor for mortality for trauma patients. However, base deficit is mostly assessed only in
severely injured patients [36] and often would not be recorded and would therefore be presented as
a missing value in the general trauma population. Therefore, it is not practical to incorporate base
deficit into the model to predict mortality for the general trauma population. Likewise, as more input
variables are included in the model, the problem of increasing rates of missing values becomes difficult
to overcome [3].

One study used 16 anatomical and physiological predictor variables to predict mortality outcomes
in 10,609 trauma patients and revealed that the performance of the NN (AUC 0.912) exceeded that of
the TRISS (AUC 0.895) model [37]. The NN model was more accurate and outperformed the LR model
in predicting in-hospital mortality for patients in critical care [38] and under mechanical ventilation [39].
In this study, although SVM and NN were both expected to handle complex nonlinear relationships
between independent and dependent variables better than LR [40,41], the SVM outperformed the NN
in the test dataset, and there was no significant difference in AUC values between the LR and SVM. The
performance of an ANN depends on the number of parameters, network weights, the selection of an
appropriate training algorithm, the type of transfer functions used, and the determination of network
size [42]. Neural networks require initialization and adjustment of many individual parameters to
optimize the performance of the classification. The NN model was developed empirically and can be
over-fitted for training data [42]. Many researchers have compared NN versus LR models and found
that NN and LR models have similar classification performance [42]. Nonetheless, inferences about the
explanatory variables of NN are more difficult to interpret than those derived from LR analysis [43]. In
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addition, the employment of kernels in SVM help the model learn non-linear decision boundaries,
allowing the classifier to solve more complex data than linear analytic methods [44] and the SVM
boundary is only minimally influenced by outliers [45].

Some limitations of this study include the following: First, patients declared dead on arrival at the
emergency room were not recorded in the registered database and this may have resulted in a selection
bias [15,16]. Furthermore, because the registered trauma data included only in-hospital mortality but
no information regarding mortalities at 30 days or a longer, additional selection biases in assessing
mortality may be present. Second, we included more variables, such as preexisting comorbidities
and laboratory data, to improve prediction performance. However, collection of physiological and
laboratory data at the time of arrival at the emergency department may not reflect further changes
in hemodynamics and metabolic variables of patients who were under possible management or
resuscitation. The lack of specific mortality-related information, including resuscitation or mechanism
of trauma may have limited the accuracy of the prediction model. Third, this study was unable to
assess the effects of any one particular treatment intervention, especially surgical interventions to the
patients. We can only assume that these treatments were uniform across the population data. Fourth,
our analysis used only single-center data obtained in southern Taiwan, which may not be representative
of other populations. Further, in the study, we had chosen the RSNNS as one representative of NN
models because it performed better than other ANN packages in R (data not shown). Although the
results of the NN model seemed unimpressive, we believe that NN models may still be valuable in
predicting the outcomes of trauma because NN algorithms are evolving quickly. Further, although
the addition of more clinical variables or the application of the SVM or NN models can significantly
improve the predictive performance compared to that of TRISS, the improvement was modest. It
may be argued that it may not be worth getting such improvements by using much more complex
input variables than the TRISS model. However, we believe that in the future, real-time processing of
monitored patient data will reduce the burden of such laborious works. In addition, random forests
is an important class of ML models with a different conception than the other models. Whether it
can improve the predictive performance is worthy for further investigation but not explored in this
study. Finally, because of low specificity of above ML models in predicting survival, an ensemble of
regressors from these different models may be worthy to be built to test whether it can improve the
predictive power.

5. Conclusions

In this study, we demonstrated that these four models (LR, SVM, NN, and TRISS) exhibited a
similar high accuracy and sensitivity in predicting the survival of the trauma patients. In addition,
in the test dataset, the NN model had the highest balanced accuracy and predictive specificity out
of the four models tested. The results of this study may provide encouraging information for the
development of a new NN prediction model that can be integrated into trauma care systems to predict
survival of trauma patients.
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Appendix A

Table A1. The independent risk predictors factors and the coefficient in LR model.

Variables Coefficient

Intercept −19.2709
CHF −1.040
INR −0.747
CAD −0.549

Cr −0.182
ISS −0.095

WBC −0.069
Age −0.040
HR −0.012

Platelets 0.005
neutrophil 0.027

Na 0.065
Hb 0.124

AIS-Thorax 0.127
GCS 0.183
HTN 0.253

Temperature 0.293
AIS-Extremity 0.324

RTS 0.384
AIS-Face 0.424

Table A2. The importance of predictive features in LR model.

Odds Ratio 2.5% 97.5% Importance

ISS 0.91 0.90 0.92 12.40
Age 0.96 0.95 0.97 8.68

AIS-Extremity 1.38 1.23 1.56 5.28
Cr 0.83 0.78 0.90 5.05

neutrophil 1.03 1.02 1.04 4.85
WBC 0.93 0.91 0.96 4.82

Platelets 1.01 1.00 1.01 4.47
INR 0.47 0.34 0.67 4.41
GCS 1.20 1.10 1.31 3.96

AIS-Face 1.53 1.24 1.90 3.92
Na 1.07 1.03 1.10 3.78
HR 0.99 0.98 0.99 3.65
Hb 1.13 1.06 1.21 3.64

Temperature 1.34 1.10 1.64 2.85
RTS 1.47 1.11 1.94 2.71

AIS-Thorax 1.14 1.01 1.28 2.11
CHF 0.35 0.14 1.15 1.93
CAD 0.58 0.34 1.03 1.93
HTN 1.29 0.91 1.83 1.42
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impact of stress-induced 
hyperglycemia on the outcome 
of children with trauma: A 
cross-sectional analysis based 
on propensity score-matched 
population
Yi-Wen tsai  1,5, Shao-Chun Wu2,5, Chun-Ying Huang3, Shiun-Yuan Hsu3, Hang-Tsung Liu3 & 
ching-Hua Hsieh4*

This was a retrospective study of pediatric trauma patients and were hospitalized in a level-1 trauma 
center from January 1, 2009 to December 31, 2016. Stress-induced hyperglycemia (SIH) was defined 
as a hyperglycemia level ≥200 mg/dL upon arrival at the emergency department without any history 
of diabetes or a hemoglobin A1c level ≥6.5% upon arrival or during the first month of admission. The 
results demonstrated that the patients with SIH (n = 36) had a significantly longer length of stay (LOS) 
in hospital (16.4 vs. 7.8 days, p = 0.002), higher rates of intensive care unit (ICU) admission (55.6% vs. 
20.9%, p < 0.001), and higher in-hospital mortality rates (5.6% vs. 0.6%, p = 0.028) compared with 
those with non-diabetic normoglycemia (NDN). However, in the 24-pair well-balanced propensity 
score-matched patient populations, in which significant difference in sex, age, and injury severity 
score were eliminated, patient outcomes in terms of LOS in hospital, rate of ICU admission, and in-
hospital mortality rate were not significantly different between the patients with SIH and NDN. The 
different baseline characteristics of the patients, particularly injury severity, may be associated with 
poorer outcomes in pediatric trauma patients with SIH compared with those with NDN. This study also 
indicated that, upon major trauma, the response of pediatric patients with SIH is different from that of 
adult patients.

Hyperglycemia is defined as serum glucose level >200 mg/dL. A positive correlation was observed between 
hyperglycemia upon admission and poor outcome in patients with trauma1–4. Hyperglycemia is not always attrib-
uted to diabetes mellitus, and in some cases, it may be secondary to stress5. Hyperglycemia may be part of the 
neuroendocrine response to stress in critically ill patients or those with trauma6,7. The hemodynamic response 
was described in the literature as a combination of high plasma catecholamine levels, increased sympathetic activ-
ity, and increased cortisol levels that regulate cardiac output, blood pressure, and end-organ perfusion6,8,9. These 
mechanisms may alter carbohydrate metabolism, which include increased gluconeogenesis, depressed glycogen-
esis, glucose intolerance, and insulin resistance, as a result of decreased glucose uptake in the skeletal muscle10,11.

Stress-induced hyperglycemia (SIH) is a type of hyperglycemia that is secondary to stress, and it com-
monly occurs in patients with trauma1,2,10,12,13 or with critical illness14. SIH, but not diabetic hyperglycemia, was 
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associated with a significantly higher mortality risk in patients with trauma13,15–17. Moreover, SIH is associated 
with a 3-fold higher odds of mortality than non-diabetic normoglycemia (NDN) in patients with trauma15. 
However, studies about the outcome of patients with trauma who presented with SIH in pediatric patients were 
limited. Therefore, in this study, we aimed to assess the impact of SIH compared with NDN on the outcomes of 
pediatric patients with trauma in the selected propensity-score-matched patient population. This study primarily 
hypothesized that patients with SIH had a worse outcome than those with NDN.

Methods
Ethical statement. The institutional review board (IRB) of Chang Gung Memorial Hospital had preap-
proved this study before its initiation (approval number: 201800884B0). The need for informed consent was 
waived according to IRB regulations.

Data source and study population. This retrospective study reviewed the data of all hospitalized patients 
with trauma who were registered in the Trauma Registry System of the hospital18,19 from January 1, 2009 to 
December 31, 2016. The patients were diagnosed with hyperglycemia if they presented with serum glucose level 
≥200 mg/dL upon arrival to the emergency department (ED) based on the current criteria of the American 
Diabetes Association20, and SIH was defined as the presence of hyperglycemia without any history of diabe-
tes or hemoglobin A1c (HbA1c) level ≥6.5% upon arrival or during the first month of admission15–17. NDN 
was defined as serum glucose levels <200 mg/dL upon arrival at the ED without history of diabetes or hemo-
globin A1c (HbA1c) level ≥6.5% upon arrival or during the first month of admission. Only pediatric patients 
aged 2–19 years with available data about serum glucose levels upon admission were included in the study, and 
those patients with incomplete registered data were excluded from this study. A detailed patient information was 
retrieved, which included the following variables: sex, age, trauma mechanisms (driver of motor vehicle, passen-
ger of motor vehicle, driver of motorcycle, passenger of motorcycle, bicycle, pedestrian, fall, and strike by/against 
object like assault or hit with wall or heavy object), associated injuries, abbreviated injury scale (AIS) score in 
different body regions, injury severity score (ISS), serum glucose level upon arrival at the ED, and complications 
such as pneumonia, urinary tract infection, wound infection, acute respiratory failure, upper gastrointestinal 
bleeding, and fat embolism. Isolated AIS ≥3 body region was also recorded, considering that a patient with AIS 
≥3 in two or more different body regions was considered to have polytrauma21. The primary outcome of this 
study was in-hospital mortality, and the secondary outcome was length of stay (LOS) in the hospital and admis-
sion rate in the intensive care unit (ICU).

Statistical analysis. The unpaired student’s t-test and the Mann–Whitney U test were used to analyze nor-
mally and non-normally distributed continuous data, which were expressed as mean with standard deviation 
and median with interquartile range (IQR: Q1–Q3), respectively. Categorical data were expressed as number and 
frequency (%) and were compared using two-sided Fisher’s exact or Pearson’s chi-square tests with the presenta-
tion of odds ratios (ORs) with 95% confidence intervals (CIs). To minimize the confounding effects of sex, age, 
and injury severity of patients on outcome measurements, a logistic regression model was used to calculate the 
propensity scores with the following covariates: sex, age, and ISS. Subsequently, 1:1-propensity score-matched 
patient populations were established using the Greedy method with a 0.2-caliper width using the NCSS 10 soft-
ware (NCSS statistical software, Kaysville, UT, the USA) for the assessment of the impact of SIH compared with 
NDN on the outcomes. All statistical analyses were performed using the Statistical Package for the Social Sciences 
software for Windows version 22 (IBM Corp., Armonk, NY, the USA). p-values less than 0.05 were considered 
statistically significant.

Results
Characteristics of patients with SIH and NDN. A total of 1,058 non-diabetic patients with trauma, aged 
2–19 years, were included in the study. The patients were divided into two groups: SIH group (n = 36) and NDN 
group (n = 1,022). As shown in Table 1, no significant difference was observed in terms of sex and age between 
patients with SIH and NDN. Head trauma is most frequently associated with SIH, followed by injuries to the 
extremity, abdomen, and thoracic regions (Table 2). Regarding the injured body regions with an AIS score ≥3, 
significantly higher rates were observed for head/neck, thorax, abdomen, and external injuries in patients with 
SIH compared with those with NDN (Table 1). Regarding the body regions with an isolated AIS score ≥3, signif-
icantly higher rates were only observed for external injuries, but not for head/neck, thorax, and abdomen inju-
ries, in patients with SIH than those with NDN. In addition, patients with SIH had significantly higher ISS than 
those with NDN (median [IQR]: 17.5 [9.0–28.3] vs. 5.0 [4.0–10.0]; p < 0.001). When stratified by injury severity 
(ISS < 16, 16–24, or ≥25), the number of patients with SIH who had an ISS of 16–24 and ≥25 was higher, and the 
number of patients with SIH who had an ISS <16 was lower than that of patients with NDN.

Patient outcomes. Patients with SIH had a significantly longer LOS in the hospital (16.4 vs. 7.8 days, 
p = 0.002) and higher rates of ICU admission (55.6% vs. 20.9%, respectively, p < 0.001) than those with NDN 
(Table 1). The mortality rate was significantly higher in patients with SIH than those with NDN (5.6% vs. 0.6%, 
p = 0.028). However, in the developed 24 pair well-balanced propensity score-matched patient populations, who 
did not present with significant differences in sex, age, and ISS (Table 3), no significant difference was observed 
in patient outcomes in terms of LOS in the hospital (13.5 vs. 9.0 days, p = 0.099), rate of ICU admission (50.0% 
vs. 37.5%, p = 0.561), and in-hospital mortality rate (4.2% vs. 8.3%, p = 0.982) in pediatric patients with trauma 
who presented with SIH and NDN (Table 4). For the commonly-seen complications, the patients with SIH had a 
higher rate of pneumonia than those patients with NDN (5.6% vs. 0.4%, p < 0.001). However, these pneumonia 
occurred as ventilator-related complication and was only found in two patients with SIH and 4 patients with 
NDN (Table 5).
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Discussion
This study revealed that the pediatric trauma patients who presented with SIH had a significantly poor outcome 
than those with NDN. However, after controlling for sex, age, and ISS, no significant difference was observed in 
the outcomes in terms of length of hospital stay, rate of ICU admission, and in-hospital mortality rate between 
pediatric patients with trauma who presented with SIH and NDN, indicating that the different baseline character-
istics of the patients, particularly injury severity, may be associated with poor outcomes (a longer hospital stay as 
well as a higher rate of ICU admission and in-hospital mortality) in pediatric patients with trauma who presented 
with SIH but not in those with NDN. In adult patients with trauma, a positive correlation between SIH and poor 
outcome was observed even after adjusting the baseline difference of injury severity15–17. In pediatric patients 
with trauma, it had been reported that a 50% mortality rate was found if there is an extreme stress hyperglycemia 
(>300 mg/dL)14 and the presence of SIH was a marker of poor outcome and was associated with an extremely 
high mortality rate22. However, according to the results of this study, the impact of SIH on mortality is differ-
ent between the pediatric and adult patients with trauma. After controlling baseline difference of sex, age, and 
injury severity, SIH was not associated with a higher mortality in the pediatric patients with trauma. In addition, 
although in severely injured children, hyperglycemia had been reported to be correlated to an increased incidence 
of infection23 and organ dysfunction24, only the rate of pneumonia was significantly higher in pediatric trauma 
patients with SIH than those patients with NDN. Furthermore, in this study, 36 of 1,058 (2.84%) non-diabetic 
pediatric patients with trauma had SIH. In comparison with our prior published article that 493 of 8,299 (5.94%) 
non-diabetic adult trauma patients had SIH15, albeit the difference of injury severity was not considered. The 

Variables
SIH
(n = 36)

NDN 
(n = 1,022) P

Sex, n (%) 0.855

   Male 24(66.7) 707(69.2)

   Female 12(33.3) 315(30.8)

Age, years 12.6 ± 5.7 14.4 ± 4.9 0.073

Mechanisms, n (%)

   Driver of motor vehicle 0(0.0) 5(0.5) 1.000

   Passenger of motor vehicle 0(0.0) 12(1.2) 1.000

   Driver of motorcycle 12(33.3) 442(43.2) 0.304

   Passenger of motorcycle 6(16.7) 99(9.7) 0.249

   Bicycle 3(8.3) 86(8.4) 1.000

   Pedestrian 4(11.1) 17(1.7) 0.004

   Fall 8(22.2) 232(22.7) 1.000

   Strike by/against object 3(8.3) 129(12.6) 0.610

AIS ≥3, n (%)

   Head/Neck 17(47.2) 192(18.8) <0.001

   Face 1(2.8) 3(0.3) 0.129

   Thorax 5(13.9) 35(3.4) 0.009

   Abdomen 9(25.0) 39(3.8) <0.001

   Extremity 11(30.6) 228(22.3) 0.309

   External 2(5.6) 4(0.4) <0.001

Isolated AIS ≥3, n (%)

   Head/Neck 9(25.0) 164(16.0) 0.153

   Face 0(0.0) 2(0.2) 0.790

   Thorax 1(2.8) 12(1.2) 0.391

   Abdomen 2(5.6) 22(2.2) 0.178

   Extremity 4(11.1) 205(20.1) 0.185

   External 2(5.6) 4(0.4) <0.001

   ISS, median (IQR) 17.5(9.0–28.3) 5.0(4.0–10.0) <0.001

   <16 13(36.1) 849(83.1) <0.001

   16–24 11(30.6) 126(12.3) 0.004

   ≥25 12(33.3) 47(4.6) <0.001

   LOS (days) 16.4 ± 15.1 7.8 ± 9.0 0.002

   ICU, n (%) 20(55.6) 214(20.9) <0.001

   Mortality, n (%) 2(5.6) 6(0.6) 0.028

Table 1. Characteristics of injury and pediatric trauma patients who presented with stress-induced 
hyperglycemia (SIH) and non-diabetic normoglycemia (NDN). AIS = Abbreviated Injury Scale; 
ICU = intensive care unit; IQR = interquartile range; ISS = injury severity score; LOS = length of stay.
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incidence of SIH is lower in the pediatric patients than the adult patients. This study also indicated that, upon 
major trauma, the response of pediatric patients with SIH is different from that of adult patients.

Variables Associated injuries

Head trauma, n (%)

   Epidural hematoma (EDH) 8 (22.2)

   Subdural hematoma (SDH) 10 (27.8)

   Subarachnoid hemorrhage (SAH) 7 (19.4)

   Intracerebral hematoma (ICH) 1 (2.8)

   Cerebral contusion 6 (16.7)

Maxillofacial trauma, n (%)

   Maxillary fracture 4 (11.1)

   Mandibular fracture 1 (2.8)

Thoracic trauma, n (%)

   Hemothorax 1 (2.8)

   Pneumothorax 3 (8.3)

   Hemopneumothorax 1 (2.8)

   Lung contusion 2 (5.6)

Abdominal trauma, n (%)

   Hepatic injury 5 (13.9)

   Splenic injury 4 (11.1)

   Renal injury 2 (5.6)

   Lumbar vertebral fracture 1 (2.8)

Extremity trauma, n (%)

   Humeral fracture 1 (2.8)

   Radial fracture 7 (19.4)

   Ulnar fracture 3 (8.3)

   Pelvic fracture 5 (13.9)

   Femoral fracture 7 (19.4)

   Tibia fracture 5 (13.9)

   Fibular fracture 5 (13.9)

Table 2. Associated injuries in the body regions of patients with SIH.

SIH vs. NDN

Propensity-score matched cohort

SIH (n = 24) NDN (n = 24) OR (95% CI) P

Sex, n (%) 0.517

Male 16(66.7) 19(79.2) 0.5(0.14–1.93)

Female 8(33.3) 5(20.8) 1.9(0.52–6.97)

Age, years 13.5 ± 5.2 13.5 ± 5.2 — 1.000

ISS, median (IQR) 13.0(5.0–24.3) 13.0(5.0–24.3) — 1.000

Table 3. Controlled variables (sex, age, and injury severity score [ISS]) in the developed well-balanced 
propensity-score matched cohort. IQR = interquartile range; ISS = injury severity score; NDN = nondiabetic 
normoglycemia; OR = odds ratio; SIH = stress-induced hyperglycemia.

SIH vs. NDN

Propensity-score matched cohort

SIH (n = 24)
NDN 
(n = 24) OR (95% CI) P

LOS (days) 15.5 ± 16.3 9.0 ± 9.6 — 0.099

ICU, n (%) 12(50.0) 9(37.5) 1.7(0.53–5.27) 0.561

Mortality, 
n (%) 1(4.2) 2(8.3) 0.5(0.04–5.66) 0.982

Table 4. Adjusted outcomes of pediatric patients with trauma who presented with SIH compared with those 
with NDN in the created propensity-score matched cohort. IQR = interquartile range; ISS = injury severity 
score; NDN = nondiabetic normoglycemia; OR = odds ratio; SIH = stress-induced hyperglycemia.
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In this study, head trauma was most frequently associated with SIH. It had been reported that hyperglycemia 
in children with traumatic brain injury is associated with increased mortality, prolonged duration of mechanical 
ventilation, and longer ICU stay25. An elevated serum glucose level >200 mg/dL26 or hyperglycemia that lasted 
beyond the initial 48 hours27 is associated with a higher mortality in children with traumatic brain injury. In this 
study, significantly higher rates were observed for the patients with an AIS score ≥3 in head/neck, thorax, abdo-
men, and external injuries in patients with SIH compared with those with NDN. However, after excluding those 
patients with polytrauma (AIS ≥3 in at least two body regions), in those patients with isolated AIS ≥3, a higher 
rate was only observed in external injury, but no in head/neck, thorax, or abdomen injuries, in the patients with 
SIH than those with NDN. This result indicated that a higher ISS of these pediatric trauma patients with SIH than 
those with NDN is usually associated with polytrauma. Therefore, the poor outcomes (i.e. a longer hospital stay 
as well as a higher rate of ICU admission and in-hospital mortality) of the pediatric trauma patients with SIH 
than the patients with NDN would rather be attributed to the associated higher ISS but not the noted higher rate 
of head trauma.

The present study had some limitations. First, a retrospective design might have caused selection bias. Second, 
the patients who were declared dead at the scene of the accident or upon arrival at the ED were not included in 
the trauma data; this may be a source of selection bias on the assessment of mortality outcome. Third, stress might 
also induce hyperglycemia in patients, and confounding factors, such as the type of injury (penetrating or burn), 
traumatic brain injury, and physiologic parameter (change of base excess) upon admission, were not analyzed 
due to a relatively small sample size in this study. The small sample size might have also impeded a powerful 
statistical analysis. Fourth, the appropriate glucose targets and strategies for sugar control have been inconclusive 
and may vary among different patients. Therefore, we could only assume that all patients had received uniform 
management in the clinical setting. Finally, results derived from one single trauma center may not be generalized 
to other regions or countries.

conclusions
No significant difference was observed in the outcomes in terms of LOS in the hospital, rate of ICU admission, 
and in-hospital mortality rate among pediatric patients with trauma who presented with SIH and NDN, after 
controlling for sex, age, and ISS. The different baseline characteristics of the patients, particularly injury severity, 
may be associated with poor outcome in pediatric trauma patients with SIH compared with those with NDN. The 
study revealed that the poor outcomes which were associated with SIH in adult trauma patients was not found in 
the pediatric trauma patients.

Compliance with ethical standards. All procedures performed in studies involving human participants 
were in accordance with the ethical standards of the institutional and/or national research committee and with 
the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Informed consent was 
waived according to IRB regulations.
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A B S T R A C T

Background: The nonoperative management (NOM) protocol with angioembolization (AE) presents a trend in
dealing with trauma patients with blunt splenic injury (BSI). This study was designed to explore the adverse
events and associated risk factors before and after protocol-based NOM of BSI over a 12-year period.
Methods: A retrospective study was performed on adult trauma patients with BSI who were admitted from 2005
to 2016. The patients were divided into before cohort (2005–2010) and after cohort (2011–2016). Multivariate
logistic regression analysis was performed to identify risk factors associated with the morbidity. The primary
outcomes are NOM-related mortality and total number of complications, the secondary outcome is the incidence
of each complication.
Results: The before cohort was composed of 209 patients, and the after cohort had 190 patients. There was a
significant increase in the use of AE (from 18.1% to 47.5%, p < 0.001) with a higher incidence of patients who
had a shock episode before AE (from 4.2% to 16.5%, p < 0.001). Regarding the outcomes, there were no
significant differences in the incidences of NOM-related mortality between the after than before cohorts.
However, there were 190 complications in 71 patients in the before cohort but 289 complications in 73 patients
in the after cohort. The incidence of complications was significantly higher in the group of after cohort than the
group of before cohort. Regarding the complications, the patients in the after cohort were significantly more
likely to have adverse events of coagulopathy, acidosis, hyperbilirubinemia, respiratory failure, and acute kidney
injury than those in the before cohort.
Conclusion: Strict adherence to the NOM protocol in treating patients with BSI without adequate patient se-
lection increased not only the use of NOM but also the possibility of complications and failed to significantly
improve the clinical outcomes.

1. Introduction

The high success rate of nonoperative management (NOM) of blunt
splenic injuries (BSIs) was mainly attributed to the liberal use of an-
gioembolization (AE) particularly in patients with high grades of in-
juries (grades III–V) that was associated with high risk of failure [1–6].
However, despite the wide use of AE, the NOM in BSI continues to be
controversial with regard to the selection of optimal patients [7]. In the
past, an unstable hemodynamic status was an absolute contraindication
to NOM [8]; meanwhile, with the evolution of damage control

resuscitation as an adjunct to NOM, the contraindication seems to move
from absolute to controversial [9]. Implementation of the permissive
hypotension strategy had further extended the application of NOM to
hemodynamically unstable patients with blunt visceral organ injury
[10,11]. Furthermore, mandatory AE was proposed in addition to a
protocol to help increase the NOM success rate in high-grade BSI
[1,4,12]. In a prospective study with a developed protocol with AE for
168 hemodynamically stable patients with BSI grades III–V, the NOM
failure rate was only 5% as compared to their historic failure rate of
15% [4]. A retrospective analysis of a 16-year experience in BSI
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concluded that utilizing AE in the standardized protocol was correlated
with an increased rate of attempted NOM (61%–88%) and successful
NOM (77%–97%) [5]. Previously, we had published our experience
with the NOM protocol with AE in high-grade blunt hepatosplenic
trauma in a cohort of 150 patients and revealed an overall NOM success
rate of 95% [12].

These published researches had pushed the NOM in a trend to be the
gold standard strategy in dealing with BSI regardless of injury severity.
Currently, trauma surgeons are more willing to accept the NOM to
preserve the spleen as much as possible. However, NOM still has po-
tential drawbacks. The fact that NOM failure increased resource use and
may be associated with a higher rate of morbidity was overlooked [8].
A meta-analysis that included 15 retrospective studies with 479 patients
revealed that the overall failure rate of AE was 10.2%, with rebleeding
being the most common cause [3]. In a multi-institutional study on 140
patients who underwent AE, 20% of the patients had major complica-
tions, including 11% with rebleeding, 4% with splenic abscess, 3% with
missed injuries, and 1% with vascular injury [13]. In a retrospective
study of 91 patients who underwent AE, 14% had major complications,
including 6.8% with splenic abscess, 2.3% with splenic infarction, 2.3%
with splenic cyst, and 2.3% with contrast-induced acute kidney injury
[14]. Therefore, this study was designed to explore the adverse events
and associated risk factors before and after protocol-based NOM of BSI
over a 12-year period in our institution. The primary outcome of in-
terest in this study would be the associated complications and mor-
tality.

2. Methods

2.1. Study population

This was a retrospective study and the work has been reported with
the STROCSS criteria [15]. Trauma patients with BSI admitted to the
hospital from January 2005 to December 2016 were retrospectively
identified from the registered trauma database in a 2686-bed facility
and Level I regional trauma center that provides primary care to trauma
patients primarily from southern Taiwan [16–18]. Patients younger
than 16 years or those who died in the emergency department (ED)
were excluded. The severity of splenic injury was determined by a
grading system developed by the American Association for the Surgery
of Trauma, according to the finding on the CT scan, operative, or au-
topsy [19]. There are five grades of splenic injury. Generally, grades I
(laceration < 1 cm or subcapsular hematoma<10% of surface area)
and II (laceration between 1 and 3 cm or subcapsular hematoma be-
tween 10% and 50% of surface area) are considered as minor injuries,
grade III (laceration > 3 cm, subcapsular hematoma>50% of surface
area, or ruptured subcapsular or parenchymal hematoma) as a mod-
erate injury, and grades IV (segmental or hilar vascular injury or de-
vascularization > 25% of spleen) and V (hilar injury or shattered
spleen) as severe injuries [19]. All patients with BSI at the ED were
initially considered as candidates for NOM. They were first assessed and
resuscitated at the ED according to the guidelines of Acute Trauma Life
Support. The selection of patients for NOM was based on a formal NOM
protocol with AE in patients with BSI since 2004 in our institution [20].
The inclusion criteria of patients for NOM were as follows: (1) hemo-
dynamic stability at admission or shortly after initial resuscitation; (2)
no obvious peritoneal signs of acute surgical abdomen; and (3) no as-
sociated major trauma requiring immediate laparotomy. According to
the protocol, AE was performed in patients who had one or more of the
following presentations: significant hemoperitoneum (bloody ascites in
any of the compartments including bilateral subphrenic, bilateral
paracolic, or pelvic cavity) or contrast extravasation over peri-splenic
or intra-splenic parenchyma on computed tomography (CT) scan, per-
sisted hypotension despite fluid resuscitation, grade IV or V splenic
injury, and decreased hemoglobin or hematocrit level that require on-
going blood transfusions. If the above criteria were met, AE would be

performed as early as possible after initial stabilization of the vital
signs. In the case of rapid clinical deterioration or if the patient had
received massive blood transfusions, administration of 10 U or more of
packed red blood cells (pRBC) or whole blood within 24 h, the proce-
dure was abandoned and the patient underwent immediate emergency
laparotomy. Before the introduction of the NOM protocol, the decisions
to transfuse and to proceed to splenectomy or angioembolization did
not depend on a clinical pathway but rather were made by the at-
tending trauma surgeon. The NOM protocol with AE was recognized
and accepted after our previous study reported in 2004 [20], and the
protocol of NOM became more aggressively and strictly adhered to
since 2011 [12]. Hence, in this study, the patients over a 12-year period
were divided into patient cohorts before (2005–2010, before cohort)
and after (2011–2016, after cohort) the implementation of the protocol.
The comparisons regarding patient characteristics, management mod-
ality, and clinical outcomes were made between the before and after
cohorts.

2.2. Angiography and embolization technique

Angiography was performed after placing a 4- to 6-F diagnostic
catheter in the splenic artery via femoral artery puncture. Selective
coaxial microcoil was mainly performed and sometimes small pledgets
of gelform were applied or a combination of both methods for occlusion
of bleeding vessels. The nature of the embolization (i.e., proximal
splenic artery, distal selective embolization, or both) was per the
judgment of the interventional radiologist at the time of the study. For
suspicious bleeder, an attempt was made to embolize the focal distal
branches of the splenic artery with gelform. The dose of intravenous
contrast medium Iohexol (OMNIPAQUE) used for abdominal CECT and
intra-arterial angiography was 60–120 cc and 100–150 cc, respectively,
depending on the weight of the patient. The upper limit of overall
contrast dose was 1.5mL/kg for abdominal CECT and 3mL/kg for an-
giography.

2.3. Definitions of complications

Complications were categorized into serious adverse events or
simple adverse events. Serious adverse events were defined as direct or
indirect adverse effects believed to be associated with management
from blunt splenic injuries that were potential fatal or resulted in dis-
ability. Simple adverse events were considered as adverse effects that
were not critical or life-threatening. The following were considered to
be serious adverse events: respiratory failure, acute kidney injury,
pneumonia, sepsis, empyema, re-bleeding, miss injury, hemodialysis,
inotropic agent use, adult respiratory distress syndrome (ARDS), and
use of Extracorporeal Membrane Oxygenation (ECMO). Coagulopathy,
acidosis, hyperbilirubinemia, pleural effusion, urinary tract infection,
intraabdominal infection, and negative laparotomy were considered to
be simple adverse events. Re-bleeding was defined as any bleeding from
the spleen, occurring after initial management, necessitating unplanned
surgical or radiologic intervention. Miss injury was defined as returning
to operative room due to hollow organ perforation after receiving non-
operative management for BSI. Pneumonia, urinary tract infection, in-
traabdominal infection, empyema, and sepsis were categorized into
infectious complications and accordance with established guidelines
[18]. Intraabdominal infection included both splenic abscess and ab-
scess from a non-splenic source after confirmation from radiologic or
surgical evidence. Pleural effusion was considered complications when
they occurred days and weeks and were not attributable to rib fractures.
Coagulopathy was defined as a prothrombin time>14 s or partial
thromboplastin time> 35 s. Acidosis was defined as pH < 7.25. Hy-
perbilirubinemia was defined as total bilirubin level> 2.0mg/dL.
Acute kidney injury was diagnosed according to the KDIGO criteria
[21].
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2.4. Definition of the outcomes

Shock before waiting AE was defined as the patients had sustained
episodes with systolic blood pressure less than 90mm Hg before sent to
angio-suit after decision-making to receive angioembolization.
Morbidity was defined as at least one above-mentioned adverse event
occurs in a patient. Overall mortality was defined as in-hospital death
from any cause. Spleen-related mortality was death directly due to
acute ongoing bleeding from BSI that was not controlled, whereas
NOM-related mortality was caused by complications in patients re-
ceiving NOM. Successful NOM was defined as the combination of
splenic salvage without the need for any delayed laparotomy including
splenectomy or peritonitis during index admission. Failure of NOM was
defined as any delayed laparotomy in patients initially managed non-
operatively, including those who had AE converted to operation or
observation converted to operation.

2.5. Data collection

This study had been registered with UIN as NCT03943355. https://
clinicaltrials.gov/show/NCT03943355. From the registered trauma
database as well as the electric and paper medical records, we collected
the patients’ data, including age, sex, mechanism of injury, vital signs
upon arrival at the ED, splenic injury grade (SIG), Injury Severity Score
(ISS), traumatic brain injury, defined as head abbreviated injury scale
(AIS)≥ 3 [22,23], blood products used at the ED, within 24 h, and
overall requirement during hospitalization, treatment modality by AE,
observation alone, or laparotomy, hospital length of stay (LOS), ICU
LOS, occurrence of adverse events and morbidities, and mortality.

2.6. Statistical analysis

Comparisons were performed with Student's t-test for continuous
variables with the data presented as mean ± standard deviation. The
categorical variables were analyzed with chi-square analysis or Fisher's
exact analysis and presented as odds ratios (OR) with corresponding
95% confidence intervals (CI). All statistical tests were two-tailed.
Comparisons between groups were performed using univariate analysis
with purposeful variable selection for the multivariate logistic regres-
sion modeling to evaluate the risk factors for the development of
morbidities. A P-value< 0.05 was considered statistically significant.
Kaplan-Meier curves were plotted to compare morbidity of these pa-
tients with BSI in the before and after cohorts, with the log-rank test to
assess the difference in morbidity curves between these two groups. In
this study, the primary outcomes are NOM-related mortality and total
number of complications, the secondary outcome is the incidence of
each complication.

3. Results

3.1. Demographics and clinical outcomes of patients

After exclusion of 29 patients aged less than 16 years and 6 patients
who died at the ED, there were 399 patients enrolled into the final
analysis, including 209 patients in the before cohort and 190 in the
after cohort (Fig. 1). As shown in Table 1, there were no significant
difference in age, sex, and trauma mechanisms, ED vital signs, and level
of hemoglobin (Hb) between the before and after cohorts. Injury se-
verity as ISS (20.8 ± 10.6 vs. 16.7 ± 10.1, 95% CI of the difference:
2.10–6.71, p < 0.001) and SIG (3.11 ± 1.08 vs. 2.88 ± 1.15, 95%
CI of the difference: 0.01–0.46, p = 0.037) was significantly higher in
after cohort than before cohort. Compared to the patients in the before
cohort, there were significantly fewer patients who sustained a SIG
I + II, but more patients with a SIG III in the after cohort. The incidence
of traumatic brain injury was significantly higher in the group of after
cohort than that in the group of before cohort (17.9% vs. 8.1%,

p = 0.004). The requirement for a blood transfusion at ED was higher
in the group of after cohort than the group of before cohort (60.0% vs.
36.8%, p < 0.001), with the units of blood transfused significantly
higher in the group of after cohort than the group of before cohort
(2.45 ± 3.17 vs. 1.44 ± 2.35 U, p < 0.001). There was no sig-
nificant difference in the units of blood transfused within 24 h, in-
cidences of massive and hospital transfusions, and units of blood
transfused upon hospitalization between the after and before cohorts.
Regarding the outcomes, there were no significant differences in the
incidences of morbidities, hospital LOS in those with or without mor-
bidity, spleen-related mortality, NOM-related mortality, and overall
mortality between the after than before cohorts. The ICU LOS was
significantly longer in the after than before cohort (5.91 ± 7.57 days
vs. 4.49 ± 4.21 days, p = 0.023).

3.2. Management of the patients with splenic injury and concomitant
internal organ injury

In the before cohort, there were 29 patients with splenic injury with
concomitant liver injury (4 splenectomies and 2 splenorrhaphies were
performed), 20 splenic injury with concomitant renal injury (one
splenorrhaphy), 4 splenic injury with concomitant liver and renal injury
(3 splenorrhaphies), 5 splenic injury with concomitant pancreatic in-
jury (all NOM), 4 splenic injury with concomitant bowel perforation (3
splenectomies), and one splenic injury with concomitant mesentery
artery tear (one splenectomy). In the after cohort, there were 23 pa-
tients with splenic injury with concomitant liver injury (5 splenec-
tomies), 19 splenic injury with concomitant renal injury (4 splenec-
tomies), 2 splenic injury with concomitant liver and renal injury (all
NOM), 3 splenic injury with concomitant pancreatic injury (2 sple-
nectomies), 5 splenic injury with concomitant bowel perforation (2
splenectomies and 1 splenorrhaphy), and one splenic injury with con-
comitant mesentery artery tear (one splenectomy).

3.3. Patients initially treated with NOM

As shown in Table 2, there were 324 (81.2%) patients who had
undergone initial treatment with NOM, with 166 patients in the before
cohort and 158 in the after cohort. The incidence of patient receiving
initial AE was significantly higher in the group of after cohort compared
with that in the group of before cohort (47.5% vs. 18.1%, p < 0.001).
A significantly higher SIG (2.97 ± 1.06 vs. 2.57 ± 1.01, p < 0.001)
and incidence of patients who had shock episode before AE (16.5% vs.
4.2%, p < 0.001) was found in the after cohort than the before cohort.
However, there was no significant difference in the average time to the
procedure between the after and before cohorts, albeit there was a short
time spent in the after cohort owing to that these caring staff were more
familiar with the refined process in the after cohort. In addition, there
was no significant difference in the rate of conversion between the after
and before cohorts. The reason for the conversion to AE or operation
was attributed to a re-bleeding in most of the cases. Additionally, there
were 3 cases in the after cohort initially received AE and then received
delayed laparotomy due to missed bowel injury, whereas there was
only one case in the before cohort initially received observation and
then received delayed laparotomy due to missed bowel injury. Like-
wise, there was only one case in the after cohort initially received ob-
servation and then converted to laparotomy due to intra-abdominal
abscess.

3.4. Complication of patients treated with NOM

There were 190 complications in 71 patients in the before cohort
but 289 complications in 73 patients in the after cohort (Table 3). Re-
garding the complications, the patients in the after cohort were sig-
nificantly more likely to have adverse events of coagulopathy, acidosis,
and hyperbilirubinemia than those in the before cohort. The after
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cohort also had a significantly higher incidence of respiratory failure
(50.7% vs. 33.8%, p=0.040) and acute kidney injury (47.9% vs.
25.4%, p=0.005). However, there were significantly fewer patients
who had urinary tract infection in the after cohort than the before co-
hort (4.1% vs. 14.1%, p= 0.037). As shown in Fig. 2, a significant
difference in morbidity curves between these patients with BSI in the
before and after cohorts was identified in the plotted Kaplan-Meier
curves (p= 0.035).

3.5. Risk factors for morbidities

The multivariate logistic regression model revealed that units of
blood transfused upon hospitalization and ICU admission was a risk
factor for the development of morbidities, while successful NOM was a
protective factor for the morbidities in both before and after cohorts.
Notably, the multivariate model identified “shock before waiting AE”
and “observation converted to AE” as independent risk factors with
37.71 and 30.66 odds of risk, respectively, for the development of
morbidities in the after cohort (Table 4). However, the two variables
were not significant risk factors for morbidities in the before cohort. In
contrast, units of blood transfused at the ED, within 24 h, and on hos-
pitalization was a significant independent risk factor for morbidities
only in the before cohort but not in the after cohort.

4. Discussion

In the present study, this number of initial AE of patients receiving
NOM had significantly increased from 18.1% in the before cohort to
47.5% in the after cohort. The time from ED arrival to the angio-suite
was reduced from 301 ± 148min in the before cohort to
244 ± 79min in the after cohort, albeit the time discrepancy was not
significant. These findings indicated that the management was better fit
to the protocol implemented in the after cohort. In addition, the success
rate of NOM was 91.6% in the before cohort and 93% in the after co-
hort; this is comparable to rates reported by other meta-analysis re-
views (Requarth et al., 91.7%; Crichton et al., 91.8%) [2,3] and our
previous report with an overall NOM failure rate of 5% [12]. However,
although many trauma centers considered that strict follow-up proto-
cols are critical to the high success rate of NOM [1,4], based on this
current study, the strict adherence to the NOM protocol is not asso-
ciated with better outcomes and lower morbidity. These findings are

consistent with a recent meta-analysis review, which included 23 stu-
dies in 6684 patients and revealed that AE was not associated with any
improvements in mortality with NOM but increased the morbidity
compared with NOM alone [2]. Additionally, Sabe et al. [5] had re-
ported that the standardized protocol use of initial AE in patients de-
termined to be at high risk of failure was not associated with significant
improved success rate of NOM or clinical outcomes compared to pa-
tients who used AE in a discretionary manner. In a retrospective study
that involved assessment of 154 patients with BSI who presented with
contrast extravasation on CT scan over 5 years, Duchesne and collea-
gues [24] reported that, for patients with high-grade BSI, patients who
underwent splenectomy had similar mortality rate compared to patients
who underwent proximal AE, but there was a significantly higher in-
cidence of ARDS and sepsis in patients undergoing proximal AE. Indeed,
NOM with AE does not contribute to a higher number of spleen salvage.
In this study, the rate of spleen salvage was about 75–78% and was not
different in both groups. These aforementioned studies [2,5,24] also
agree with that a more aggressive attempt for NOM was potentially at
the expense of increased morbidity, but may not increase the rate of
organ salvage.

In this study, although there was significantly higher mean SIG in
patients in the after cohort than those in the before cohort, the in-
cidence of SIG grades 4 and 5 was similar in both groups. Notably, the
success of NOM primarily relies on those achievements in the patients
with SIG grades 4 and 5 injuries [1,3,20]. A meta-analysis published by
Requarth et al. [3] reported that the NOM failure rate estimate for
grade 3 injuries did not depend on embolization and suggested that AE
does not contribute to the success of NOM in grade 3 injuries. Another
meta-analysis study suggested that splenic angioembolization sig-
nificantly improved the success of NOM of grades 4 and 5, but had no
demonstrable benefit for grades 1, 2 and 3 [2]. Bhullar et al. [1] re-
ported similar findings regarding grade 3 injuries and proposed that AE
is associated with significantly higher splenic salvage rates in grade 4
and 5 injuries. Apart from SIG 3, a Delphi study by Olthof et al. [25]
also proposed that ISS does not influence the management strategy of
BSI. Another aspect controversial in NOM indication refers to patients
with severe traumatic brain injury (TBI). Eastern Association for the
Surgery of Trauma (EAST) noted that the level of consciousness is not a
contraindication for NOM of BSI [26]. Dhillon and colleagues [27] from
National Trauma Data Bank recently reported their results on 47,713
patients with BSI. Their findings indicate that the presence of TBI

Fig. 1. Treatment modalities performed for the study population. BSI, blunt splenic injury; NOM, nonoperative management, OP, operation, AE, angioembolization,
OBS, observation.
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should not preclude the implementation of the principles of NOM of
BSI. According to the results of this study, we recommended that al-
though ISS, SIG, and TBI does not preclude the use of NOM in managing
the patients with BSI, such parameters may be associated with NOM
failure and therefore such patients must be closely followed in order to
treat the failures.” Thank you for your meticulous reading and profes-
sional recommendation.

One of the potential drawbacks of NOM is the higher amounts of
blood transfusion that are often required. Worries about increased
transfusion requirements with NOM have been presented [28]. During
the period of after cohort, a more aggressive NOM with strict adherence
to the protocol was implemented. This could be explained why there
were significantly higher amounts of blood products and rates of
transfused patents at ED in the after cohort (2.45 ± 3.17 U vs.
1.44 ± 2.35 U, p < 0.001) (60% vs. 36.8%, p < 0.001). In addition,
the period of after cohort also had a trend toward an increase in
transfusion amounts with initial 24 h (5.22 ± 8.36 U vs. 4.35 ± 6.41

U, p=0.241). In fact, the blood volume in NOM implementation is still
not clear [26]. Although some experts agreed on the importance of the
volume of transfused blood in the first 24 h for NOM of BSI, they did not
reach a consensus as to the volume that contraindicates NOM [29].
Currently, the timing and indication for blood transfusion in patients
with BSI is controversial and there is no consensus on blood transfusion
protocol in patients with BSI in our institution. Furthermore, in this
study, although the associated higher ISS may be suspected as the cause
of more blood transfusions in the after cohort, the higher ISS was as-
sociated with significantly higher incidences of brain injury, and in such
condition a largely-increased blood transfusion generally was not ne-
cessary for the concomitant brain injury.

In the effort to pursue organ salvage, there was significantly higher
incidence of “shock episode before AE” in the after cohort than that in
the before cohort (16.5% vs 4.2%, p < 0.001). These greater units of
blood transfusions and prolonged shock for the purpose of AE are ex-
pected to contribute to the higher complication rate. This could explain
why the multivariate analysis revealed that patients in the after cohort
with status of “observation converted to angiography” and “shock
episode before angiography” were highly associated with the occur-
rence of morbidity. In contrast, these two factors are not significantly
different for the morbidity in patients of the before cohort. There is a
tendency that the trauma surgeons are willing to accept the NOM and
further the preservation of the spleen as possible. In order to achieve
the organ preserving, surgeons might resuscitate the high-grade splenic
injury patients with maintenance of the borderline systolic blood
pressure despite of episodes with unstable hemodynamics before angio-
suite. The prolonged states of hypoperfusion may lead to a significant
higher rate of acidosis and subsequent coagulopathy. This may also be
the reason for a significant longer ICU LOS in patients in the after co-
hort than that in the before cohort, because a longer time would be
required for critical care and resuscitation in the ICU.

Furthermore, there is concern regarding the risk of missing hollow
organ injury in the attempt to avoid untherapeutic laparotomy in NOM
in patients with BSI. The hollow organ injuries were found in only 0.3%
of blunt abdominal trauma from an analysis of 275,557 trauma ad-
missions [30]. However, in this study, accompanied by a reduction in
initial laparotomy rate from 20.6% to 16.8%, there was an increased
rate of missed injury from 1.4% to 4.1%. The rate of hollow organ in-
juries in our study was higher than that in the above report, regardless
of before or after cohort. Moreover, the NOM-related or spleen-related
mortality rate in this study is higher than those patients with over-
whelming post-splenectomy infection, which has a mortality rate of
around 50–70% but develops in only 0.5% of trauma patients with
splenectomies [31]. Velmahos et al. [6] evaluated 388 adult patients
with a grade 4 or 5 BSI and proposed that the generalization of NOM
should not represent severe BSI. Peitzman et al. [7] described the
dangers of attempting NOM in hemodynamically unstable patients by
reporting a mortality of 37% in this group of patients. Bhullar et al. [1]
suggested that blood transfusion in an effort to stabilize hemodynami-
cally unstable patients of possible AE was prohibited in their protocol of
NOM for high-grade BSI. Coincidentally, they both thought that, as for
NOM in BSI, the indication may be applied too extensive for severely-
injured patients. Accordingly, the issue of pursuing organ salvage by
NOM is worth further investigation, particularly for those borderline
candidates.

4.1. Limitations

There are some limitations in our study. It is limited by its depen-
dence on retrospective data and small size, with the attendant issues of
a nonrandomized single-center study evaluating outcomes over a 12-
year period. The decision on which management strategy is selected
was mostly based on the protocol; therefore, the selection bias could be
reduced as much as possible. Additionally, it was not possible to eval-
uate long-term results of the reported complications. Moreover,

Table 1
Demographics and clinical outcomes of the patients.

Before cohort
(2005–2010)

After cohort
(2011–2016)

P-value

Patient number 209 190
Age (years) 37.1 ± 17.8 34.8 ± 17.1 0.199
Male sex, n (%) 150 (71.8) 138 (72.6) 0.848
Mechanisms, n (%)
Motorcycle accidents 149 (71.3) 143 (75.3) 0371
Car accidents 26 (12.4) 14 (7.4) 0.092
Others 34 (16.3) 33 (17.3) 0.769

ISS 16.7 ± 10.1 20.8 ± 10.6 < 0.001
Splenic injury grade (SIG) 2.88 ± 1.15 3.11 ± 1.08 0.037
Grade I + II, n (%) 82 (39.2) 52 (27.4) 0.012
Grade III, n (%) 64 (30.6) 78 (41.1) 0.030
Grade VI + V, n (%) 63 (30.2) 60 (31.6) 0.756

Traumatic brain injury, n
(%)

17 (8.1) 34 (17.9) 0.004

ED vital signs
HR (beat/min) 97.5 ± 21.3 99.9 ± 23.7 0.289
SBP (mmHg) 113.0 ± 26.1 118.2 ± 30.1 0.063
Shock
(SBP < 90mmHg), n
(%)

37 (17.7) 32 (16.8) 0.820

Hb (mg/dL) 11.8 ± 2.4 12.1 ± 2.5 0.202
Blood transfusion
Blood transfusion at ED, n
(%)

77 (36.8) 114 (60) < 0.001

Blood transfusion at ED
(U)

1.44 ± 2.35 2.45 ± 3.17 < 0.001

Blood transfusion within
24 h (U)

4.35 ± 6.41 5.22 ± 8.36 0.241

Massive transfusion, n
(%)

31 (14.8) 26 (14.2) 0.860

Hospital transfusion, n
(%)

122 (58.4) 107 (56.3) 0.678

Hospital transfusion (U) 5.11 ± 8.8 4.97 ± 10.27 0.886
Managements
Initial NOM, n (%) 166 (79.4) 158 (83.2) 0.341
Initial laparotomy, n (%) 43 (20.6) 35 (16.8) 0.341
Spleen salvage, n (%) 158 (75.6) 149 (78.4) 0.504

Outcomes
Morbidity, n (%) 71 (34.0) 73 (38.4) 0.355
Hospital LOS (days) 14.15 ± 10.14 16.02 ± 12.33 0.102
with morbidity 20.15 ± 13.48 22.53 ± 14.71 0.314
without morbidity 11.07 ± 5.91 11.95 ± 8.36 0.339
ICU LOS (days) 4.49 ± 4.21 5.91 ± 7.57 0.023
Spleen-related mortality,
n (%)

8 (3.8) 6 (3.2) 0.716

NOM-related mortality, n
(%)

1 (0.5) 4 (2.1) 0.145

Overall mortality, n (%) 12 (5.7) 13 (6.8) 0.651

ISS, Injury Severity Score; ED, emergency department, SBP, systolic blood
pressure; HR, heart rate; Hb, hemoglobin; ICU, intensive care unit; LOS, length
of stay; NOM, nonoperative management.
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although our institution had adopted a policy of damage control re-
suscitation in the after cohort, we did not elaborate on a resuscitation
strategy or record the amount of resuscitation fluid including crystal,
fresh frozen plasma, and platelet; therefore, our study cannot present
the shift in resuscitation strategy completely in the after cohort.
Furthermore, associated abdominal internal organs injuries might in-
fluence the treatment or even the choice of treatment; however, such
consideration could not be identified from this study designed in ret-
rospective character, thus might lead to a selection bias. In addition,
analysis of the success rate according to the grade of injury of the spleen
is impeded by compromised power of statistical analysis in stratifying
the relatively few patients in this study. Furthermore, in this study, the
embolization in distal or proximal splenic artery was judged by the
radiologist at the time of invention. Because the complications related
to distal or proximal splenic artery embolization were different, such
selection of embolization may lead to a bias in the outcome of the
patients. At last, we did not record the detailed information on an-
gioembolization of the splenic artery, such as embolization location and
dimension. Therefore, potential adverse events resulting from AE

cannot further be identified.

5. Conclusion

We concluded that a strict adherence to protocol of NOM for pa-
tients with BSI without adequate patient selection increased the use of
NOM but also increased the possibility of complications and failed to
have a significant improvement in clinical outcomes. In our opinion in
the future, we should set up a transfusion mechanism with a cutoff that
would contraindicate AE. This should be taken into consideration in the
treatment algorithm. As soon as the patient presented recurrent hypo-
tension after blood resuscitation over the upper limit of a critical point,
the patient should be proceeded to operation without hesitation.
However, prospective studies are needed to validate these findings and
to assess the utility of this clinical paradigm.

Ethical approval

This study was approved by the institutional review board of the

Table 2
Treatments and final strategy in patients initially managed nonoperatively.

Before cohort (2005–2010) After cohort (2011–2016) P-value

Patient number 166 158
Initial AE, n (%) 30 (18.1) 75 (47.5) <0.001
Average time from ED arrival to AE (min) 301.35 ± 148.04a 244.72 ± 79.04b 0.075
Average time from ED arrival to AE with CT had been performed (min) 155.50 ± 49.82c 145.36 ± 59.42d 0.761
Average time from observation to delay AE (h) 106.18 ± 127.08 46.80 ± 37.83 0.165
Average time from ED arrival to NOM failure (h) 108.07 ± 124.75e 139.42 ± 246.96f 0.620
Shock before waiting AE, n (%) 7 (4.2) 26 (16.5) <0.001
Observation convert to AE, n (%) 11 (8.1) 10 (12.0) 0.334
AE convert to operation, n (%) 2 (6.7) 7 (9.3) 1.000
Observation convert to operation, n (%) 12 (8.8) 4 (4.8) 0.269
Success NOM, n (%) 152 (91.6) 147 (93.0) 0.620

AE, angioembolization; CT, computed tomography; ED, emergency department; NOM, nonoperative management.
a 26 cases.
b 61 cases.
c 4 cases.
d 14 cases.
e 14 cases.
f 11 cases.

Table 3
Complications of the patients during the management.

Before cohort
(2005–2010)

After cohort
(2011–2016)

P-value

Patient number 71 73
Number of complications 190 289
Coagulopathy, n (%) 38 (53.5) 53 (72.6) 0.018
Acidosis, n (%) 13 (18.3) 34 (46.6) < 0.001
Hyperbilirubinemia, n (%) 15 (21.1) 32 (43.8) 0.004
Pleural effusion, n (%) 3 (4.2) 7 (9.6) 0.327
ECMO use, n (%) 1 (1.4) 2 (2.7) 0.576
Respiratory failure, n (%) 24 (33.8) 37 (50.7) 0.040
Pneumonia, n (%) 9 (12.7) 15 (20.5) 0.205
ARDS, n (%) 3 (4.2) 6 (8.2) 0.494
Acute kidney injury, n (%) 18 (25.4) 35 (47.9) 0.005
Hemodialysis, n (%) 0 (0) 3 (4.1) 0.245
Urinary tract infection, n

(%)
10 (14.1) 3 (4.1) 0.037

Intraabdominal infection, n
(%)

9 (12.7) 6 (8.2) 0.381

Empyema, n (%) 2 (2.8) 2 (2.7) 0.978
Sepsis, n (%) 5 (7.0) 11 (15.1) 0.125
Rebleeding, n (%) 21 (29.6) 21 (28.8) 0.915
Missing injury, n (%) 1 (1.4) 3 (4.1) 0.62
Negative laparotomy, n (%) 6 (8.5) 1 (1.4) 0.061

ARDS, adult respiratory distress syndrome; ECMO, extracorporeal membrane
oxygenation.

Fig. 2. Kaplan-Meier curves plotting the associated morbidities of the patients
in the before and after cohorts.
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AbstrACt
Objectives We aimed to profile the epidemiological 
changes of driving under the influence (DUI) in southern 
Taiwan after the legal blood alcohol concentration (BAC) 
limit was lowered from 50 to 30 mg/dL in 2013.
setting Level 1 trauma medical centre in southern 
Taiwan.
Participants Data from 7447 patients (4375 males and 
3072 females) were retrieved from the trauma registry 
system of a single trauma centre to examine patient 
characteristics (gender, age and BAC), clinical outcome 
variables (Abbreviated Injury Score, Injury Severity Score 
and mortality) and vehicular crash-related factors (vehicle 
type, airbag use in car crashes, helmet use in motorcycle 
crashes and time of crash) before and after the BAC limit 
change.
results Our results indicated that the percentage of 
DUI patients significantly declined from 10.99% (n=373) 
to 6.64% (n=269) after the BAC limit was lowered. 
Airbag use in car crashes (OR: 0.30, 95% CI 0.10 to 
0.88, p=0.007) and helmet use in motorcycle crashes 
(OR: 0.20, 95% CI 0.15 to 0.26, p<0.001) was lower in 
DUI patients compared with non-DUI patients after the 
BAC limit change, with significant negative correlation. 
DUI behaviour increased crash mortality risk before the 
BAC limit change (OR: 4.33, 95% CI 2.20 to 8.54), and 
even more so after (OR: 5.60, 95% CI 3.16 to 9.93). The 
difference in ORs for mortality before and after the change 
in the BAC legal limit was not significant (p=0.568).
Conclusion This study revealed that lowering the BAC 
limit to 30 mg/dL significantly reduced the number of DUI 
events, but failed to result in a significant reduction in 
mortality in these trauma patients.

IntrOduCtIOn  
According to the WHO, over 1.2 million 
people die each year in road traffic crashes, 
with 75% of the fatalities occurring in men 
in the economically active age range.1 It 
is estimated that over 90% of road traffic 
deaths occur in low-income and middle-in-
come countries, causing significant gross 

domestic product (GDP) losses of up to 5%.2 
Driving under the influence (DUI) of alcohol 
increases the risk of crash as well as the severity 
of crash-related injuries, and results in longer 
hospital stays, higher healthcare costs and 
poorer outcomes compared with drivers in 
non-DUI-related crashes.3–6 In particular, 
when the driver’s blood alcohol concentra-
tion (BAC) exceeds 50 mg/dL, the risk and 
severity of traffic crashes increase remark-
ably.7–10 Efforts to reduce alcohol-impaired 
driving have included implementing laws 
regarding minimum legal drinking age and 
BAC limit when driving, taxation of alcohol, 
providing alcohol education and establishing 
alcohol treatment programmes.11 

Over the past decade (2007–2016), DUI-re-
lated traffic crashes have caused over 3000 
deaths and ~110 000 injuries in Taiwan.12 
Nevertheless, prior to April 1999, DUI was 
not deemed a serious crime in Taiwan: it was 
legal to drive with BAC of 50 mg/dL; drivers 
with BAC between 50 and 110 mg/dL violated 
Road Traffic Security Rules and faced license 

strengths and limitations of this study

 ► The data were retrieved from the registered trauma 
database in which data were prospectively collected 
with internal validation.

 ► This study compared the same span of time before 
and after blood alcohol concentration  limit change.

 ► This study was limited by its retrospective design.
 ► Some confounders like baseline characteristics, the 
use of psychoactive medication and the exact time 
elapsed from injury to an alcohol test may lead to a 
bias in assessment.

 ► Data from one trauma centre may not indicate the 
observed effect could be generalised to other re-
gions or countries.
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suspension or revocation, or a financial penalty; drivers 
with BAC >110 mg/dL violated Article 185 of the Crim-
inal Law, but would only face imprisonment of less than 
a year and fines of <30,000 New Taiwan Dollars (NTD) 
(~US$1000). In more recent years, DUI has received 
increased media attention, as alcohol-impaired traffic 
crashes are frequently reported. A series of amendments 
were made to the Road Traffic Management and Penalty 
Act, Road Traffic Security Rules and Article 185 of the 
Criminal Law,13 including the most recent amendment to 
Road Traffic Security Rules in 2013, which lowered the 
legal BAC limit from 50 to 30 mg/dL. In addition, finan-
cial penalties were increased by up to 50%. According 
to national statistics, alcohol-impaired driving casual-
ties reduced after these regulation and law changes.13 
However, data on monthly injuries and deaths resulting 
from DUI-related crashes and number of monthly DUI 
violations are obtained from sobriety checkpoints by the 
police, and specific data regarding the impact of DUI on 
medical service utilisation after change in the legal BAC 
limit are not available. Therefore, we aimed to compare 
the epidemiological profile of DUI in southern Taiwan 
before and after the 2013 change in legal BAC limit 
using data from the trauma registry system. We exam-
ined patient demographics and outcomes, DUI status, 
crash-related factors, as well as outcomes before and after 
the limit change to define the prognosis and risk factors 
for DUI-related injury and mortality, and assess the effect 
of BAC limit change on these factors.

PAtIents And methOds
Patient and public involvement
The patients and the public were not involved in this 
study.

We retrospectively collected patient data from the 
trauma registry system of the Kaohsiung Chang Gung 
Memorial Hospital, a 2686-bed Level I regional trauma 
centre that provides emergent care to trauma patients 
primarily from southern Taiwan.14 15 Only drivers in 
car and motorcycle crashes that occurred in the Kaoh-
siung and Pingtung areas of Taiwan who were hospi-
talised between July 2009 and December 2016 were 
included. Twenty-three patients with incomplete data 
were excluded, as well as those whose hospital visit took 
place between January 2013 and June 2013, the period 
when amendments to the Road Traffic Management and 
Penalty Act were announced and implemented. Data 
from 7447 patients were used for the analysis.

BAC tests were routinely ordered for patients in the 
emergency room (ER) with clinical suspicion of DUI. 
Patients with BAC >30 mg/dL (the threshold for DUI 
after January 2013) were categorised into two groups 
according to when their visit took place: before BAC limit 
change (July 2009 to December 2012; n=3395 patients) 
and after BAC limit change (July 2013 to December 
2016; n=4052 patients). Detailed patient information 
was recorded and included the following variables: age, 

gender, type of vehicle crash, time and location of crash, 
airbag use (car crashes only), helmet use (motorcycle 
crashes only), BAC, hospital length of stay (LOS), in-hos-
pital mortality and crash-related trauma by body region. 
The Abbreviated Injury Score (AIS) was used to eval-
uate injury severity in the following regions: head/neck, 
face, chest, abdomen, extremities (including pelvis) and 
external. Patients with higher AIS were combined for 
analysis in some regional subgroups due to inadequate 
patient numbers. The Injury Severity Score (ISS) was 
calculated by summing the square of the three highest 
AIS scores in each region.16

Patient characteristics, clinical outcome variables and 
vehicular crash-related factors were compared before 
and after the BAC limit change using the chi-square test, 
Student’s t-test and Mann-Whiney U-test. Differences in 
characteristics between patients in DUI (BAC ≥30 mg/
dL) and non-DUI groups were also examined. Parame-
ters were presented as numbers (percentage), median ± 
IQR range or mean ± SD. Logistic regression was used to 
define changes in baseline traits and clinical outcomes in 
the DUI and non-DUI groups before and after the BAC 
limit change. Breslow-Day statistics testing was performed 
to examine homogeneity in different stratifications. We 
also analysed the ratio of single-vehicle nighttime (SVN) 
crashes to multiple-vehicle daytime (MVD) crashes 
as a proxy measure used in many studies for alcohol 
involvement.17 18 R Statistical SoftwareV.3.3.3 was used to 
geographically present the change in DUI event density 
in southern Taiwan, and demonstrate the monthly trend 
in the number of DUI patients from 2009 to 2016. All 
other analyses were performed using SAS V.9.4. Statistical 
significance was defined as p<0.05.

results
The average age at the time of crash was 43.68±18.70 
(range: 11–90 years). Of these patients, 642 (8.6%) 
were classified as DUI (BAC ≥30 mg/dL). Most crashes 
were with a motorcycle vehicle (7237 patients; 97.2%), 
and occurred between 06:00 and 14:00 (3173 patients; 
42.6%). Motorcyclists were wearing a helmet at the time 
of the crash in 88.93% (n=7237) of the patients, whereas 
63.81% (n=134) of car drivers had airbag protection. The 
average mortality was 1.34%, and median hospital LOS 
was 6 days.

As shown in table 1, 3395 patients were admitted to our 
hospital before the BAC limit change, and 4052 patients 
after. In both time periods, patients tended to be males 
between the ages of 40 and 45. The percentage of DUI 
patients significantly declined from 10.99% (n=373) to 
6.64% (n=269) after the BAC limit change (figure 1), and 
the average BAC at admission decreased from 21.19 to 
12.31 mg/dL. This trend was observed across different 
regions in southern Taiwan, as shown in figure 2. The 
percentage of airbag use in car crashes decreased, while 
helmet use in motorcycle crashes increased. No signifi-
cant changes in mortality and hospital stay were found in 
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our analyses. Patient numbers did not vary by season or 
day of the week, although a slight decrease was observed 
in the spring before the BAC limit change.

Examination of patient characteristics, crash-related 
factors and clinical outcomes in DUI and non-DUI patients 
revealed that patients in the DUI group were mostly male 
(88.47%) compared with the non-DUI group (55.94%) 
(table 2). Patients in the DUI group were significantly 

younger (p<0.001). Reduced use of airbags in car crashes 
and helmets in motorcycle crashes were found in higher 
proportion in the DUI group than in the non-DUI group. 
DUI patients tended to have significantly higher ISS (13 vs 
9, p<0.001) and longer hospital stay (8 vs 6 days, p<0.001) 
than non-DUI patients. A significantly higher mortality 
rate was found in DUI patients than in non-DUI (4.67% 
vs 1.03%, p<0.001). No significant seasonal differences 

Table 1 Patient characteristics, clinical variables and vehicular crash-related variables before and after BAC limit change

Before BAC limit change After BAC limit change P value

Gender, n (%) 0.028

  Male 2041 (60.12) 2334 (57.6)

  Female 1354 (39.88) 1718 (42.4)

Age (years) 42.77 (18.34) 44.45 (18.97) <0.001*

DUI, n (%) <0.001

  Yes 373 (10.99) 269 (6.64)

  No 3022 (89.01) 3783 (93.36)

BAC (mg/dL) 21.19 (62.49) 12.31 (47.12) <0.001*

Car, n (%) 0.057

  Airbag 73 (70.19) 61 (57.55)

  No airbag 31 (29.81) 45 (42.45)

Motorcycle, n (%) <0.001

  Helmet 2876 (87.39) 3560 (90.22)

  No helmet 415 (12.61) 386 (9.78)

ISS 9 (9) 9 (9) 0.041*

Hospital stay (days) 6 (7) 7 (8) 0.198*

Mortality, n (%) 0.125

  Alive 3357 (98.88) 3990 (98.47)

  Death 38 (1.12) 62 (1.53)

Seasons, n (%) <0.001

  Spring 605 (17.82) 994 (24.53)

  Summer 874 (25.74) 1008 (24.88)

  Autumn 970 (28.57) 962 (23.74)

  Winter 946 (27.86) 1088 (26.85)

Time, n (%) <0.001

  06:00–14:00 1351 (39.79) 1822 (44.97)

  14:00–22:00 1436 (42.30) 1608 (39.68)

  22:00–06:00 608 (17.91) 622 (15.35)

Weekdays, n (%) 0.012

  Monday 487 (14.34) 639 (15.77)

  Tuesday 553 (16.29) 558 (13.77)

  Wednesday 440 (12.96) 587 (14.49)

  Thursday 494 (14.55) 590 (14.56)

  Friday 480 (14.14) 613 (15.13)

  Saturday 504 (14.85) 582 (14.36)

  Sunday 437 (12.87) 483 (11.92)

*Mann-Whitney test.
BAC, blood alcohol concentration; DUI, driving under the influence; ISS, Injury Severity Score.
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were found between the groups. Time of visit to the ER 
differed for the DUI patients compared with the non-DUI 
patients. Most DUI patients visited the ER between 22:00 
and 06:00 (50.31%), while only 13.33% of non-DUI 
patients visited at this time. Additionally, DUI crashes 
tended to occur on weekends (18.69% on Saturday and 
19.31% on Sunday).

Table 3 compares OR for different stratified parameters 
before and after the BAC limit change. Males still showed 
increased odds of DUI (crude OR: 6.01, 95% CI 4.69 to 
7.69), but the BAC limit change showed no significant 
effect on DUI behaviour between genders. DUI behaviour 
increased the crash mortality risk before the BAC limit 
change (OR: 4.33, 95% CI 2.20 to 8.54), and even more 
so after (OR: 5.60, 95% CI 3.16 to 9.93). The difference 
in these ORs was not significant (p=0.568). Regarding 
time of crash, a greater number of DUI patients appeared 
between 22:00 and 06:00 (OR 12.70) than between 14:00 
and 22:00 (3.04) and between 06:00 and 14:00 (baseline). 
This trend was significantly increased after the BAC limit 
change, which showed ORs of 20.76 and 5.50, respectively. 
There was no significant correlation between airbag use 
and DUI behaviour in car crashes (OR 0.49, 95% CI 0.20 
to 1.18) before the change in BAC limit. However, car 
crashes with airbag use were less frequent in DUI patients 
than in non-DUI patients after the BAC limit change 

(OR: 0.30, 95% CI 0.10 to 0.88), with a significantly nega-
tive correlation. Similar results were found in motorcycle 
crashes. Helmet use in motorcycle crashes was a protec-
tive factor with a negative correlation to DUI behaviour. 
This negative correlation was reinforced by the change 
in BAC limit. The OR of helmet use and DUI was 0.42 
(95% CI 0.32 to 0.55) before the change and 0.30 (95% 
CI 0.15 to 0.26) after, with significant difference between 
them (p<0.001). Season of crash had no effect on DUI 
behaviour either before or after the BAC limit change. 
Workdays were significantly negatively correlated with 
DUI behaviour as compared with weekends (Saturday 
and Sunday) both before and after BAC limit change. In 
addition, the SVN/MVD ratio significantly dropped to 
0.48 from 0.60 after the change in BAC limit was imple-
mented, indicating that the change had the effect of 
reducing DUI behaviour.

The AIS of different regions were examined in DUI and 
non-DUI patients, and indicated that DUI patients were 
more likely to sustain injuries to the head and neck, face, 
thorax and abdomen than non-DUI patients (table 4). 
No significant difference was found in external injuries 
between DUI and non-DUI patients. However, patients 
with DUI were less likely than non-DUI patients to suffer 
from severe injury to the extremities.

Figure 1 Monthly number of DUI (BAC ≥30 mg/dL) patients before and after BAC limit change. BAC, blood alcohol 
concentration; DUI, driving under the influence.
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dIsCussIOn
Our analyses presented various factors associated with DUI 
behaviour, including gender, mortality, time of day and 
day of week of the crash, use of airbags in cars and use of 
helmets in motorcyclists. In this study, females accounted 
for a minor proportion (12%) of DUI patients, consistent 
with previous research.19 Complex causal relationships in 
physiological and social factors may account for the differ-
ence in males and females involved in DUI. Our previous 
studies also reported more males than females with vehic-
ular crashes sent to our ER.14 20 Compared with females, 
males had a higher risk of motorcycle crashes,21 22 which 
accounted for ~60% of injuries in southern Taiwan.14 20 
Male/female differences in alcoholic liver injury,23 alco-
hol-induced brain injury24 and alcohol-related behavioural 
and medical problems have also been reported.25–27 
Increased vehicle performance and a higher number of 
safety features lead to greater risk-taking behaviour by 
the driver,28 and our results indicated that drivers using 
airbags in their vehicles show a significantly lower OR 

of being in a DUI crash. Although the decreased use of 
airbags may be due to the fact that DUI drivers tend to 
drive older vehicles, not wear a safety belt and drive over 
the speed limit, this finding could indicate a relationship 
between the value placed on safety (eg, purchase cars with 
more safety features) and the avoidance of risk-taking 
behaviours such as DUI. Our study also examined helmet 
use in motorcyclists, which has been mandatory for motor-
cyclists in Taiwan since June 1997; helmets were used by 
90% of patients driving a motorcycle in this study. Previous 
studies have reported helmet use to be a protective factor 
or strong predictor of motorcycle crashes.21 29–31 Our study 
also found that helmet use plays a significantly protective 
role in DUI crashes, supporting findings from Ohio, USA 
and Iran that suggest that motorcyclists involved in alco-
hol-involved crashes are significantly less likely to wear a 
helmet.32 33 The decreased helmet use rate in our data 
may have contributed to the higher mortality that we saw 
in DUI motorcycle drivers after the legal BAC limit was 
lowered to 30 mg/dL.

Figure 2 DUI (BAC ≥30 mg/dL) event density over the 71 district areas of southern Taiwan (A, before BAC limit change; B, after 
BAC limit change). BAC, blood alcohol concentration; DUI, driving under the influence.
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Our analysis is consistent with findings in Taiwan based 
on national statistics13 that report a significant reduc-
tion in DUI events after the BAC limit change. Previous 
studies report reductions in both crashes and fatalities 
when legal limits for BAC are lowered to 50 mg/dL.34 35 
A significant decrease of 3.7% (95% CI 0.9% to 6.5%) 
in fatally injured drivers with a BAC level equal to or 
>50 mg/dL was found following the change.36 A recent 
meta-analysis examined the impact of lowering the legal 
BAC limit to 50 mg/dL, and found an 11.1% decrease in 
rates of fatal alcohol-related crashes.37 In this study, the 
proportion of male and female DUI patients and overall 
mortality rate did not change after the legal limit change. 

However, while the proportion of males and females did 
not change, other elements in patient characteristics 
changed in our study after the legal BAC was lowered to 
30 mg/dL: the percentage of DUI patients significantly 
decreased from 10.99% to 6.6% and average BAC at admis-
sion decreased from 21.19 to 12.31 mg/dL. The decline 
in DUI events can be seen in the different geographical 
regions of Kaohsiung and Pingtung surrounding our 
hospital. Time of injury appears to play a role in severity 
of injury. It has been reported that drivers not under the 
influence of alcohol suffer more severe injuries between 
midnight and early morning compared with early night-
time.38 Findings from other studies have indicated that 

Table 2 Patient characteristics, clinical variables and crash-related variables in DUI (BAC ≥30 mg/dL) and non-DUI patients

DUI Non-DUI P value

Gender, n (%) <0.001

  Male 568 (88.47) 3807 (55.94)

  Female 74 (11.53) 2998 (44.06)

  Age (years) 39.64 (12.76) 44.07 (19.13) <0.001*

Car, n (%) 0.020

  Airbag 25 (50.00) 109 (68.13)

  No airbag 25 (50.00) 51 (31.88)

Motorcycle, n (%) <0.001

  Helmet 433 (73.14) 6003 (90.34)

  No helmet 159 (26.86) 642 (9.66)

ISS 13 (14) 9 (7) <0.001*

Hospital stay (days) 8 (11) 6 (7) <0.001*

Mortality, n (%) <0.001

  Alive 612 (95.33) 6735 (98.97)

  Death 30 (4.67) 70 (1.03)

Seasons, n (%) 0.522

  Spring 135 (21.03) 1464 (21.51)

  Summer 153 (23.83) 1729 (25.41)

  Autumn 163 (25.39) 1769 (26.00)

  Winter 191 (29.75) 1843 (27.08)

Time, n (%) <0.001

  06:00–14:00 70 (10.90) 3103 (45.60)

  14:00–22:00 249 (38.79) 2795 (41.07)

  22:00–06:00 323 (50.31) 907 (13.33)

Weekdays, n (%) <0.001

  Monday 81 (12.62) 1045 (15.36)

  Tuesday 72 (11.21) 1039 (15.27)

  Wednesday 85 (13.24) 942 (13.84)

  Thursday 79 (12.31) 1005 (14.77)

  Friday 81 (12.62) 1012 (14.87)

  Saturday 120 (18.69) 966 (14.20)

  Sunday 124 (19.31) 796 (11.70)

*Mann-Whitney test.
BAC, blood alcohol concentration; DUI, driving under the influence; ISS, Injury Severity Score.

 on 21 A
pril 2019 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-026481 on 20 A

pril 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


7Tsai Y-C, et al. BMJ Open 2019;9:e026481. doi:10.1136/bmjopen-2018-026481

Open access

Ta
b

le
 3

 
H

om
og

en
ei

ty
 a

na
ly

si
s 

of
 v

ar
ia

b
le

s 
re

la
te

d
 t

o 
D

U
I b

ef
or

e 
an

d
 a

ft
er

 B
A

C
 li

m
it 

ch
an

ge

B
ef

o
re

 B
A

C
 li

m
it

 c
ha

ng
e

A
ft

er
 B

A
C

 li
m

it
 c

ha
ng

e
C

ru
d

e 
O

R
(9

5%
 C

I)
P

 v
al

ue
D

U
I

N
o

n-
D

U
I

O
R

 (9
5%

 C
I)

D
U

I
N

o
n-

D
U

I
O

R
 (9

5%
 C

I)

G
en

d
er

, n
 (%

)
0.

95
2

 
 M

al
e

33
1 

(9
.7

5)
17

10
 (5

0.
37

)
6.

05
 (4

.3
5 

to
 8

.4
0)

23
7 

(5
.8

5)
20

97
 (5

1.
75

)
5.

96
 (4

.0
9 

to
 8

.6
6)

6.
01

 (4
.6

9 
to

 7
.6

9)

 
 Fe

m
al

e
42

 (1
.2

4)
13

12
 (3

8.
65

)
32

 (0
.7

9)
16

86
 (4

1.
61

)

M
or

ta
lit

y,
 n

 (%
)

0.
56

8

 
 A

liv
e

36
0 

(1
0.

60
)

29
97

 (8
8.

28
)

4.
33

 (2
.2

0 
to

 8
.5

4)
25

2 
(6

.2
2)

37
38

 (9
2.

25
)

5.
60

 (3
.1

6 
to

 9
.9

3)
4.

98
 (3

.2
1 

to
 7

.7
3)

 
 D

ea
th

13
 (0

.3
8)

25
 (0

.7
4)

17
 (0

.4
2)

45
 (1

.1
1)

Ti
m

e,
 n

 (%
)

<
0.

00
1

 
 06

:0
0–

14
:0

0
46

 (1
2.

33
)

13
05

 (4
3.

18
)

1
24

 (8
.9

2)
17

98
 (4

7.
53

)
1

 
 14

:0
0–

22
:0

0
13

9 
(3

7.
27

)
12

97
 (4

2.
92

)
3.

04
 (2

.1
6 

to
 4

.2
8)

11
0 

(4
0.

89
)

14
98

 (3
9.

60
)

5.
50

 (3
.5

2 
to

 8
.6

0)

 
 22

:0
0–

06
:0

0
18

8 
(5

0.
40

)
42

0 
(1

3.
90

)
12

.7
0 

(9
.0

3 
to

 1
7.

85
)

13
5 

(5
0.

19
)

48
7 

(1
2.

87
)

20
.7

6 
(1

3.
30

 t
o 

32
.4

1)

C
ar

, n
 (%

)
0.

00
7

 
 A

irb
ag

19
 (5

9.
38

)
54

 (7
5.

00
)

0.
49

 (0
.2

0 
to

 1
.1

8)
6 

(3
3.

33
)

55
 (6

2.
50

)
0.

30
 (0

.1
0 

to
 0

.8
8)

 
 N

o 
ai

rb
ag

13
 (4

0.
63

)
18

 (2
5.

00
)

12
 (6

6.
67

)
33

 (3
7.

50
)

M
ot

or
cy

cl
e,

 n
 (%

)
<

0.
00

1

 
 H

el
m

et
26

1 
(7

6.
54

)
26

15
 (8

8.
64

)
0.

42
 (0

.3
2 

to
 0

.5
5)

17
2 

(6
8.

53
)

33
88

 (9
1.

69
)

0.
20

 (0
.1

5 
to

 0
.2

6)

 
 N

o 
he

lm
et

80
 (2

3.
46

)
33

5 
(1

1.
36

)
79

 (3
1.

47
)

30
7 

(8
.3

1)

S
ea

so
ns

, n
 (%

)
0.

45
6

 
 S

p
rin

g
63

 (1
6.

89
)

54
2 

(1
7.

94
)

1
72

 (2
6.

77
)

92
2 

(2
4.

37
)

1

 
 S

um
m

er
98

 (2
6.

27
)

77
6 

(2
5.

68
)

1.
09

 (0
.7

8 
to

 1
.5

2)
55

 (2
0.

45
)

95
3 

(2
5.

19
)

0.
74

 (0
.5

1 
to

 1
.0

6)
0.

96
 (0

.7
5 

to
 1

.2
2)

 
 A

ut
um

n
94

 (2
5.

20
)

87
6 

(2
8.

99
)

0.
92

 (0
.6

6 
to

 1
.2

9)
69

 (2
5.

65
)

89
3 

(2
3.

61
%

)
0.

99
 (0

.7
0 

to
 1

.3
9)

1.
00

 (0
.7

9 
to

 1
.2

7)

 
 W

in
te

r
11

8 
(3

1.
64

)
82

8 
(2

7.
40

)
1.

23
 (0

.8
9 

to
 1

.7
0)

73
 (2

7.
14

)
10

15
 (2

6.
83

)
0.

92
 (0

.6
6 

to
 1

.2
9)

1.
12

 (0
.8

9 
to

 1
.4

2)

W
ee

kd
ay

s,
 n

 (%
)

<
0.

00
1

 
 S

un
d

ay
73

 (1
9.

57
)

36
4 

(1
2.

05
)

1
51

 (1
8.

96
)

43
2 

(1
1.

42
)

1

 
 M

on
d

ay
40

 (1
0.

72
%

)
44

7 
(1

4.
79

%
)

0.
45

 (0
.3

0 
to

 0
.6

7)
41

 (1
5.

24
%

)
59

8 
(1

5.
81

%
)

0.
58

 (0
.3

8 
to

 0
.8

9)

 
 Tu

es
d

ay
45

 (1
2.

06
)

50
8 

(1
6.

81
)

0.
44

 (0
.3

0 
to

 0
.6

6)
27

 (1
0.

04
)

53
1 

(1
4.

04
)

0.
43

 (0
.2

7 
to

 0
.7

0)

 
 W

ed
ne

sd
ay

47
 (1

2.
60

)
39

3 
(1

3.
00

)
0.

60
 (0

.4
0 

to
 0

.8
8)

38
 (1

4.
13

)
54

9 
(1

4.
51

)
0.

57
 (0

.3
8 

to
 0

.9
1)

 
 Th

ur
sd

ay
50

 (1
3.

40
)

44
4 

(1
4.

69
)

0.
56

 (0
.3

8 
to

 0
.8

3)
29

 (1
0.

78
)

56
1 

(1
4.

83
%

)
0.

44
 (0

.2
7 

to
 0

.7
0)

 
 Fr

id
ay

46
 (1

2.
33

)
43

4 
(1

4.
36

)
0.

53
 (0

.3
6 

to
 0

.7
8)

35
 (1

3.
01

)
57

8 
(1

5.
28

)
0.

51
 (0

.3
3 

to
 0

.8
0)

 
 S

at
ur

d
ay

72
 (1

9.
30

) 
43

2 
(1

4.
30

) 
0.

83
 (0

.5
8 

to
 1

.1
8)

48
 (1

7.
84

) 
53

4 
(1

4.
12

) 
0.

76
 (0

.5
0 

to
 1

.1
5)

*B
re

sl
ow

-D
ay

 s
ta

tis
tic

.
B

A
C

, b
lo

od
 a

lc
oh

ol
 c

on
ce

nt
ra

tio
n;

 D
U

I, 
d

riv
in

g 
un

d
er

 t
he

 in
flu

en
ce

.

 on 21 A
pril 2019 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2018-026481 on 20 A

pril 2019. D
ow

nloaded from
 

http://bmjopen.bmj.com/


8 Tsai Y-C, et al. BMJ Open 2019;9:e026481. doi:10.1136/bmjopen-2018-026481

Open access 

injuries involving alcohol-intoxicated drivers are influ-
enced less by geographic and environmental factors than 
by the nature of collision and time of crash.39 Our results 
indicate different temporal distribution (in weekday and 
time of day, but not in seasons) in the DUI and non-DUI 
groups. Most non-DUI patients visited the ER between 
early morning and afternoon (06:00–14:00), but DUI 
patients tend to search for medical aid between 22:00 and 
06:00 (50.31%). A previous study in Hong Kong indicated 
a similar temporal pattern in DUI using a slightly different 

time framework.40 This study found that most DUI events 
occurred between 15:00 and 23:00 (39.5%) and between 
23:00 and 07:00 (29.8%). Consistent with our findings, a 
higher prevalence of DUI on weekends than on weekdays 
is reported in other studies.41 In addition, the significant 
drop in SVN/MVD ratio after the legal BAC limit was 
lowered indicated that the limit change had an effect on 
the reduction in DUI behaviour.

Although our study found that DUI events significantly 
decreased after the legal BAC limit was lowered, the 

Table 4 The distribution of Abbreviated Injury Scale score by region in DUI (BAC ≥30 mg/dL) and non-DUI patients

DUI Non-DUI OR (95% CI) P value

Head/neck <0.0001

  0 269 (41.90%) 4799 (70.52%) 1

  1 94 (14.64%) 638 (9.38%) 2.63 (2.05 to 3.37)

  2 22 (3.43%) 105 (1.54%) 3.74 (2.32 to 6.02)

  3 81 (12.62%) 506 (7.44%) 2.86 (2.19 to 3.72)

  4 131 (20.40%) 597 (8.77%) 3.92 (3.12 to 4.91)

  5–6 45 (7.01%) 1160 (2.35%) 0.69 (0.50 to 0.96)

Face <0.0001

  0 361 (56.23%) 5342 (78.50%) 1

  1 64 (9.97%) 493 (7.24%) 1.921 (1.45 to 2.55)

  2 215 (33.49%) 949 (13.95%) 3.353 (2.79 to 4.02)

  3 2 (0.31%) 21 (0.31%) 1.409 (0.33 to 6.03)

Thorax <0.0001

  0 488 (76.01%) 5640 (82.88%) 1

  1 31 (4.83%) 220 (3.23%) 1.63 (1.11 to 2.40)

  2 27 (4.21%) 306 (4.50%) 1.02 (0.681 to 1.53)

  3 57 (8.88%) 437 (6.42%) 1.51 (1.13 to 2.02)

  4 37 (5.76%) 196 (2.88%) 2.18 (1.52 to 3.14)

  5–6 2 (0.32%) 6 (0.08%) 3.85 (0.78 to 19.14)

Abdomen <0.0001

  0 552 (85.98%) 6319 (92.86%) 1

  1 7 (1.09%) 38 (0.56%) 2.109 (0.94 to 4.74)

  2 42 (6.54%) 222 (3.26%) 2.166 (1.57 to 3.05)

  3 23 (3.58%) 141 (2.07%) 1.867 (1.19 to 2.93)

  4 13 (2.02%) 69 (1.01%) 2.157 (1.19 to 3.93)

  5 5 (0.78%) 16 (0.24%) 3.583 (1.31 to 9.81)

Extremities <0.0001

  0 261 (40.65%) 1839 (29.02%) 1

  1 63 (9.81%) 435 (6.39%) 1.020 (0.76 to 1.37)

  2 185 (28.82%) 2973 (43.69%) 0.438 (0.36 to 0.53)

  3–5 133 (20.72%) 1558 (22.89%) 0.61 (0.48 to 0.75)

  14 0.195

  0 536 (83.49%) 5799 (85.22%) 1

  1 102 (15.89%) 981 (14.42%) 1.125 (0.90 to 1.41)

  2 4 (0.62%) 25 (0.37%) 1.731 (0.60 to 4.99)

BAC, blood alcohol concentration; DUI, driving under the influence.
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increased point estimate for OR of DUI on mortality was 
not significant. Moreover, in DUI patients, the postlimit 
change mortality OR was significantly higher than prelimit 
change. This may be explained by the possibility that DUI 
drivers after the change were more addicted to alcohol 
and had a lower helmet use rate. Studies have shown that 
alcohol impairs driving ability, and that the intoxicated 
driver is more likely to cause fatal road traffic crashes,42 
while other research has found the risk of mortality is not 
higher in patients with positive BAC.3 Some studies have 
found that serum ethanol is independently associated 
with increased mortality.43 44 Furthermore, some studies 
have proposed alcohol use can have a protective effect 
in trauma patients.3 45 46 In this study, we did not find a 
protective role for DUI in our analysis of the association 
between DUI and AIS. These findings indicated that 
lowering the legal BAC limit can reduce alcohol-impaired 
driving,47 48 but may be not enough to result in a signifi-
cant reduction in mortality of those trauma patients. This 
may indicate that other preventative policies, such as taxes 
on alcohol, minimum legal drinking ages and administra-
tive license revocation, should be considered.49 In fact, 
drivers with or without DUI had more heterogeneity in 
the factors that may affect injury severity.50 Bias may exist 
in the analysis with multivariate logistic regression for the 
association between the injury severity and the drivers 
with or without DUI, which may comprise a limitation in 
this study.

There are some other limitations to our study. First, 
the analysis was based on data from the trauma registry 
system of a level I regional trauma centre in southern 
Taiwan. These results may not be externally valid. Besides, 
our selected statistical methods with limited parameters 
may not clarify the contributing factors and outcomes 
of DUI crashes due to its complex interaction.51 Second, 
there were differences in the baseline characteristics of 
patients admitted after traffic crashes before and after 
sanction change. The differences in baseline character-
istics may have confounded results and observed differ-
ences may have implied the effect of sanction change. 
Third, the combined use of psychoactive medication and 
alcohol may increase the risk of having a crash.52 53 This 
confounder was not controlled in our study, although this 
bias is random. Fourth, patients seeking medical care due 
to a traffic crash did not routinely receive a blood alcohol 
test unless they showed symptoms of being alcohol-im-
paired or unconsciousness. This may underestimate the 
effect of DUI in our analysis. Fifth, our registry system 
is not able to report exact time elapsed from injury to 
an alcohol test. However, the mean transport time for 
the patients transported by emergency medical service 
to the hospital was 18.3±7.9 min according to our data 
and ~12 min according to Taiwan government data from 
January 2009 to June 2009. Thus, the bias may be minimal. 
In addition, driver use of safety belt was not registered 
in the trauma database, so we could not investigate this 
important variable. Furthermore, our registry system did 
not exclude the repeated DUI patients; although these 

drivers may be a small group in our study subjects, they 
may confound our statistical results. Finally, there may 
exist bias in the outcome assessment with control of 
alcohol consumption, vehicle miles travelled and vehicles 
and motorcycles registered, which were lacking in the 
registered trauma database.

COnClusIOn
This study revealed that lowering the legal limit for 
BAC to 30 mg/dL significantly reduced DUI events, but 
failed to result in a significant reduction in traffic crash 
mortality. Airbag use in car crashes and helmet use in 
motorcycle crashes after the limit change was less in DUI 
patients than in non-DUI patients, with significant nega-
tive correlation.
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Abstract

Background

The shock index (SI) is defined as the ratio of heart rate/systolic blood pressure. This study

aimed to determine the performance of delta shock index (ΔSI), a difference between SI

upon arrival at the emergency room (ER) and that in the field, in predicting the need for mas-

sive transfusion (MT) among adult trauma patients with stable blood pressure.

Methods

This study included registered data from all trauma patients aged 20 years and above who

were hospitalized from January 1, 2009 to December 31, 2016. Only patients who were

transferred by emergency medical service from the accident site with a systolic blood pres-

sure� 90 mm Hg at the ER were included. The 7,957 enrolled trauma patients were divided

into 2 groups, those who had received blood transfusion� 10 U (MT, n = 82) and those who

had not (non-MT, n = 7,875). The odds ratios with 95% confidence intervals for the need for

MT by a given ΔSI were measured. The plot of specific receiver operating characteristic

(ROC) curves was used to evaluate the best cutoff point of ΔSI that could predict the

patient’s probability of receiving MT.

Results

ROC curve analysis showed that a ΔSI of 0.06 as the cutoff point had the highest AUC of

0.61, with a sensitivity of 0.415 and specificity of 0.841. Patients with a ΔSI� 0.00 had a sig-

nificant 1.8-fold increase in need for MT than those patients with a ΔSI less than 0.00 (1.4%
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vs. 0.8%, p = 0.01). The larger the ΔSI, the higher the odds of need for an MT. Using the cut-

off point of ΔSI of 0.06, patients with a ΔSI� 0.06 had a significant 3.7-fold increase in need

for MT than those patients with a ΔSI less than 0.06 (2.7% vs. 0.7%, p < 0.001).

Conclusions

This study indicated that, in trauma patients with stable blood pressure at the ER, the accu-

racy of prediction of the requirement for MT by ΔSI is low. However, the size of the delta is

significantly associated with need for MT and a lack of improvement in the patient’s SI at the

ER compared to that in the field significantly increases the odds of a need for MT.

Background

Massive transfusion (MT) in trauma is defined as the transfusion of ten or more units of whole

blood or packed red blood cells within the first twenty-four hours of arrival to the hospital [1].

Early recognition of the need for MT is important but still presents a challenge in trauma

patients. Vital signs alone have proven insufficient in reliably predicting need for MT [2, 3].

The shock index (SI), the ratio of heart rate (HR)/ systolic blood pressure (SBP), has been con-

sidered as a marker for significant injury in trauma patients with hypovolemic shock [4],

requirement for transfusion [5], and need for MT [3, 6, 7]. The dynamic change in the ratio of

HR to SBP reflect the physiological response of an individual to the trauma injury [8–12]. Pre-

vious work has shown that SI is moderately accurate in predicting the need for MT. An SI�

0.95 predict the need for MT with an AUC of 0.760 (sensitivity, 0.563, and specificity, 0.876)

[13].

The delta shock index (ΔSI) is the difference between SI at the emergency room (ER) and

that in the field. It had been proposed that ΔSI may better account for variation unique to an

individual reflecting the hemodynamic change upon a stress such as traumatic injury [14]. SI

and ΔSI appear to be superior to HR and SBP in predicting postpartum hemorrhage and need

for intervention in peripartum women [14]. The ΔSI was superior to traditional SI to predict

the prognosis of the trauma patients [15]. In a study on 2,591 patients, patients with ΔSI> 0.1

required three times higher volumes of blood transfusion than those who had a ΔSI� 0.1 [15].

Given that the identification of patients with need for MT is crucial as prompt treatment

improves the prognosis [7], the need for MT might be missed in trauma patients with stable

blood pressure at the ER. Therefore, the objective of this study was to evaluate the performance

of ΔSI in predicting the need for MT in trauma patients with stable blood pressure at the ER.

Methods

Ethics statement

The institutional review board of Kaohsiung Chang Gung Memorial Hospital had approved

this study (reference number: 201800748B0) and waived the requirement for informed

consent.

Study population

Patients were identified from the trauma database at Kaohsiung Chang Gung Memorial Hos-

pital, a regional level 1 trauma center in southern Taiwan. Trauma patients were those patients

sustained an injury by all trauma causes including motor vehicle accidents, motorcycle
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accidents, bicycle accidents, pedestrian involved in a traffic accident, fall, and strike by/against

objects. To be included in the study, patients had to be injured between January 1, 2009 and

December 31, 2016 and fit the inclusion criteria (admitted to the hospital following trauma,

age� 20 years, transferred from scene by emergency medical service (EMS), and stable blood

pressure (defined by SBP� 90 mmHg) upon arrival. The exclusion criteria included those

patients who were transferred from other hospitals or arrived by private vehicles, patients who

had missing HR or SBP data in the field, patients aged less than 20 years, patients who had

incomplete registered data, and those who had an unstable blood pressure (SBP < 90 mmHg)

upon arrival at the ER (Fig 1). A patient receiving transfusion of 10 U or more of whole blood

or packed red blood cells within 24 h of arrival at the ER was defined as receiving MT [1]. The

vital signs were recorded by the EMS at the field and by the triage nurse upon patients’ arrival

to the ER. The Field SI and ER SI were calculated as the ratio of HR to SBP in the field recorded

by the EMS and that at the ER recorded by the triage nurse, respectively. The ΔSI was calcu-

lated as ER SI minus field SI (ΔSI = ER SI—field SI). In total, 7,957 trauma patients were

enrolled in this study and divided into 2 groups, including those who had received blood

transfusion� 10 U (MT, n = 82) and those who did not (non-MT, n = 7,875). We retrieved

the detailed patient information including age; sex; vital signs; comorbidities, including diabe-

tes mellitus, hypertension (HTN), coronary artery disease, congestive heart failure, and cere-

bral vascular accident, and end-stage renal disease; injury severity score (ISS), which was

expressed as median and interquartile range (IQR, Q1–Q3); units of blood (whole blood and

packed red blood cells) transfused within 24 h; and in-hospital mortality.

Statistical analysis

Statistical analysis was performed using the SPSS software (version 22.0, IBM Corp., Armonk,

NY, USA). The requirement of an MT in patients was the primary outcome. The unpaired Stu-

dent t-test and Mann-Whitney U test were used to analyze normally and non-normally

Fig 1. Flowchart of allocation of adult trauma patients into those who had received MT and those who did not.

https://doi.org/10.1371/journal.pone.0216153.g001
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distributed continuous data, which were expressed as mean ± standard deviation and

median ± interquartile range (IQR), respectively. Multivariate logistic regression analysis was

applied to identify independent effects of univariate predictive variables on the occurrence of

MT for trauma adult patients. The odds ratios (ORs) with 95% confidence intervals (CIs) of

the associated conditions of the patients and the odds of a need for MT based on a given value

of ΔSI were obtained. The plot of specific receiver operating characteristic (ROC) curves was

used to evaluate the best cutoff point that could predict the patient’s probability of receiving

MT. The cutoff point was derived from ROC curves based on the maximal Youden index,

which was calculated as sensitivity + specificity − 1, to reflect the maximal correct classification

accuracy. The accuracy of ΔSI in predicting the MT was then calculated in terms of sensitivity

and specificity for this cutoff point. An area under the curve (AUC) of more than 0.9 was

defined as high accuracy, between 0.9 and 0.7 as moderate accuracy, and less than 0.7 as low

accuracy [16]. A P-value < 0.05 indicated statistical significance.

Results

Patient characteristics

There was no significant difference between the MT and non-MT groups in terms of age, prev-

alence rates of comorbidities (except the rates of HTN), field SBP, and field SI (Table 1). A sig-

nificantly predominant male population and lower ER SBP was found in the MT group than

the non-MT group. The MT group had a significantly, higher field HR, ER HR, ER SI, ΔSI, ISS

and rate of in-hospital mortality than the non-MT group. The univariate logistic regression

analysis (Table 2) demonstrated that a male gender, pre-existing HTN, scene HR, SBP and HR

at ER, ER SI, ΔSI, and ISS were significant risk factors for MT in the trauma adult patients. In

contrast, age and other pre-existing co-morbidities were not significant risk factors for MT.

The multivariate logistic regression analysis revealed that the only ISS (OR, 1.1; 95% CI, 1.11–

1.14; p< 0.001) were a significant independent risk factor for MT in trauma adult patients.

The SBP, HR, and SI at either the scene or ER as well as the ΔSI were not significant indepen-

dent risk factors for the requirement of MT.

ΔSI and the need for MT

According to the ROC curve analysis, a ΔSI of 0.06 as the cutoff point had the highest AUC of

0.61, with a sensitivity of 0.415 and specificity of 0.841 (Fig 2). There was a low accuracy of the

discriminating power of ΔSI in predicting the requirement of MT. There was no significant

difference in odds of need for MT between patients with a ΔSI� -0.01 and those with a

ΔSI< 0.01 (Table 3). Patients with a ΔSI� 0.00 had a significant 1.8-fold need for MT than

those with a ΔSI< 0.00 (1.4% vs. 0.8%, p = 0.01). As a given value of ΔSI was higher for sepa-

rating these trauma patients, the odds of a need for MT in patients with ΔSI� the given value

were increased and significantly higher than those with ΔSI less than the given value (Fig 3).

At the cutoff point of ΔSI being 0.06, patients with a ΔSI� 0.06 had a significant 3.7-fold need

for MT than those with a ΔSI less than 0.06 (2.7% vs. 0.7%, p< 0.001). Furthermore, patients

with a ΔSI� 0.20 had a significant 7.4-fold need for MT than those with a ΔSI < 0.20 (5.9% vs.

0.8%, p< 0.001).

Discussion

This study revealed that the accuracy with which the ΔSI predicted a requirement for MT was

not satisfactory. However, it is noted that patients had a significant higher need for MT when

the patients had a ΔSI� 0.00 and, as the ΔSI increased, the odds of a need for MT in patients
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with ΔSI� a given value significantly increased. This result may also imply that an increase in

HR under same value of SBP of the patients suggests a higher odd of need for MT. In this

study, a higher SI at the ER compared to the SI in the field significantly increased the odds of a

need for MT. In addition, the size of the delta is significantly associated with need for MT. The

larger the gap between the SI at the ER and that in the field, the higher the odds of need for

MT.

In this study, the ΔSI was not a significant independent risk factor for the requirement of

MT and was also inaccurate in predicting the need for a MT; the AUC of ΔSI (AUC, 0.61) was

even lower than that of SI (AUC, 0.760) and MSI (AUC, 0.756) [1]. In another study on hospi-

talized patients aged above 14 years with severe injury (ISS� 16), the AUC of SI (AUC, 0.89)

and MSI (AUC, 0.90) were higher in predicting massive bleeding in patients [7]. We believe

this is because we only included patients with stable blood pressure in the ER in this study.

The inclusion of those who had unstable blood pressure at the ER in the previous study popu-

lation could have increased the accuracy of the prediction of the investigated variables, because

the probability of MT in these patients with unstable blood pressure is higher and easy to pre-

dict. However, as performed in this study, to predict a need for MT in those trauma patients

who had stable blood pressure at ER is more meaningful. For the same reason, predicting the

need for MT in patients with severe injury is expected to be more accurate than that in patients

with mild injury and stable blood pressure. In this study, the multivariate logistic regression

analysis revealed that the only ISS were a significant independent risk factor for MT in trauma

Table 1. Characteristics and outcomes of patients who received and did not received massive blood transfusion. The P-values were calculated using chi-square test

for categorical variables as well as unpaired Student t-test and Mann-Whitney U test for normally and non-normally distributed continuous data, respectively.

Variables MT (Yes)

n = 82

MT (No)

n = 7,875

P-value

Age (years) 53.9 ±19.5 52.7 ±19.1 0.561

Gender, n (%) 0.005

Male 57 (69.5) 4224 (53.6)

Female 25 (30.5) 3651 (46.4)

Co-morbidities, n (%)

DM 11 (13.4) 1170 (14.9) 0.759

HTN 14 (17.1) 2179 (27.7) 0.034

CAD 6 (7.3) 262 (3.3) 0.058

CHF 0 (0.0) 54 (0.7) 0.677

CVA 2 (2.4) 280 (3.6) 0.771

ESRD 1 (1.2) 119 (1.5) >0.99

Field SBP (mmHg) 144.4 ±31.1 145.5 ±30.5 0.739

ER SBP (mmHg) 142.1 ±31.0 153.3 ±32.5 0.002

Field HR (beats/min) 93.3 ±21.5 57.9 ±16.3 0.003

ER HR (beats/min) 98.6 ±27.5 85.7 ±16.5 <0.001

Field SI 0.7 ±0.2 0.6 ±0.3 0.271

ER SI 0.7 ±0.3 0.6 ±0.2 <0.001

ΔSI 0.1 ±0.3 -0.1 ±0.3 <0.001

ISS (median, IQR) 27 (21–34) 9 (4–10) <0.001

Mortality, n (%) 39 (47.6) 141 (1.8) <0.001

CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval; CVA = cerebral vascular accident; DM = diabetes mellitus; EMS = Emergent

Medical Service; ER = Emergency room; ESRD = end-stage renal disease; HTN = hypertension; HR = Heart Rate; IQR = interquartile range; ISS = injury severity score;

MT = massive transfusion; SBP = Systolic Blood Pressure; SI = shock index; ΔSI = delta shock index

https://doi.org/10.1371/journal.pone.0216153.t001
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adult patients. However, because the ISS should be calculated according to the confirmatory

injury in all anatomical regions and is always calculated much later after admission, the predic-

tion of MT in those patients subdivided by a defined ISS seemed to be less useful in the clinical

setting.

Some models have been in development for years to enable prediction of the need for MT.

The Trauma Associated Severe Hemorrhage (TASH) score uses seven independent variables:

sex, SBP, HR, level of hemoglobin and base deficit, focused assessment with sonography in

trauma (FAST) results, and the presence or absence of complex long bone and/or pelvic frac-

tures. With a score of 16 points or above indicating a probability of MT of more than 50%, the

AUC for TASH is reported to be 0.892 [17, 18]. The Prince of Wales Hospital (PWH) score

uses seven independent variables: HR, SBP, level of hemoglobin and base deficit, displaced pel-

vic fracture, a positive FAST or CT result, and Glasgow Coma Scale score [2, 19, 20]. The

reported AUC of PWH is 0.889, with a sensitivity of 31.5% and specificity of 99.7% [2]. The

Assessment of Blood Consumption (ABC) score did not use laboratory data with non-

weighted variables, including HR, SBP, penetrating mechanism, and a positive FAST result.

With sensitivity of 75% and specificity of 86%, the reported AUC of ABC is 0.852 [21, 22]. The

Revised Assessment of Bleeding and Transfusion score was developed and the replacement of

hypotension and tachycardia with a SI>1.0 and inclusion of pelvic fracture as a variable

enhanced discrimination of ABC score for predicting the need for MT [23]. Although a higher

accuracy may be acquired by the inclusion of more parameters; however, what parameters are

available and able to increase the accuracy require further investigation and validation. For

example, some experienced physicians might wonder about the need for a prediction for MT

when laboratory data such as hemoglobin level and base deficit could be acquired with the

Table 2. Risk factors influencing massive transfusion in the trauma patients analyzed using univariate and multivariate logistic regression.

Univariate analysis Multivariate analysis

OR CI P OR CI P
Age (years) 1.0 (0.99–1.02) 0.551 – –

Gender (Male) 2.0 (1.23–3.16) 0.005 1.4 (0.81–2.32) 0.237
Co-morbidities

CVA 0.7 (1.17–2.77) 0.589 – –

HTN 0.5 (0.30–0.96) 0.035 0.9 (0.45–1.61) 0.619
CAD 2.3 (0.99–5.32) 0.053 – –

CHF – – – –

DM 0.9 (0.47–1.68) 0.715 – –

ESRD 0.8 (0.11–5.83) 0.830 – –

Scene SBP (mmHg) 1.0 (0.99–1.01) 0.739 – –

Scene HR (beats/min) 1.0 (1.01–1.03) 0.003 1.0 (0.99–1.02) 0.689
ER SBP (mmHg) 1.0 (0.98–1.00) 0.002 1.0 (0.98–1.02) 0.885
ER HR (beats/min) 1.0 (1.03–1.05) <0.001 1.0 (0.96–1.04) 0.979
Scene SI 1.3 (0.81–2.08) 0.280 – –

ER SI 41.9 (15.22–108.15) <0.001 5.1 (0.04–695.28) 0.514
ΔSI 56.8 (17.12–188.72) <0.001 4.7 (0.64–35.05) 0.129
ISS 1.1 (1.11–1.16) <0.001 1.1 (1.10–1.14) <0.001

CAD = coronary artery disease; CHF = congestive heart failure; CI = confidence interval; CVA = cerebral vascular accident; DM = diabetes mellitus; ER = emergency

room; HTN = hypertension; HR = Heart Rate; IQR = interquartile range; ISS = injury severity score; SBP = Systolic Blood Pressure; SI = shock index; ΔSI = delta shock

index

https://doi.org/10.1371/journal.pone.0216153.t002
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trauma mechanism easily. An earlier indicator that does not involve laboratory testing may

represent an attractive option.

According to the results of this study, we propose a simple concept that for the trauma

patient who has a stable blood pressure at the ER, a patient’s SI at the ER is equal to or higher

than that in recorded in the field (i.e., ΔSI� 0.00) indicated there is significantly higher odds

of a need for MT. The size of the delta is significantly associated with need for MT. However,

some limitations should be acknowledged in this study. First, the retrospective study design

may carry a selection bias, as it cannot be determined if the indication and judgment regarding

the amount of blood transfused would have been the same among different physicians at the

ER. Second, the volume and rate of other fluids infused during resuscitation by the EMS and

at the ER is unknown, and this variation might be extensive. Third, prior medication history

Fig 2. Receiver operating characteristic (ROC) curve analysis to identify the cutoff levels of ΔSI for the requirement of MT.

https://doi.org/10.1371/journal.pone.0216153.g002
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such as consumption of antihypertensive drugs, beta-blockers, and anti-anxiety drugs was

unknown, and such drugs might influence SBP and HR and, therefore, the SI in the field or at

the ER. Fourth, the requirement for massive transfusion in some patients was due to the surgi-

cal procedures, thus may lead to a bias in the assessment for the requirement of transfused

blood for initial injury. An analysis under more acute definition, e.g. 5 U in 4 h or 4 U in 2 h,

may reflect the requirement of blood transfusion for the initial injury. However, such analysis

was limited by the available registered data and present different meaning in the preparation

of large blood amount (10 U of blood but not less amount of blood) in cope with the critical

condition of the patients. A prospective study with information of initial fluid resuscitation at

the field, implementation and method of damage control, delayed time to hemorrhage control,

and injury to body regions would be valuable in elucidating blood requirement of the patients

at the ER. In addition, the study was limited to one trauma center, and the information

obtained may limit its generalizability [24–26], and the cutoff values may also differ among

countries or various trauma systems. Finally, the vital signs were based on values recorded by

the experts of the EMS and the nurse at the triage desk; however, vital signs have a dynamic

Table 3. Odds and risk for MT in patients with ΔSI� the defined value than those with ΔSI< the defined value.

Defined value of ΔSI Patient with ΔSI� defined value Patient with ΔSI < defined value OR(95% CI) P-value

Patient number (MT) Patient number

(total)

MT %

(%)

Patient number (MT) Patient number

(total)

MT %

(%)

-0.06 58 5,033 1.2% 24 2,924 0.8% 1.4(0.87–2.27) 0.158

-0.05 55 4,799 1.2% 27 3,158 0.9% 1.3(0.85–2.14) 0.208

-0.04 52 4,458 1.2% 30 3,499 0.9% 1.4(0.87–2.14) 0.175

-0.03 48 4,107 1.2% 34 3,850 0.9% 1.3(0.85–2.06) 0.207

-0.02 45 3,734 1.2% 37 4,223 0.9% 1.4(0.89–2.14) 0.147

-0.01 42 3,335 1.3% 40 4,622 0.9% 1.5(0.95–2.26) 0.086

0.00 41 2,893 1.4% 41 5,064 0.8% 1.8(1.14–2.72) 0.010

0.01 40 2,277 1.8% 42 5,680 0.7% 2.4(1.55–3.71) <0.001

0.02 38 1,976 1.9% 44 5,981 0.7% 2.6(1.71–4.10) <0.001

0.03 36 1,749 2.1% 46 6,208 0.7% 2.8(1.81–4.37) <0.001

0.04 35 1,563 2.2% 47 6,394 0.7% 3.1(1.99–4.81) <0.001

0.05 35 1,386 2.5% 47 6,571 0.7% 3.6(2.31–5.59) <0.001

0.06 33 1,236 2.7% 49 6,721 0.7% 3.7(2.39–5.83) <0.001

0.07 31 1,113 2.8% 51 6,844 0.7% 3.8(2.43–5.99) <0.001

0.08 31 1,020 3.0% 51 6,973 0.7% 4.2(2.70–6.65) <0.001

0.09 28 915 3.1% 54 7,042 0.8% 4.1(2.57–6.48) <0.001

0.10 28 817 3.4% 54 7,140 0.8% 4.7 (2.93–7.39) <0.001

0.11 27 749 3.6% 55 7,208 0.8% 4.9(3.05–7.76) <0.001

0.12 24 673 3.6% 58 7,284 0.8% 4.6(2.84–7.46) <0.001

0.13 23 609 3.8% 59 7,348 0.8% 4.8(2.97–7.91) <0.001

0.14 22 545 4.0% 60 7,412 0.8% 5.2(3.14–8.47) <0.001

0.15 22 499 4.4% 60 7,458 0.8% 5.7(3.46–9.35) <0.001

0.16 22 465 4.7% 60 7,492 0.8% 6.2(3.74–10.12) <0.001

0.17 22 411 5.4% 60 7,456 0.8% 7.1(4.28–11.62) <0.001

0.18 22 384 5.7% 60 7,573 0.8% 7.6(4.62–12.54) <0.001

0.19 21 355 5.9% 61 7,602 0.8% 7.8(4.68–12.92) <0.001

0.20 19 329 5.9% 63 7,628 0.8% 7.4(4.35–12.45) <0.001

ΔSI = delta shock index; CI = confidence interval; OR = odds ratio.

https://doi.org/10.1371/journal.pone.0216153.t003

Delta shock index in predicting massive transfusion

PLOS ONE | https://doi.org/10.1371/journal.pone.0216153 April 25, 2019 8 / 11

https://doi.org/10.1371/journal.pone.0216153.t003
https://doi.org/10.1371/journal.pone.0216153


nature and the conclusions drawn from a single measurement may differ from those drawn

from multiple measurements averaged over time.

Conclusion

This study indicated that, in trauma patients with stable blood pressure at the ER, the accuracy

of prediction of the requirement for MT by ΔSI is low. However, the size of the delta is signifi-

cantly associated with need for MT and a lack of improvement in the patient’s SI at the ER

compared to that in the field significantly increases the odds of a need for MT.
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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.
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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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The influence of ageing on the incidence
and site of trauma femoral fractures: a
cross-sectional analysis
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Abstract

Background: This study aimed to determine the influence of ageing on the incidence and site of femoral fractures
in trauma patients, by taking the sex, body weight, and trauma mechanisms into account.

Methods: This retrospective study reviewed data from adult trauma patients aged ≥20 years who were admitted
into a Level I trauma center, between January 1, 2009 and December 31, 2016. According to the femoral fracture
locations, 3859 adult patients with 4011 fracture sites were grouped into five subgroups: proximal type A (n = 1359),
proximal type B (n = 1487), proximal type C (n = 59), femoral shaft (n = 640), and distal femur (n = 466) groups. A
multivariate logistic regression analysis was applied to identify independent effects of the univariate predictive
variables on the occurrence of fracture at a specific site. A two-dimensional plot was presented visually with age
and the propensity score accounts for the risk of a fracture at a specific femoral site.

Results: This analysis revealed that older age was an independent variable that could positively predict the occurrence
of proximal type A (OR [95%CI]: 1.03 [1.03–1.04], p < 0.001) and B fractures (1.02 [1.01–1.02], p < 0.001), and negatively
predict the occurrence of proximal type C (0.96 [0.94–0.98], p < 0.001), shaft (0.95 [0.95–0.96], p < 0.001), and distal
fractures (0.98 [0.98–0.99], p < 0.001).

Discussion: Using the propensity scores which account for the risk of a fracture in a specific femoral site, this study
revealed that the older patients were at a higher risk of developing proximal type A and type B fractures, while a lower
risk of developing fractures in the shaft and distal femur. This incidence of fracture site can largely be explained by age-
related factors, including a decrease in bone strength and falling being the most common mechanism of trauma in
older patients.

Conclusions: This study revealed a difference in the involvement of age in the incidence of femoral fracture sites in
the trauma patients.

Keywords: Femur, Fracture, Trauma, Weight, Obese, Fall, Osteoporosis, Age

Introduction
Femoral fractures are an injury commonly seen in the emer-
gency room. According to an 11-year long population-based
cohort study in Taiwan, the adjusted standard incidence rate
of hip fracture is between 5.01 and 11.70 per million
persons. As the longest bone in the human body, the femur
is divided into several different parts including the head,

neck, greater and lesser trochanters, shaft, and the distal
condyles. Fractures can occur in any of these areas. The
fracture site is determined by the force, the impact point,
and how the forces are transmitted through the bone [1]. In
addition, the fracture site of the femur may also be deter-
mined by the structure and strength of the bone. The site of
femoral fracture can be categorized according to the
Arbeitsgemeinschaft für Osteosynthesefragen (AO) classifi-
cation as proximal femoral (type A: trochanteric; type B:
neck; and type C: head), femoral shaft, and distal femoral
fractures [2].
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Determination of the influence of age on the incidence
of femoral fractures in any given part of the bone is
complex, because many age-related factors, including
gender, trauma mechanism, body weight, and bony
density, would also have impact on the occurrence of
the femoral fracture. The factors influencing femoral
fracture site are interrelated and are not independent.
For example, increasing age is associated with osteopor-
otic bone changes, which are believed to increase the
rate of femoral fracture; falls occur more frequently in
the elderly [3, 4] but traffic-related fractures caused by
motorcycle or bicycle accidents occur more often in
younger adults and the rate of its occurrence differs
between genders [4, 5]. In a fall accident, the force dir-
ectly impacts the posterolateral aspect of the greater
trochanter, but the impact point is not limited to only
this site in a non-fall accident. Therefore, proximal type
A and B fractures are predominant in falls, but in
motorcycle accidents, femoral shaft fracture comprises
the most common fracture site, followed by distal
femoral fractures [4]. In addition, The distribution of
impact force through the hip that is associated with falls
from a standing height is greater than the average energy
required to fracture an elderly hip but not that of a
younger adult [6]. Furthermore, gender is another im-
portant risk factor that has influence on the occurrence
of femoral fracture, as a sharp decline in bone mineral
density (BMD) among women during transition from
5th to 6th decade which signifies association of meno-
pause with osteoporosis [7]. Obesity is another of the
most important factor that determines possible osteo-
porotic change to a femur [8–10]. Previous studies have
shown that the magnitude of traumatic impact force
increases in proportion to body weight and thus would
increase the incidence of fractures around the knee [11].
However, some studies report that obese patients have a
lower rate of hip fracture [12–14], which may be due to
increased cushioning of the bone by fat deposits over
the trochanter and iliac wing areas [15, 16], and more
importantly, increased bone density and less osteopor-
otic bone [17, 18].
Therefore, using the propensity scores which account

for the risk of a fracture in a specific femoral site, this
study aimed to determine the association of age with the
site and incidence of femoral fracture in trauma patients,
by taking the sex, body weight, and trauma mechanisms
(fall and non-fall) into account.

Methods
Ethics statement
Ethical approval for this study was obtained from the
institutional review board (IRB) of the Kaohsiung Chang
Gung Memorial Hospital, a level I regional trauma
center in southern Taiwan [5, 19, 20] (reference number:

201800742B0). According to IRB regulations, the need
for informed consent was waived.

Study population
This was a retrospective study and the work has been
reported according to the guideline of Strengthening the
Reporting of Cohort Studies in Surgery (STROCSS) [21].
This retrospective study reviewed data from 27,462
trauma patients registered between January 1, 2009 and
December 31, 2016 (Fig. 1). The inclusion criteria re-
quired patients to be aged ≥20 years and hospitalized for
the treatment of femoral fracture following injury.
Patients with incomplete data were excluded. The pa-
tient data that was retrieved included age; sex; mechan-
ism of trauma; BMI (which was calculated as weight
(kg)/height (m)2). Patients were classified 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) based on the defin-
ition recommended by the World Health Organization
[22, 23]. Trauma patients were categorized as faller (fall
from standing height) or non-faller (which included
motor vehicle accidents, motorcycle accidents, bicycle
accidents, and patients struck by/against an object).
According to the femoral fracture locations, 3859 pa-
tients with 4011 fracture sites were grouped into five
subgroups as patients with fracture of proximal type A
(n = 1359), proximal type B (n = 1487), proximal type C
(n = 59), femoral shaft (n = 640), and distal femur (n = 466).

Statistical analysis
Statistical analysis was performed using SPSS for Windows
version 22 (IBM Corp., Armonk, NY, USA). For each sub-
group of patients, the categorical variables of the patients
were compared using a Pearson chi-squared test or Fishers
exact test and presented as odds ratios (ORs) with 95%
confidence intervals (CIs). The continuous variables were
estimated using Levene’s test for homogeneity of variance
and evaluated using one-way analysis of variance (ANOVA)
with a Games–Howell post-hoc test to analyze the differ-
ences between the patients with or without femoral fracture
at a specific site. Continuous data were expressed as
mean ± standard deviation. Multivariate logistic regression
analysis was applied to identify independent effects of
univariate predictive variables on the occurrence of fracture
at a specific site. A p value of < 0.05 was determined to be
statistically significant. To provide an illustration of the
pattern of patient characteristics in relation to the risk of
occurrence of a femur fractures at a specific site, the pro-
pensity score which account for the risk of a fracture in a
specific femoral site was calculated. This generated a scalar
value defined as the conditional probability of assignment
to an event, given a vector of observed covariates [24, 25].
These propensity scores and the factor of age were
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presented visually in a two-dimensional plot using the
Generic X-Y Plotting functions in the pROC package in R
(version 3.3.3.).

Results
The association of patient characteristics with the site of
femoral fractures
As shown in the Tables 1 and 2, the patients who sus-
tained proximal type A and B fractures were significantly
older (78 vs. 69-years, p < 0.001 and 76 vs. 70-years, p <
0.001, respectively) than those that did not have femoral
fracture in same location. In contrast, the patients who

sustained proximal type C (35 vs. 73-years, p < 0.001),
shaft (44 vs. 75-years, p < 0.001), and distal fractures (60
vs. 74-years, p < 0.001) were significantly younger than
those who did not have a femoral fracture in same loca-
tion. There were significantly fewer male patients with a
proximal type B fracture (p < 0.001); however, there was
a significant male predominance for proximal type C
fracture (p < 0.001) and shaft fractures (p < 0.001). More
patients who were involved in a fall had proximal type A
fractures than those who did not have a fall (78.0% vs.
59.3%, p < 0.001). In contrast, fewer patients with prox-
imal type B (22.0% vs. 57.0%, p < 0.001), C (16.9% vs.

Fig. 1 A flow chart presenting the grouping of fracture sites among the hospitalized adult patients with traumatic femoral bone fractures, based
on the AO classification. There are five femoral fracture sites: proximal type A (trochanteric), proximal type B (neck), proximal type C (head),
femoral shaft, and distal femur

Table 1 The association of patient characteristics with proximal type A, B, and C femoral fractures

Proximal A fracture Proximal B fracture Proximal C fracture

No Yes p No Yes p No Yes p

n = 2500 n = 1359 n = 2372 n = 1487 n = 3800 n = 59

Age (years) 69 [52, 79] 78 [67, 84] < 0.001 70 [49, 81] 76 [66, 82] < 0.001 73 [58, 81] 35 [26, 52] < 0.001

Male, n (%) 1035 (41.4) 585 (43.0) 0.339 1095 (46.2) 525 (35.3) < 0.001 1578 (41.5) 42 (71.2) < 0.001

Fall, n (%) 1482 (59.3) 1060 (78.0) < 0.001 1353 (57.0) 299 (22.0) < 0.001 2532 (66.6) 10 (16.9) < 0.001

BMI, median [IQR] 23.2 [20.8, 26.2] 22.9 [20.4, 25.6] 0.001 23.6 [21.0, 26.6] 22.5 [20.2, 25.0] < 0.001 23.1 [20.7, 26.0] 25.3 [22.7, 28.7] < 0.001

Weight, n (%) 0.001 < 0.001 0.029

Obese 327 (13.1) 148 (10.9) 332 (14.0) 143 (9.6) 464 (12.2) 11 (18.6)

Overweight 611 (24.4) 309 (22.7) 624 (26.3) 296 (19.9) 900 (23.7) 20 (33.9)

Normal weight 1367 (54.7) 746 (54.9) 1223 (51.6) 890 (59.9) 2086 (54.9) 27 (45.8)

Underweight 195 (7.8) 156 (11.5) 193 (8.1) 158 (10.6) 350 (9.2) 1 (1.7)

BMI Body mass index, IQR Interquartile range
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66.6%, p < 0.001), distal (25.8% vs. 73.8%, p < 0.001) and
shaft (37.8% vs. 69.7%, p < 0.001) fractures had been in-
volved in a fall than those non-fallers. Patients who had
proximal type A and B fractures had a significantly lower
BMI (22.9 vs. 23.2, p < 0.001 and 22.5 vs. 23.6, p < 0.001,
respectively) than those who did not have a femoral frac-
ture in same location; in contrast, patients who had
proximal type C (25.3 vs. 23.1, p < 0.001), shaft (24.3 vs.
22.9, p < 0.001) and distal fractures (25.0 vs. 22.9, p < 0.001)
had a significantly higher BMI than those who did not have
a femoral fracture in same location.

Independent variables of patient characteristics
associated with sites of femoral fractures
As shown in Table 3, multivariate logistic regression
analysis was applied to identify the independent variables
that were associated with the occurrence of femoral

fracture at a specific site. This analysis revealed that
older age was an independent variable that could posi-
tively predict the occurrence of proximal type A (OR
[95%CI]: 1.03 [1.03–1.04], p < 0.001) and B fractures
(1.02 [1.01–1.02], p < 0.001), and negatively predict the
occurrence of proximal type C (0.96 [0.94–0.98], p <
0.001), shaft (0.95 [0.95–0.96], p < 0.001), and distal
fractures (0.98 [0.98–0.99], p < 0.001). In terms of prox-
imal type A fractures, males had a 70% greater risk
(OR = 1.70), when compared to females, and those who
had a fall had a 47% greater risk (OR = 1.47), when com-
pared to non-fallers. In terms of proximal type B frac-
tures, fallers had a 93% greater risk (OR = 1.93), when
compared to non-fallers, but those who were obese had
a 28% lower risk (OR = 0.72) than those who were not
obese. In terms of proximal type C and distal fractures,
those who had a fall had a 63% lower risk (OR = 0.37)

Table 2 The association of patient characteristics with femoral shaft and distal femoral fractures

Shaft fracture Distal fracture

No Yes p No Yes p

n = 3219 n = 640 n = 3393 n = 466

Age (years) 75 [63, 83] 44 [26, 65] < 0.001 74 [60, 82] 60 [41, 73] < 0.001

Male, n (%) 1256 (39.0) 364 (56.9) < 0.001 1428 (42.1) 192 (41.2) 0.754

Fall, n (%) 2377 (73.8) 165 (25.8) < 0.001 2366 (69.7) 176 (37.8) < 0.001

BMI, medium [IQR] 22.9 [20.5, 25.8] 24.3 [21.6, 27.1] < 0.001 22.9 [20.4, 25.7] 25.0 [22.2, 28.2] < 0.001

Weight, n (%) < 0.001 < 0.001

Obese 365 (11.3) 110 (17.2) 383 (11.3) 92 (19.7)

Overweight 736 (22.9) 184 (28.7) 766 (22.6) 154 (33.0)

Normal weight 1799 (55.9) 314 (49.1) 1904 (56.1) 209 (44.8)

Underweight 319 (9.9) 32 (5.0) 340 (10.0) 11 (2.4)

BMI Body mass index, IQR Interquartile range

Table 3 Variables applied to multivariate logistic regression analysis to identify the independent factors associated with the
occurrence of femoral fracture at a specific site

Fracture site Proximal A Proximal B Proximal C

Variables coefficient OR (95%CI) p coefficient OR (95%CI) p coefficient OR (95%CI) p

Age 0.03 1.03 (1.03–1.04) < 0.001 0.02 1.02 (1.01–1.02) < 0.001 −0.04 0.96 (0.94–0.98) < 0.001

Male 0.53 1.70 (1.46–1.98) < 0.001 − 0.11 0.90 (0.78–1.04) 0.15 0.39 1.48 (0.83–2.77) 0.20

Faller 0.39 1.47 (1.22–1.77) < 0.001 0.66 1.93 (1.61–2.31) < 0.001 − 0.99 0.37 (0.16–0.83) 0.02

obese −0.04 0.96 (0.77–1.19) 0.73 −0.33 0.72 (0.58–0.89) < 0.001 0.24 1.27 (0.61–2.42) 0.50

Intercept −3.33 0.04 (0.02–0.05) < 0.001 −2.04 0.13 (0.09–0.18) < 0.001 −1.78 0.17 (0.07–0.40) < 0.001

Fracture site Shaft Distal

Variables coefficient OR (95%CI) p coefficient OR (95%CI) p

Age −0.05 0.95 (0.95–0.96) < 0.001 −0.02 0.98 (0.98–0.99) < 0.001

Male −0.20 0.82 (0.66–1.01) 0.07 − 0.60 0.55 (0.44–0.69) < 0.001

Faller −1.00 0.37 (0.29–0.47) < 0.001 − 1.06 0.35 (0.27–0.45) < 0.001

obese 0.28 1.32 (1.00–1.74) 0.05 0.53 1.70 (1.30–2.20) < 0.001

Intercept 1.89 6.65 (4.62–9.62) < 0.001 −0.18 0.84 (0.58–1.21) 0.35
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than those non-fallers. Regarding distal fracture, males
and fallers had a 45 and 65% lower risk (OR = 0.55 and
0.35, respectively) than females and those non-fallers,
respectively, but those obese patients had a 70% greater
risk (OR = 1.70) than those who were not obese.

An illustration of the pattern of patient characteristics in
relation to the risk of occurrence of a fracture
The relationships between fracture risk patterns and
patient characteristics in those who sustained proximal
type A (Fig. 2) or B (Fig. 3) fractures are similar and
revealed that, in these two fracture sites, older patients
had a higher risk of fractures, the patients with a fall had
a higher risk of sustaining a fracture, while those who
were obese were at a lower risk of developing fractures
in these sites. The incidence of proximal type A and B
fractures increased with age both in the female and male
patients.
The relationships between fracture risk patterns and

patient characteristics in those who sustained a shaft
(Fig. 4) or distal (Fig. 5) fracture are similar. The results
are contrary to those observed for patients who had
proximal type A or type B fractures. As noted in the
illustrations, in the shaft and distal fracture sites, older
patients and patients who had suffered a fall had a lower
risk of sustaining these types of fracture, while those
who were obese were at a higher risk of developing these
fractures. The risk of developing shaft and distal femoral
fractures decreased with age in both female and male
patients. Furthermore, the fracture risk pattern for prox-
imal type C fractures (Fig. 6) was similar to that ob-
served in those who had a shaft or distal fracture,
however, the trend is less prominent in this case and is

less obvious because there were only a small number of
patients with a proximal type C fractures (n = 59).

Discussion
This study revealed a difference in the involvement of
age in the incidence of femoral fracture sites in the
trauma patients. Older patients were at a higher risk of
developing proximal type A and type B fractures, while a
lower risk of developing fractures in the shaft and distal
femur. This incidence of fracture site can largely be
explained by age-related factors, including a decrease in
bone strength and falling being the most common
mechanism of trauma in older patients. In cases where
trauma is caused by a fall, the force directly impacts the
posterolateral aspect of the greater trochanter, making
the femoral neck particularly vulnerable to fractures
[26]. Fall has been reported to be the major cause of
intracapsular neck and peritrochanteric fractures of the
femur [27], which are closely associated with severe gen-
eralized bone loss, and account for a significant propor-
tion of femoral fractures in the elderly [28, 29]. In obese
patients, increased soft tissue padding around the hip
attenuates the greater impact forces that result from falls
and reduces the force transmitted to the bone [15, 16].
In contrast, obese patients had a higher odds risk for
shaft and distal femoral fractures in fall accidents [4]. In
this type of scenario, the body weight associated with
obesity would increase the impact force but provide less
protection in the shaft and distal region of the femur.
Femoral shaft and distal fractures can occur in youn-

ger patients without any evidence of osteoporosis, usu-
ally as a result of a high-energy trauma such as a motor
vehicle accident or motorcycle accident [8, 9, 30, 31].
The impact of the energy transmitted to the bone is

Fig. 2 Plots showing fracture risk for proximal type A fractures in the female and male patients. X-axis: Age; Y-axis: Propensity score for the
occurrence of a proximal type A fracture
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generally greater in traffic accidents than in fall acci-
dents, and the point of impact to the femur is not lim-
ited to the greater trochanter, which commonly occurs
in falls. In cases involving high-energy trauma to various
sites of the femur, obesity does not reduce the impact,
and may even increase the trauma by applying an
unbearable load to the bone, as the magnitude of impact
force increases in proportion to body weight. For
example, it has been demonstrated that in motor vehicle
accidents, an elevated BMI decreases the risks of injury
in nearside impacts, but increases the risk of lower-ex-
tremity injury in frontal crashes [15, 16].
Increasing age has been reported to be associated with

an increase in the incidence of proximal type A fractures

in women and an increase in the incidence of proximal
type B and C fractures in men [32]. In addition, previous
studies have demonstrated that the proportion of tro-
chanteric fractures increased with age in female patients
but not in male patients [30, 33, 34]. This phenomenon
is believed to be due to more pronounced bone loss in
older female patients compared to males, which makes
female subjects more susceptible to peritrochanteric
fractures than intracapsular fractures [30, 33, 34]. In this
study, we did not find a difference between genders, and,
as patients increased in age, the trend for both female
and male patients to sustain a fracture in a given femoral
site was similar. While the incidence of proximal type A
and B fractures increased with age in both genders, the

Fig. 3 Plots showing fracture risk for proximal type B fractures in the female and male patients. X-axis: Age; Y-axis: Propensity score for the
occurrence of a proximal type B fracture

Fig. 4 Plots showing fracture risk for femoral shaft fractures in the female and male patients. X-axis: Age; Y-axis: Propensity score for the
occurrence of a femoral shaft fracture
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incidence of shaft and distal femoral fractures decreased
with age in both genders. Female gender is independ-
ently associated with a higher rate of a proximal type A
fractures and a lower rate of distal fractures.
In this study, the head of the femur was the part that

was the least likely to be fractured, probably because it is
relatively hidden in the acetabulum, therefore would
only fracture if an impact force was transmitted from
the femur to the hemi pelvis and acetabulum. Although
the fracture risk pattern in proximal type C fractures
was similar to that observed in those who had a shaft or
distal fracture, the trend is less clear due to the small
number of patients with this type of fracture. This makes
it harder to draw conclusions about fractures at this site.

This study has some limitations that need to be ac-
knowledged. First, the retrospective design of the study
may have resulted in a selection bias. Second, the impact
force, impact location and the protection method were
unknown during the trauma accident, especially consid-
ering these factors may vary widely during a high-speed
motorcycle accidents. Third, the lack of information
regarding the status of osteoporosis may lead to a bias in
the analysis. Fourth, this study does not cover a number
of risk factors, which have been identified for as risk
factors for fracture including medication use such as
glucocorticoids [35, 36] or bisphosphonates [37], previ-
ous fragility fractures [38], and smoking and alcohol
consumption [39], which may result in a bias in the

Fig. 5 Plots showing fracture risk for fractures of the distal femur in the female and male patients. X-axis: Age; Y-axis: Propensity score for the
occurrence of a fracture of the distal femur

Fig. 6 Plots showing fracture risk for proximal type C fractures in the female and male patients. X-axis: Age; Y-axis: Propensity score for the
occurrence of a proximal type C fracture
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analysis. At last, the population included in this study is
limited to a single urban trauma center in southern
Taiwan, which means that the results may be different
in other regions.

Conclusion
This study revealed that the fracture risk for developing
proximal type A and B fractures increases with aging in
a similar pattern, which is in contrast to the fracture risk
pattern for shaft or distal fractures.
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A B S T R A C T

Background: This study aimed to identify the risk factors and complications associated with mortality in elderly
patients with femoral fracture after a fall from the ground level.
Methods: This retrospective study reviewed data pertaining to elderly patients aged ≥65 years who were ad-
mitted into a Level I trauma center, between January 1, 2009 and December 31, 2017. Multivariate logistic
regression analysis was performed to identify independent effects of univariate predictive variables on the oc-
currence of mortality.
Results: Of 2407 enrolled elderly patients, there were 42 mortal and 2365 survival patients. A greater percentage
of fatal patients than survival patients had a head injury with abbreviated injury scale (AIS) score≥ 2 in the
head/neck region (4.8% vs. 0.7%, respectively; p= 0.042). Multivariate logistic regression analysis revealed
that the age (odds ration [OR] 1.1, 95% confident interval [CI] 1.0–1.1, p < 0.001), pre-existence of end-stage
renal disease (ESRD) (OR 3.2, 95% CI 1.2–8.7, p= 0.023), and subarachnoid hemorrhage (SAH) (OR 12.1, 95%
CI 1.3–113.9, p= 0.029) were significant independent risk factors for mortality in elderly patients with a fe-
moral fracture resulting from a ground level fall. The patients in mortality group had a significantly higher rates
of pneumonia (OR 28.6, 95% CI 14.6–55.9, p < 0.001), respiratory failure (OR 68.7, 95% CI 32.2–146.4,
p < 0.001), sepsis (OR 26.3, 95% CI 10.9–63.4, p < 0.001), and pulmonary embolism (OR 14.4, 95% CI
1.6–131.6, p= 0.002) than those in the survival groups.
Conclusions: This study identified age, pre-existence of ESRD, and SAH as significant independent risk factors for
mortality in elderly patients with femoral fracture in a fall. However, ESRD and SAH only contribute to the
mortality in a small group of patients. In contrast, respiratory complications contributed greatly to mortality.
Thus aggressive chest-protective measures are encouraged to decrease the respiratory complications associated
with femoral fracture in elderly patients.

1. Introduction

Falls are a main cause of morbidity and disability in the elderly
[1,2]. Around 30% of people over 65 years of age fall each year [3], and
half of such cases the falls are recurrent [1]. The elderly are at an
especially high risk of death after a fall [4]. An estimated 55% of all
unintentional injury-related deaths among the elderly over 65 years of

age are due to falls [5]. In a population-based retrospective cohort
study of 312,758 hospitalizations, the 30-day mortality rate after falls
was 2.9–4.2% [6].

Consequences of falls in the elderly often include fractures, im-
mobility, impairment, and sometimes death. Falls are also the major
cause of femoral fractures in the elderly [7,8]. Among 261 retro-
spectively analyzed fatal falls of elderly individuals over 65 years of
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age, the most severely injured body region was the head, followed by
the hip [4]. However, hip fracture was the only serious injury leading to
hospitalization and death [4]. It was estimated by a cross-sectional
population-based study that 5.5% of elderly patients with a diagnosis of
fall-related hip fracture died during hospitalization [9]. With osteo-
porotic bone changes occurring in patients with increasing age, even a
fall from ground level is associated with an increased rate of femoral
fracture and risk of mortality [10]. In Taiwan the total number of hip
fractures increased steadily from 12,479 to 19,841 cases annually from
1996 to 2010 [11]. The hip fractures with subsequent morbidity are
also increasing in Taiwan as that occurred in the aging society of other
countries [12]. However, the Taiwanese population had among the
highest hip fracture rates in the world [13]. The average female-to-male
ratio of hip fracture in Taiwanese population was about 1.6–1.8, lower
than those in many countries [13,14]. In addition, the men had higher
mortality rates in hospital than the women, albeit the latter out-
numbered men in all types of hip fractures [11]. Therefore, we aimed to
determine the risk factors and complications contributing to mortality
in elderly Taiwanese patients with femoral fracture after a fall from
ground level.

2. Methods

2.1. Data extraction

This was a retrospective study and the work has been reported with
the STROCSS criteria [15] and has been submitted to ClinicalTrials.gov
that Unique Identifying Number is NCT03800186. The medical records
of a total of 27,462 enrolled trauma patients registered between Jan-
uary 1, 2009 and December 31, 2017 in the Trauma Registry System
[16–18] were reviewed for this study. The inclusion criteria were age
≥65 years and hospitalization for the treatment of femoral fracture
following a fall from standing height level (< 1m). This study excluded
those patients with a fall from ≥1m as well as those for whom in-
complete data were available. Retrieved patient data included age; sex;
pre-existing comorbidities such as cerebral vascular accident (CVA),
hypertension (HTN), coronary artery disease (CAD), congestive heart
failure (CHF), diabetes mellitus (DM), and end-stage renal disease
(ESRD); abbreviated injury scale (AIS) score; injury severity score (ISS)
expressed as median and interquartile range (IQR; Q1–Q3); Glasgow
coma scale (GCS) score; occurrence of subdural hemorrhage (SDH),
subarachnoid hemorrhage (SAH), intracerebral hemorrhage (ICH), or
epidural hemorrhage (EDH) on brain computed tomography (CT);
length of stay (LOS) in hospital; admission into an intensive care unit
(ICU); in-hospital mortality; and cause of mortality.

2.2. Statistical analysis

SPSS for Windows version 22.0 (IBM Corp., Armonk, NY, USA) was
used for the statistical analysis. The categorical variables were analyzed
using Pearson's chi-squared test or Fisher's exact test and are presented
as odds ratios (ORs) with 95% confidence intervals (CIs). The con-
tinuous variables were estimated using Levene's test for homogeneity of
variance, analyzed using one-way analysis of variance with a
Games–Howell post-hoc test, and expressed as mean ± standard de-
viation. Multivariate logistic regression analysis was applied to identify
independent effects of univariate predictive variables on the occurrence
of mortality for elderly patients after a fall. P values < 0.05 were
considered statistically significant.

3. Results

3.1. Patient characteristics and outcomes

A total of 2407 elderly patients with femoral fracture resulting from
a fall were included in this study (Fig. 1). Patients were categorized into

Fig. 1. Flow chart of the inclusion of elderly trauma patients who sustained a
femoral bone fracture in a fall.

Table 1
Characteristics and outcomes of elderly patients who sustained a fall-induced
femoral fracture.

Variables Death n= 42 Survival n= 2365 P

Age (years) 83.6 ±7.8 79.6 ± 7.2 <0.001
Gender 1.000
Male, n (%) 12 (28.6) 663 (28.0)
Female, n (%) 30 (71.4) 1702 (72.0)

Co-morbidities
CVA, n (%) 6 (14.3) 363 (15.3) 1.000
HTN, n (%) 32 (76.2) 1602 (67.7) 0.317
CAD, n (%) 8 (19.0) 261 (11.0) 0.131
CHF, n (%) 1 (2.4) 71 (3.0) 1.000
DM, n (%) 19 (45.2) 790 (33.4) 0.137
ESRD, n (%) 5 (11.9) 111 (4.7) 0.049

ISS (median, IQR) 9 (9-9) 9 (9-9) 0.334
GCS (median, IQR) 15 (15-15) 15 (5–15) 0.166
1–8, n (%) 0 (0.0) 6 (0.3) 1.000
9–12, n (%) 3 (7.1) 43 (1.8) 0.045
13–15, n (%) 39 (92.9) 2316 (97.9) 0.060

AIS≥ 2
Head/Neck, n (%) 2 (4.8) 17 (0.7) 0.042
Face, n (%) 0 (0.0) 6 (0.3) 1.000
Thorax, n (%) 0 (0.0) 19 (0.8) 1.000
Abdomen, n (%) 0 (0.0) 22 (0.9) 1.000

SDH, n (%) 2 (4.8) 11 (0.5) 0.021
SAH, n (%) 2 (4.8) 5 (0.2) 0.006
ICH, n (%) 0 (0.0) 4 (0.2) 1.000
EDH, n (%) 0 (0.0) 0 (0.0) –
LOS in hospital, days 22.1 ±22.4 9.1 ± 6.7 0.001
ICU, n (%) 26 (61.9) 187 (7.9) < 0.001

CAD=coronary artery disease; CHF= congestive heart failure; CI=
Confidence interval; CVA= cerebral vascular accident; DM=diabetes mel-
litus; EDH=epidural hemorrhage; ESRD=end-stage renal disease;
GCS=Glasgow Coma Scale; HTN=hypertension; ICH= intracerebral he-
morrhage; ICU = Intensive care unit; IQR= Interquartile range; ISS = Injury
Severity Score; LOS= Length of stay; OR = Odds ratio; SAH= subarachnoidal
hemorrhage; SDH= subdural hemorrhage.
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two groups: mortality (n=42) and survival (n=2365). As shown in
Table 1, the patients were significantly older in the mortality group
than in the survival group (83.6 ± 7.8 vs. 79.6 ± 7.2, respectively;
p < 0.001). There were no significant intergroup differences in the
prevalence of sex or pre-existing comorbidities except for a significantly
higher rate of ESRD in the mortality group than the survival group
(11.9% vs. 4.7%, respectively; p=0.049). No significant intergroup
difference was found in ISS or GCS scores. However, a greater per-
centage of fatal patients than survival patients had a GCS score of 9–12
(7.1% vs. 1.8%, respectively; p=0.045) and an AIS score ≥2 in the
head/neck region (4.8% vs. 0.7%, respectively; p=0.042). Among
these patients, the rates of SDH (4.8% vs. 0.5%; p=0.021) and SAH
(4.8% vs. 0.2%; p=0.006) were significantly higher in the mortality
group than the survival group, respectively. Notably, none of the pa-
tients in the mortality group had an AIS score ≥2 injury to the face,
thorax, or abdomen and none had ICH or EDH. The patients in the
mortality group had a longer LOS in the hospital (22.1 days vs. 9.1
days; p=0.001) and a higher rate of ICU admission (61.9% vs. 7.9%;
p < 0.001) than those patients in the survival group, respectively.

3.2. Risk factors for mortality

The univariate logistic regression analysis (Table 2) demonstrated
that age, pre-existing ESRD, and the occurrence of SAH and SDH were
significant risk factors for mortality in elderly patients with a fall-in-
duced femoral fracture. In contrast, sex, other pre-existing co-morbid-
ities except ESRD, and ISS were not significant risk factors for mortality.
The multivariate logistic regression analysis revealed that the age (OR,
1.1; 95% CI, 1.0–1.1; p < 0.001), pre-existing ESRD (OR, 3.2; 95% CI,
1.2–8.7; p=0.023), and SAH (OR, 12.1; 95% CI, 1.3–113.9; p=0.029)
were significant independent risk factors for mortality in elderly pa-
tients with a ground level fall–induced femoral fracture. As shown in

Table 3, an analysis of the cause of mortality revealed that the patients
in mortality group had significantly higher rates of pneumonia (OR,
28.6; 95% CI, 14.6–55.9; p < 0.001), respiratory failure (OR, 68.7;
95% CI, 32.2–146.4; p < 0.001), sepsis (OR, 26.3, 95% CI 10.9–63.4,
p < 0.001), and pulmonary embolism (OR 14.4, 95% CI 1.6–131.6,
p=0.002) than patients in the survival group. The causes of the fatality
were associated with a deteriorated pulmonary condition.

4. Discussion

In this study, age, pre-existence of ESRD, and SAH were identified as
significant independent risk factors for mortality in elderly patients
with a fall-induced femoral fracture. However, gender did not lead to
significant difference of mortality in the elderly, which is in contrast to
the report that the men had higher mortality rates than the women by
all causes in people aged 55 and over [11]. As expected, advanced age
is closely associated with in-hospital mortality. This result is compatible
to those that report age as the primary risk factor contributing to
mortality in elderly patients with hip fractures of any traumatic cause
[19]. In another study, age was the primary risk factor for mortality of
patients older than 75 years during the first year after hip fracture [20].
Higher mortality rates were found in patients over 85 years than in
those aged 75–85 years [20].

In this study, the second identified risk factor for mortality was the
pre-existence of ESRD, as changes in bone metabolism are seen in pa-
tients with chronic kidney disease long before the initiation of renal
replacement therapy [21]. Patients with chronic kidney disease suffer
significant cortical bone loss mediated by hyperparathyroidism and
elevated turnover [22]. It had been reported that individuals with
chronic kidney disease have a subsequently higher fracture risk [22]
long before the implementation of renal replacement therapy [23]. In
addition, post-hip fracture mortality was increased in patients with
stage 4 chronic kidney disease [23]. The 1-year mortality rate post-hip
fracture is 55–64% for dialysis patients [24,25], which is a 2.7-fold
increase over the non-fractured dialysis population [24,25].

The most serious consequences of falls include hip fractures and
intracranial injury [26]. This study revealed that, in elderly patients
with a fall-induced femoral fracture, the rates of SDH and SAH were
significantly higher in the mortality group than in the survival group. In
addition, SAH was a significant independent risk factor for mortality.
However, of these 42 patients who died, only 2 had SAH. Furthermore,
in this study, a greater percentage of fatal patients than survival pa-
tients had an AIS score ≥2 in the head/neck region (4.8% vs. 0.7%,
respectively; p=0.042). The actual number of patients who died from
intracranial injury in a ground level fall was small. This result is in
accordance with the observation that hip fracture was the only serious
injury leading to hospitalization and death among 261 fatal falls of
elderly patients aged ≥65 years, although 62% of patients who fell
from stairs height and 49% who fell from ground level height suffered
head injuries [4].

Notably, the identified independent risk factors (ESRD, SAH) in this
study contributed to mortality in only a small group of patients. In
contrast, the respiratory complications sustained in the elderly patients
with a ground level fall–induced femoral fracture contributed greatly to
mortality. A lung capillary leak with increased neutrophil content was

Table 2
Risk factors influencing mortality in elderly patients with a fall-induced femoral
fracture analyzed using univariate and multivariate logistic regression.

Variables Univariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) P

Age (years) 1.1 (1.0–1.1) <0.001 1.1 (1.0–1.1) < 0.001
Gender (male) 1.0 (0.5–2.0) 0.939 – –
Co-morbidities
CVA 0.9 (0.4–2.2) 0.850 – –
HTN 1.5 (0.8–3.1) 0.248 – –
CAD 1.9 (0.9–4.1) 0.108 – –
CHF 0.8 (0.1–5.8) 0.815 – –
DM 1.6 (0.9–3.0) 0.111 – –
ESRD 2.7 (1.1–7.1) 0.038 3.2 (1.2–8.7) 0.023

ISS 1.1 (1.0–1.2) 0.087 – –
SAH 23.6 (4.5–125.3) <0.001 12.1 (1.3–113.9) 0.029
SDH 10.7 (2.3–49.9) 0.003 3.3 (0.4–29.6) 0.283

CAD= coronary artery disease; CHF= congestive heart failure; CI=
Confidence interval; CVA= cerebral vascular accident; DM=diabetes mel-
litus; ESRD= end-stage renal disease; GCS=Glasgow Coma Scale;
HTN=hypertension; IQR= Interquartile range; ISS = Injury Severity Score;
OR = Odds ratio; SAH = Subarachnoid hematoma; SDH = Subdural hema-
toma.

Table 3
Causes of mortality in elderly patients with a fall-induced femoral fracture.

Variables Death n= 42 Survival n= 2365 OR (95%CI) P

Pneumonia 17 (40.5) 55 (2.3) 28.6 (14.6–55.9) <0.001
Respiratory failure 16 (38.1) 21 (0.9) 68.7 (32.2–146.4) <0.001
Sepsis 8 (19.0) 21 (0.9) 26.3 (10.9–63.4) <0.001
Pulmonary embolism 1 (2.4) 4 (0.2) 14.4 (1.6–131.6) 0.002

CI = Confidence interval; OR = Odds ratio.
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reported in rats with femoral fractures [27]. In a follow-up of 1013 hip
fracture patients at all ages and 2026 matched community controls over
22 years, cardiovascular disease and pneumonia were predominant
causes of death [28]. In a study of 467 patients who underwent hip
fracture surgery, the most common cause of mortality was pneumonia
(37.1%, 13/35), followed by acute coronary syndrome (31.4%, 11/35)
and sepsis (14.3%, 5/35) [29]. In the elderly, sepsis after hip fracture
typically develops from among 3 potential infectious sources: urinary
tract infection (1 in 3 patients), pneumonia (1 in 3 patients), and sur-
gical site infection (1 in 15 patients) [30]. The mortality rate was sig-
nificantly increased in those who developed sepsis than in those who
did not (21.0% vs 3.8%; p < 0.001) [30]. In this study, pneumonia,
respiratory failure, sepsis, and pulmonary embolism comprised most of
the cases of mortality. The patients in the mortality group had sig-
nificantly higher rates of pneumonia (OR, 28.6; 95% CI, 14.6–55.9;
p < 0.001), respiratory failure (OR, 68.7; 95% CI, 32.2–146.4;
p < 0.001), sepsis (OR, 26.3; 95% CI, 10.9–63.4; p < 0.001), and
pulmonary embolism (OR, 14.4; 95% CI, 1.6–131.6; p=0.002) than
those patients in the survival group.

Obviously, avoiding falls in the elderly is the basic principle to
preventing the occurrence of fracture and subsequent complications. It
is estimated that up to 22% of the fatalities due to ground level falls
may be avoided by preventing hip fractures using optimized hip pro-
tectors or other measures, especially for elderly individuals aged
75 + years [4]. However, once a femoral fracture occurs, the limited
mobilization caused by the fracture compromises the daily activity of
the patients and thus may be associated with fracture-related compli-
cation. Most hip fracture patients fail to regain their pre-fracture level
of activities of daily living [31], and it is estimated that up to 20% of
patients require institutionalization because of the fracture [31]. Even
at 6 months postoperative, 24% and 33% of community-dwelling am-
bulatory patients and indoor ambulatory patients, respectively, were
unable to regain their pre-injury ambulation level [32]. A cumulative
incidence analysis revealed that mortality due to cardiorespiratory
causes (pneumonia, myocardial infarction, cardiac failure) persists be-
yond 30 days after proximal femoral fracture surgery [29]. Therefore,
to prevent femoral fracture–related complications in elderly individuals
after a fall, continuing physiotherapy, respiratory exercises, and other
chest-protective measures are needed. Respiratory function needs to be
optimized with early intervention in patients with signs of cardiovas-
cular compromise or infection. Elderly patients with a hip fracture and
postoperative weight-bearing restrictions are at significantly greater
risk of developing adverse events than those who are encouraged to
bear weight as tolerated [33]. Compared with patients receiving in-
tensive hospital rehabilitation, no rehabilitation showed significantly
higher mortality risks (hazard ratio, 2.19; 95% CI, 1.54–3.12;
p < 0.001) [34]. In addition, use of the orthopedic nurse practitioner
hip fracture patients can reduce the acute hospital LOS and further
complications [35].

This study has some limitations. First, its retrospective design may
have resulted in bias. Second, the trauma registered data only included
cases of in-hospital mortality but not data at 30 days or beyond;
therefore, the results may not reflect the full scope of the mortality
associated with fall-related femoral fracture in the elderly. Third, this
study did not investigate the interventions provided to the patients;
thus, the outcome measurements may be biased. In particular, it was
reported that early surgery within 24 h may minimize complications
secondary to immobilization, including orthostatic pneumonia and
venous thromboembolism [36]. Fourth, this study did not cover a
number of risk factors such as medication, blood transfusion, and
coagulopathy that have been identified as contributors to mortality,
which may have resulted in analysis bias. And finally, the population
included in this study was limited to that of a single urban trauma
center in southern Taiwan; as such, our results may not be applicable to
a wider population.

5. Conclusion

This study identified that age, pre-existence of ESRD, and SAH were
significant independent risk factors for mortality in elderly patients
with a fall-induced femoral fracture. However, most fatalities were due
to respiratory causes; thus, the use of chest-protective measures is en-
couraged to decrease such complications.
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A B S T R A C T

Background: Communication skills may be an important skill for the front-line emergency physicians.
Aim: This study aimed to investigate the effect of training in a SHARE communication course by emergency
physicians on patient notification and signing of do-not-resuscitate (DNR) orders for critical patients in the
emergency room.
Design: From a total of 29 attending physicians in the emergency department, 19 physicians had been trained in
the SHARE communication course. An observation form designed based on the SHARE training was completed
by two observers who noted the communication process between physicians and patients and family members
during patient notification and signing a DNR order. To assess the influence of physicians trained in a SHARE
communication course on the signing of DNR orders, a propensity score-matched population was created to
reduce the potential selection bias of patients and family members.
Setting: Level 1 trauma medical center in southern Taiwan.
Results: There were 145 individuals enrolled in the study, of which 93 signed the DNR order, and 52 did not sign
it. Analysis from 23 matched pairs from this population revealed that significantly more family members would
sign a DNR order if the physician had been trained in the SHARE communication course than when they did not
receive this training (78.3% vs. 39.1%, respectively, p=0.017). The overall score of the observation form for
physicians was higher in those individuals who had signed a DNR order than in those who did not sign it
(29.48 ± 3.72 vs. 26.13 ± 3.52, respectively, p=0.003), especially when the physician had chosen a quiet
environment (1.35 ± 0.65 vs. 0.87 ± 0.69, respectively, p=0.020), understood the patient's wishes and
confirmed them (1.78 ± 0.42 vs. 1.30 ± 0.70, respectively, p=0.008), and expressed concern (1.48 ± 0.79
vs. 0.96 ± 0.77, respectively, p= 0.028). In addition, a feedback survey about the feelings experienced by
these physicians during the process of patient notification did not reveal a significant difference during the
communication with those who had or had not signed DNR orders.
Conclusion: The training in a SHARE communication course can improve the communication skills of emergency
physicians in patient notification and signing of DNR orders for critical patients.
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1. Background

Effective communication techniques can greatly enhance the quality
of medical care and help prevent medical disputes and conflicts [1].
Appropriate doctor-patient communication not only helps physicians
clarify patients' problems and enhance the accuracy of diagnoses but
also increases patients' compliance with their doctor's instructions.
These communication skills may be even more important for the front-
line emergency physicians, who are frequently in contact with patients
with sudden deteriorated conditions and unexpected illness. Although
Article 12–1 of Taiwan's Physician Act, Article 81 of the Medical Care
Act, and Article 8 of the Hospice Palliative Care Statute repeatedly
emphasize that notifying patients of their condition is a duty that
physicians must fulfill with patients and their families, unfortunately,
such training has been infrequently implemented adequately [2]. The
relevant factors affecting physicians' communication skills when in-
forming patients about their condition have been investigated in many
studies of patients with cancer [3–5]; however, this subject has been
less explored in emergency physicians.

It had been reported that a combined hospice care could sig-
nificantly improve in the sign rate of DNR orders from 41.5% to 71.5%
(p < 0.0001) in the terminal cancer patients [6]. In addition, an ad-
vance care planning (ACP) program, a process of discussion between
individuals and their physicians, formal caregivers, families and friends
about their preferences and wishes for future care would have sig-
nificant positive effects on the patients’ willingness to sign a DNR order
[7]. Furthermore, clinical observations have revealed that emergency
physicians lack a standard and consistent notification model when ex-
plaining health conditions to patients and family members [8]. In re-
cent years, the application of hospice and palliative medicine has been
increasing at emergency and critical units [9]. Under such circum-
stance, an order of do-not-resuscitate (DNR) is important to instruct all
the involved healthcare providers not to perform further interventions
and procedures [10,11]. It is extremely important for emergency phy-
sicians to understand how to explain the condition to those critical
patients with not-yet-diagnosed but probably deteriorated conditions or
their family members, and assess their understanding and attitude re-
garding an order of DNR. Therefore, appropriate communication
models for training emergency physicians in patient notification con-
cerning the choice of signing a DNR order is important in the clinical
setting.

SHARE communication course emphasizes effective communication
in order to provide patients with psychological support when they re-
ceive health conditions notification containing bad news [12]. The
acronym SHARE stands for the four main components of this structured
model: supportive environment, how to deliver the bad news, addi-
tional information, reassurance, and emotional support. For those pa-
tients with cancers, the SHARE communication course has provided an
emotional cushion to help patients endure their time of grief [12] and
has generated excellent communication among patients, family mem-
bers, and doctors [3–5]. The detailed emotional support training pro-
vided by the SHARE communication course has shown to have a posi-
tive effect in the areas of notification skills, emotional support, and
provision of information [13]. Such training in communication skills is
also recommended for those experienced attending physicians to de-
velop the ability to explain the facts competently for those cancer pa-
tients [14]. Therefore, this study was designed to investigate the effect
of emergency physicians participating in the SHARE communication
course on patient notification and signing of DNR orders for critical
patients in the emergency room.

2. Methods

2.1. Research design and sample estimation

This was a non-randomized prospective study and the work has

been reported with the STROCSS criteria [15]. This study utilized a
descriptive correlational research design with purposive sampling in a
medical center in southern Taiwan [16–18]. The research subjects
consisted of attending physicians, who were willing to inform consent
forms, in the emergency department between May 2017 and April
2018. Unwillingness to sign the subject consent form constituted an
exclusion criterion. The sample consisted of the 29 attending physicians
in the emergency department. There were 19 physicians who had been
trained in the SHARE communication course and 10 physicians had not.
The SHARE communication training course was organized by hospital
in a 4-h course with 2 teachers and 12 trainees involving in the pre-
sentation, discussion, and role playing of two clinical cases. At the end
of the course, all the trainees should pass an end-test but no certifica-
tion was granted. G*Power software, version 3.1 [19], was used to
calculate the sample number, and a sample number of 145 was ob-
tained based on data collection (observation) of five patient condition
notifications for each physician. Before its implementation, this study
was first reviewed by the institutional review board of the hospital with
project number 201700429B0. Researchers explained the goals of the
project in detail to the subjects before obtaining their consent. All the
DNR orders in this study were signed by the family members. The re-
search data were used only for the purpose of this study and were kept
confidential.

2.2. Measurement parameters

This study employed an observation form to perform data collection
when the physicians giving the patient condition notification. This
observation form was revised based on in-depth interviews with cancer
patients performed in 2005 by the Japanese scholars Fujimori et al.,
which involved the re-arrangement of patient condition notification
perspectives as a result of that study. The present study involved five
experts with experience related to the topic of this research: an at-
tending physician from the department of radiation oncology, an on-
cological nurse, an emergency department attending physician, and an
attending physician specializing in family medicine. Accordingly, the
observation form was designed based on the SHARE communication
course, and the form's content included four main aspects according to
its acronym: supportive environment (S), how to communicate bad
news (H), additional information (A), reassurance and emotional sup-
port (RE). Each question had three possible responses: “I have not done
it,” “I have partially done it,” and “I have done it fully,” which were
scored with 0, 1, and 2 points, respectively. The overall questionnaire
score was the sum of the scores for each question, and possible total
scores ranged from 0 to 34 points. Higher scores indicated there was a
greater fit of the SHARE communication course regarding patient
condition notification. The scale's content validity index (CVI) was
tested by assessing the comprehensiveness, appropriateness, and clarity
of content of each question using a 5-point Likert scale. Questions that
received 3 points or less from the experts were deleted, and those
questions receiving at least 4 points but assessed by the experts as
having unclear wording were revised. Consequently, the original 20-
question questionnaire was shortened to 17 questions, which had a CVI
of 0.93. Before starting the actual research, a pretest was first im-
plemented with a sample of 30 individuals which presented a
Cronbach's α of 0.71.

In addition, for those attending physicians involved in this study, a
feedback survey of the feelings experienced during the process of pa-
tient notification was performed. Physicians had to respond with “yes”
or “no” to the questions contained in this survey: Does the physician
feel calm during the communication? Can the physician clearly express
the purpose? Does the physician have enough confidence? Are physi-
cian's feelings influenced by family members?
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2.3. Research observers

In order to achieve consistency within the results of the observers,
they received observation training before the research began. To obtain
objective observations and reduce the Hawthorne effect, nurse practi-
tioners assigned by the emergency department were identified as “ob-
servers.” The main researcher selected two observers, who had at least
20 years of experience in emergency care work. Only the main re-
searcher was aware of the observers’ status; since the observers were in
fact members of the medical team, selecting these observers was not
expected to influence the results during the assessment.

2.4. Data collection and analysis

Before performing data collection, researchers explained the study's
goals and steps to the participating physicians. After acquiring their
informed consent, the observers started observing the attending phy-
sicians who participated in patient notification and DNR order ac-
quirement. The content of the observation form was filled by observers
during the explanation process. The demographic characteristics of
patients including age, gender, triage level (level I, resuscitation; level
II, emergency; level III, urgent; level IV, less urgent; and level V, non-
urgent [20,21]), owner status of major injury card or handicapped card,
Charlson Comorbidity Index (CCI), Glasgow Coma Scale (GCS), acute
complications, and source of medical expenses (multiple-choice) were
collected. In addition, the demographic characteristics of the involved
family members including age, gender, level of education, relationship
with the patient, religious belief, related situational experience of
signing DNR orders (multiple-choice), and reasons for considering
signing DNR orders (multiple-choice) were obtained.

To evaluate the association of demographic characteristics of pa-
tients and family members with the signing of DNR orders, the studied
population was divided in two groups depending on whether the DNR
order was signed or not. Analysis was performed using Mann-Whitney
U-tests for the non-normally distributed data and the chi-squared test
for categorical variables. During the assessment of the influence of
physicians who had been trained in SHARE communication course on
the signing of DNR orders, a propensity score-matched population was
created to reduce the potential selection bias of patients and family
members, including the demographic characteristics, related situational
experience in signing a DNR order, and reasons for considering signing
a DNR order. We used the greedy method to create 1:1 matched study
population with a 0.1 caliper width by utilizing R statistical software
(version 3.5, package: Matchit). All continuous variables were pre-
sented as mean ± standard deviation. A p-value<0.05 was con-
sidered statistically significant.

3. Results

3.1. Demographic characteristics of patients and family members who
signed a DNR order

From a total of 145 individuals who were enrolled in this study, 93
signed the DNR order and 52 did not sign it. As shown in Table 1, there
was a significantly higher number of patients who did not sign the DNR
orders than those who signed them among those individuals whose
medical expenses were covered by insurance payments (55.8% vs.
19.4%, respectively, p < 0.001). Regarding the related situational
experience in signing DNR orders (Table 2), there were significantly
more family members who would sign a DNR order if they had dis-
cussed the subject with the patient (49.5% vs. 15.4%, respectively,
p < 0.001) or with the physician (49.5% vs. 15.4%, respectively,
p < 0.001), and when they had experienced signing a DNR order for
another family member (19.4% vs. 5.8%, respectively, p= 0.047).

Regarding the reasons for considering signing a DNR order, there
were significantly more family members would sign it based on the

patient's own intention (46.2% vs. 15.4%, respectively, p < 0.001).
However, there were fewer family members would sign a DNR order
based on the condition that the physician would initiate the discussion
with family members (11.8% vs. 73.1%, respectively, p < 0.001),
when they receive notification of the patient's critical condition (43.0%
vs. 78.8%, respectively, p < 0.001), when the subject was discussed
among the patient's family members (44.1% vs. 71.2%, respectively,
p= 0.003), and if a limited life expectancy was predicted (14.0% vs.
40.4%, respectively, p < 0.001).

There were average 5 patients, ranging from 4 to 7 patients, per
physician had been asked for the consideration of signing DNR orders
(Fig. 1). Of 57 patients whose physicians did not be trained in SHARE
course, 32 patients had signed DNR orders and 17 patients not. In
contrast, of 96 patients whose physicians had been trained in SHARE
course, 76 patients had sign DNR orders and 20 patients not (Fig. 2).
This result revealed that, in comparison with those physicians who did
not be trained in SHARE course, when the physicians had been trained
in a SHARE course, there were significant more patients had signed
DNR orders (p < 0.001). Regarding the role of physicians involved in
the signing of DNR orders (Table 3), there were significantly more fa-
mily members would sign it if the physician had been trained in the
SHARE communication course (81.7% vs. 38.5%, respectively,
p < 0.001). The feedback survey about the feelings experienced by
these physicians during the process of patient notification did not reveal
a significant difference during the communication with those who had
or had not signed DNR orders.

3.2. Analysis of the matched population

The propensity score-matched population was created to reduce the
potential selection bias of patients and family members in assessing the
influence of physicians who had been trained in a SHARE commu-
nication course on the signing of DNR orders. A total of 23 well-ba-
lanced pairs of patients were created for analysis. Among these matched
patients, there were no significant differences in the demographic
characteristics of patients (Table 1) and family members (Table 2). The
analysis from this matched population also revealed that there were
significantly more family members would sign a DNR order if the
physician had not been trained in the SHARE communication course
(78.3% vs. 39.1%, respectively, p= 0.017). In addition, there were no
significant differences regarding the feedback survey about the feeling
of these physicians during the process of patient notification.

As shown in Table 4, the overall observation score for physicians
was higher in those individuals who had signed the DNR order than in
those who did not sign it (29.48 ± 3.72 vs. 26.13 ± 3.52, respec-
tively, p= 0.003). Regarding the detailed situations where the SHARE
communication course was applied during the process of patient noti-
fication, there was a higher score for physicians when family members
had signed a DNR order compared to when it was not signed, if the
physician had chosen a quiet environment (1.35 ± 0.65 vs.
0.87 ± 0.69, respectively, p= 0.020), had understood the patient's
wishes and confirmed them (1.78 ± 0.42 vs. 1.30 ± 0.70, respec-
tively, p= 0.008), and the physician had expressed concern
(1.48 ± 0.79 vs. 0.96 ± 0.77, respectively, p= 0.028).

4. Discussion

This study revealed that there were significantly more family
members who would sign a DNR order if the physician had been trained
in the SHARE communication course; additionally, the overall score of
the observation form for physicians was higher in those individuals who
had signed a DNR order than in those who did not sign it. This result
indicates that appropriate communication models can help emergency
physicians with patient notification in signing a DNR order.
Interpersonal communication skills are recognized as essential clinical
abilities for physicians and their importance is stated in the seven goals
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of medical education issued by the World Federation for Medical
Education in 2003 [22] and the six core skills of resident physicians
issued by the Accreditation Council for Graduate Medical Education in
2007 [23]. However, effective communication skills are lacking in
clinical settings [24]. While the focus has consistently been on the ac-
quisition of knowledge and development of professional skills, there is
little effort to cultivate the communicational abilities of physicians [5].
To build trust with patients, doctors’ ability to communicate with pa-
tients is more important than their professional skills [5]. To improve

communication skills, the SHARE communication course can make an
important contribution to this topic.

In this study, physicians who obtained a DNR order tended to
choose a quiet environment, understand patients' wishes and confirm
them, and express empathy for those family members who had signed
the DNR order, compared to physicians who did not obtain a DNR order
from family members. Selection of a quiet environment is important for
establishing trusting relationships between physicians, patients, and
family members, considering especially that when the patient's

Table 1
Demographic characteristics of patients with or without DNR order before and after matching cohorts.

Variables Before matching (n=145) After matching (n=46)

with DNR (n=93) without DNR (n=52) p value with DNR (n=23) without DNR (n=23) p value

Age (years) 74.3 ± 13.9 78.0 ± 12.3 0.114 79.6 ± 15.2 77.0 ± 11.6 0.510
Gender 0.250 0.529
Male, n (%) 39(41.9) 16(30.8) 9(39.1) 6(26.1)
Female, n (%) 54(58.1) 36(69.2) 14(60.9) 17(73.9)

Triage level 1.9 ± 0.8 1.9 ± 0.7 0.920 1.6 ± 0.6 1.7 ± 0.8 0.667
Major injury card, n (%) 52(55.9) 28(53.8) 0.947 10(43.5) 14(60.9) 0.376
Handicapped card, n (%) 8(8.6) 1(1.9) 0.215 2(8.7) 1(4.3) 1.000
CCI 3.12 ± 1.94 3.10 ± 2.00 0.948 2.61 ± 1.53 2.96 ± 2.06 0.518
GCS 9.96 ± 4.53 10.12 ± 4.56 0.841 9.00 ± 4.31 8.70 ± 4.79 0.822
Acute complications, n (%) 73(78.5) 48(92.3) 0.056 16(69.6) 20(87.0) 0.284
LOS in hospital (days) 12.1 ± 9.9 14.1 ± 11.8 0.289 10.1 ± 7.6 13.1 ± 14.1 0.366
Source of medical expenses
Self savings, n (%) 26(28.0) 19(36.5) 0.377 4(17.4) 9(39.1) 0.190
Spouse payment, n (%) 15(16.1) 10(19.2) 0.806 3(13.0) 5(21.7) 0.697
Sharing of children, n (%) 66(71.0) 42(80.8) 0.271 20(87.0) 16(69.6) 0.284
Insurance payment, n (%) 18(19.4) 29(55.8) < 0.001 6(26.1) 9(39.1) 0.529

CCI = Charlson Comorbidity Index; DNR=do-not-resuscitate; GCS=Glasgow Coma Scale; LOS= length of stay.

Table 2
Demographic characteristics of family members and their related situational experience and consideration of signing a DNR order in the before and after matching
cohorts.

Variables Before matching (n=145) After matching (n=46)

with DNR (n=93) without DNR (n=52) p value with DNR (n=23) without DNR (n=23) p value

Age (years) 53.3 ± 11.9 52.4 ± 12.3 0.643 50.8 ± 9.9 55.2 ± 9.2 0.123
Gender 0.339 0.541
Male, n (%) 41(44.1) 28(53.8) 16(69.6) 13(56.5)
Female, n (%) 52(55.9) 24(46.2) 7(30.4) 10(43.5)

Level of education 0.337 0.332
Junior high school and below, n (%) 27(29.0) 9(17.3) 8(34.8) 3(13.0)
Senior high school, n (%) 33(35.5) 22(42.3) 8(34.8) 11(47.8)
University and above, n (%) 33(35.5) 21(40.2) 7(30.4) 9(39.1)

Relationship with patient 0.109 0.270
Spouse, n (%) 5(9.6) 20(21.5) 4(17.4) 2(8.7)
Children, n (%) 42(80.8) 55(59.1) 17(73.9) 18(78.2)
Other, n (%) 5(9.0) 18(19.0) 2(8.7) 3(12.9)

Religious beliefs 0.066 0.372
Buddhism or Taoism, n (%) 68(73.2) 40(77.0) 21(91.3) 18(78.2)
Other (including those without), n (%) 25(26.9) 12(23.1) 2(8.7) 5(21.7)

Related situational experience in signing a DNR order
Totally understood, n (%) 92(98.9) 51(98.1) 1.000 22(95.7) 22(95.7) 1.000
Discussed DNR order with patient, n (%) 46(49.5) 8(15.4) < 0.001 7(30.4) 7(30.4) 1.000
Discussed DNR order with physician, n (%) 46(49.5) 8(15.4) < 0.001 6(26.1) 6(26.1) 1.000
Experienced signing a DNR order for another family member,
n (%)

18(19.4) 3(5.8) 0.047 3(13.0) 2(8.7) 1.000

Have been told that the condition is being critically handled,
n (%)

84(90.3) 49(94.2) 0.614 20(87.0) 21(91.3) 1.000

Have received a critical notice, n (%) 19(20.4) 4(7.7) 0.076 5(21.7) 3(13.0) 0.697
Reasons for considering signing a DNR order
Physician initiated the discussion with family members, n (%) 11(11.8) 38(73.1) < 0.001 9(39.1) 10(43.5) 1.000
Receiving notice of the patient's critical condition, n (%) 40(43.0) 41(78.8) < 0.001 12(52.2) 14(60.9) 0.766
Patient's own intention, n (%) 43(46.2) 8(15.4) < 0.001 7(30.4) 6(26.1) 1.000
Discussion among the patient's family members, n (%) 41(44.1) 37(71.2) 0.003 14(60.9) 12(52.2) 0.766
Predicting that the patient cannot be cured, n (%) 36(38.7) 22(42.3) 0.805 4(17.4) 6(26.1) 0.721
Patient has been in and out of the hospital frequently, n (%) 13(14.0) 5(9.6) 0.616 1(4.3) 4(17.4) 0.343
A limited life expectancy is predicted, n (%) 13(14.0) 21(40.4) 0.001 5(21.7) 5(21.7) 1.000

DNR=do-not-resuscitate.
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condition is severe and time critical, physicians may fail to select a
quiet environment in which to explain the situation to family members.
This is consistent with other studies which have found that the estab-
lishment of a supportive environment is a risk factor that affects whe-
ther patients and family members sign the DNR order when the phy-
sician explains the patient's condition [5]. In addition, this study also
revealed that when emergency physicians understand patients' wishes
and confirm them, a significant increase in the rate of DNR order
signing can be achieved. This result is consistent with the findings of a
study in cancer patients who did not want physicians to conceal their
condition and related medical information and expected to participate
in medical decisions [4]. The physician has the duty to provide addi-
tional information to cope with patients with severe conditions, such as
alternative treatment plans, second opinions, or prognostic outlook, or
even consulting relevant specialists for further assessment and

treatment. Knowing when to ask for assistance or engage in team co-
operation can promote individual learning growth, boost the effec-
tiveness of teamwork, and improve patient care results [25]. Further-
more, expressing concern has been associated with a significant
increase in DNR order signing rate, indicating that emergency physi-
cians must clearly improve their provision of pledges and emotional
support. Another study based on the SHARE communication course
found that social psychology experts were doing better than physicians
in patient condition notification because they could express concern
and consider patients' potential needs more effectively [26]. This result
is consistent with the conclusions of another research indicating that
physicians should increase their sensitivity toward family members'
reactions when communicating upsetting news, explaining the non-
technical mental and psychological adaptation methods that family
members may not know, and aiming to help resolve the problems of
patients and family members [27].

This study revealed that irrespective of whether emergency physi-
cians give a self-introduction, enhancing their professional image re-
sulted in no significant improvement in DNR order signing, implying
that ordinary good manners and attitude can express a professional
image just as well as a self-introduction [28,29]. This study further
suggests that physicians should strive to create a supportive environ-
ment and make sure that their explanations of the patient's condition
are understood by all; physicians should also observe and respond to
patients' and family members' words, expressions, and mood swings,
favoring emotional support over purely rational explanations of patient
condition. Moreover, physicians should encourage family members to
express their emotions, make a sincere effort to understand and accept
family members' emotions, and express concern for them. Therefore, to
notify critical patients and their family members about their conditions
and obtain the signing of the DNR order, the physicians should

Fig. 1. The number of patients had and had not signed DNR orders per physician. Physicians B01 to B19 and physicians A01 to A10 indicated those physicians had or
had not received SHARE training course, respectively.

Fig. 2. The number of patients had and had not signed DNR orders in the
physicians had or had not received SHARE training course.

Table 3
Involvement and the feedback survey of physicians before and after matching cohorts adjusting for demographic characteristics of patients and family members.

Variables Before matching (n=145) After matching (n=46)

with DNR
(n=93)

without DNR
(n=52)

p value with DNR
(n=23)

without DNR
(n=23)

p value

The physicians have been trained in the SHARE communication
course, n (%)

76(81.7) 20(38.5) < 0.001 18(78.3) 9(39.1) 0.017

The feedback from the physicians
During the process of informing condition, do you:
Feel calm during the communication, n (%) 17(18.3) 5(9.6) 0.249 5(21.7) 2(8.7) 0.412
Clearly express the purpose, n (%) 8(8.6) 1(1.9) 0.215 4(17.4) 0(0.0) 0.116
Have enough confidence, n (%) 5(5.4) 0(0.0) 0.220 2(8.7) 0(0.0) 0.470
Are your feelings influenced by family members, n (%) 26(28.0) 20(38.5) 0.264 4(17.4) 10(43.5) 0.109
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participate in the SHARE communication course to improve their
communication skills and the patient-doctor relationship.

The main strength of this study is to assess the effect of training in
the SHARE course in the matched population. With such approach, the
variation of baseline patient characteristics due to non-randomized
assignment can be greatly attenuated. However, this study had some
limitations. First, propensity score-matching was utilized to attenuated
the influence of various baseline demographic characteristics of pa-
tients and family member; however, a relatively small sample number
after matching may have affected the analysis results; in this regard,
certain variables may not have reached the level of statistical sig-
nificance. Second, prior willingness of patients and family members to
sign a DNR order was not considered in this study, thus possibly leading
to a selection bias. Third, although physicians could be classified as
those who had been trained in the SHARE communication course or
not, the variation in communication skills of these physicians before
this training was not assessed and deemed as similar, maybe resulting in
a selection bias. Fourth, from a total of 93 and 52 patients who had or
had not signed the DNR orders, there were only 23 individuals could be
selected as matched groups of patients. Analysis on the relatively low
proportion of matched population may lead to a selection bias. Finally,
the study was limited to the emergency department of one medical
center in Taiwan, where many residents believe that life and death are
predetermined and that an individual must not plan for or discuss the
end-of-life care [30] and most families here may choose life-sustaining
therapy to prolong the life of the patient because of filial piety, espe-
cially when the patient is a parent or other family elder [31]. Therefore,
the results may not be generalizable to other hospital or hospice de-
partments in other countries.

5. Conclusion

The training in a SHARE communication course communication
course can improve the communication skills of emergency physicians
in patient notification and signing of DNR orders for critical patients.
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Observation form scores of the applied situations according to the SHARE communication course for the patients with or without DNR order.

Variables Before matching (n=145) After matching (n=46)

with DNR (n=93) without DNR (n=52) p value with DNR (n=23) without DNR (n=23) p value

Supportive environment
Introduce yourself 1.25 ± 0.65 1.27 ± 0.81 0.886 1.22 ± 0.90 1.22 ± 0.67 1.000
Choose a quiet environment 0.81 ± 0.63 1.35 ± 0.70 < 0.001 1.35 ± 0.65 0.87 ± 0.69 0.020
Establish a relationship with the patient 1.52 ± 0.70 1.74 ± 0.53 0.033 1.83 ± 0.39 1.61 ± 0.72 0.210
Invite family members to understand the condition 1.42 ± 0.54 1.77 ± 0.42 < 0.001 1.65 ± 0.49 1.48 ± 0.51 0.244

How to deliver bad news
Avoid technical terms 1.77 ± 0.47 1.83 ± 0.43 0.449 1.74 ± 0.54 1.78 ± 0.42 0.763
Explain whole process of the disease 1.88 ± 0.32 1.95 ± 0.27 0.222 2.00 ± 0.00 1.87 ± 0.34 0.076
Changes in related emergency procedures 1.88 ± 0.38 1.99 ± 0.10 0.013 2.00 ± 0.00 1.87 ± 0.34 0.076
Explain possible causes of cardiac arrest 1.92 ± 0.27 1.98 ± 0.15 0.11 2.00 ± 0.00 1.87 ± 0.34 0.076
Express the role of medical care at the time 1.90 ± 0.30 1.88 ± 0.36 0.705 1.87 ± 0.34 1.83 ± 0.39 0.689
Confirm family members' understanding of the relevant
condition

1.65 ± 0.48 1.94 ± 0.25 < 0.001 1.83 ± 0.39 1.74 ± 0.45 0.486

Request assistance if you cannot explain the condition clearly 1.79 ± 0.46 1.87 ± 0.40 0.258 1.91 ± 0.29 1.74 ± 0.45 0.125
Additional information
Understand the patient's wishes and confirm them 1.40 ± 0.69 1.82 ± 0.46 < 0.001 1.78 ± 0.42 1.30 ± 0.70 0.008
Explain the future treatment policy 1.90 ± 0.36 1.74 ± 0.49 0.037 1.83 ± 0.39 1.91 ± 0.29 0.393
Provide other medical information 1.81 ± 0.40 1.53 ± 0.60 0.003 1.87 ± 0.34 1.65 ± 0.49 0.087

Reassurance and Emotional support
Express empathy 1.35 ± 0.68 1.82 ± 0.42 < 0.001 1.74 ± 0.45 1.39 ± 0.72 0.056
Encourage and comfort patients and their families to think
positively

1.02 ± 0.58 1.59 ± 0.66 < 0.001 1.39 ± 0.78 1.04 ± 0.64 0.106

Express concern 1.04 ± 0.79 1.54 ± 0.73 < 0.001 1.48 ± 0.79 0.96 ± 0.77 0.028
Overall score 26.33 ± 3.74 29.60 ± 3.31 < 0.001 29.48 ± 3.72 26.13 ± 3.52 0.003
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Background: The signing of do-not-resuscitate (DNR) consent is mandatory in providing

a palliative approach in the end-of-life care for the terminally ill patients and requires an

effective communication between the physician and the patients or their family members.

This study aimed to investigate the association between the communication skills of physi-

cians who participated in the SHARE (supportive environment, how to deliver the bad news,

additional information, reassurance, and emotional support) model course on the patient

notification and the signing of do-not-resuscitate (DNR) consent by the terminally ill patients

at emergency rooms.

Methods: Between May 1, 2017 and April 30, 2018, a total of 109 terminally ill patients

were enrolled in this study, of which 70 had signed a DNR and 39 had not. Data regarding

the patients’ medical records, a questionnaire survey completed by family members, and

patient observation forms were used for the assessment of physicians’ communication skills

during patient notification. The observation form was designed based on the SHARE model.

A multivariate logistic regression model was applied to identify the independent significant

factors of the patient and family member variables as well as the four main components of

the observation form.

Results: The results revealed that knowing how to convey bad news and providing reassur-

ance and emotional support were significantly correlated with a higher rate of signing DNR

consent. Additionally, physician-initiated discussion with family members and a predicted

limited life expectancy were negative independent significant factors for signing DNR

consent.

Conclusion: This study revealed that good communication skills help to increase the

signing of DNR consent. The learning of such skills from attendance of the SHARE

model course is encouraged for the physicians in the palliative care of terminally ill patients

in an emergency room.

Keywords: communication skills, terminally ill, do-not-resuscitate, DNR, emergency room,

ER, SHARE model

Introduction
Patients who are taken to the emergency room (ER) for the end-stage of their illness

are often in a grave condition. There is currently an increasing emphasis on the issue

of patient autonomy and dying with dignity and more end-of-life care is being initiated

in ERs.1–4 In these cases, caring physicians may raise concerns about care
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aggressiveness and sometimes provide a palliative approach

to avoid the unnecessary suffering of these the patients.1–4

As instruction to all the involved healthcare providers not to

perform further interventions and procedures, the signing of

do-not-resuscitate (DNR) consent by the physicians in con-

junction with the patients or their proxy decision makers is

required5,6 and early initiation of DNR discussions is sug-

gested to improve end-of-life care.2 On the other hand, many

ethnical Chinese believe that life and death are predeter-

mined and that an individual must not plan for or discuss

concerns related to end-of-life care.7 Most families may

choose life-sustaining therapy to prolong the life of the

patient or family member because of filial piety, particularly

when the patient is a parent or other family elder.8 In addi-

tion, some family members may concern about a decrease in

potentially critical interventions and survival rate of the

patients once early DNR orders were signed.6,9 Therefore,

physicians play an extremely important role not only in

determining the need for hospice and palliative care for the

patients, but also in notifying patients and their family

members of the terminal condition of the patients.1,2

Information concerning a patient’s condition from the

physician is vital to family members’ decision making

concerning the signing of DNR consent. In that moment,

family members are typically extremely anxious or emo-

tional and may find it difficult to make an optimal medical

decision on behalf of the patient.2 In the absence of a bad

news communication model and assessment tools, the sign-

ing rate of DNR consent is only 23%.10 Therefore, a high

level of communication skills is required in the caring

physician to establish effective patient condition

notification.11,12 Among difference communication models,

the SHARE model was developed by the Japan Psycho-

Oncology Society13,14 to understand patients’ preferences

regarding the disclosure of bad news and it emphasizes

effective communication to provide patients with psycho-

logical support when receiving bad news.15 The acronym

SHARE represents the four main components of this struc-

tured model: Supportive environment, How to deliver the

bad news, Additional information, Reassurance, and

Emotional support.13 The detailed emotional support train-

ing provided by the SHARE model has proven to have

a positive effect in the areas of notification skills, emotional

support, and providing information.16 Based on studies

related to cancer patients’ preference for being told the

truth, the SHARE communication model has provided an

emotional cushion to help patients cope during their time of

grief15 and to promote communication among patients,

family members, and physicians.12,17 These programs are

led by certified facilitators using small classes—four parti-

cipants, two facilitators, and one standard patient—and role

play to enable participants to learn important communica-

tion skills.15 After participating in the SHARE course of

communication skills training, healthcare personnel’s pre-

ference for truth-telling improve significantly.12,15,18 In this

study, we aimed to investigate the association between the

communication skills of the physicians who had partici-

pated in the SHARE model course on patient notification

and the signing of DNR consent by the terminally ill

patients at ERs.

Methods
Ethical Statement
The Chang Gung Memorial Hospital institutional review

board approved this study (approval number

201700429B0). Approach to the patients’ medical records

was allowed by this approved number. The researchers

explained the goals of the project in detail to the subjects

before obtaining their consent and all the patients involved

in the study did provide written consent. The patient

privacy protection was performed using anonymous code

for a patient’s identity. The research data was kept con-

fidential and only used for the purposes of the study and

conducted in accordance with the Declaration of Helsinki.

Study Setting and study Population
This was a cross-sectional study and the work has been

reported with the (Strengthening the Reporting of Cohort

Studies in Surgery) STROCSS criteria.19 This study was

performed in the ER of a 2686-bed medical center in

southern Taiwan.20–22 The research population consisted

of end-stage terminally ill patients with cancer or other

terminal diseases (such as cardiomyopathy, congestive

heart failure, chronic obstructive pulmonary disease,

emphysema, heart disease, liver disease . . .etc.) who vis-

ited the ER and had received a recommendation of signing

a DNR. The exclusion criteria consisted of the following:

patients who had already signed DNR consent, patients

aged under 20 years of age, patients who had received

surgery or had committed suicide, patients not strong

enough to complete the questionnaire survey, patients

who would be discharged within 24 hrs, and patients

who could not communicate well in Chinese or

Taiwanese. This study included 19 attending physicians

in the emergency department who had attended SHARE
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model-centered communication skills training programs.

Any potential study subject was enrolled during the

study period from May 1, 2017 to April 30, 2018 when

the both attending physician and the observer were on duty

in the emergency room, but only the study subject who had

signed the consent form was recruited into the study. The

DNR consent was signed by both the patient and his (her)

surrogate. If the patient was unable to sign the consent (for

example, conscious disturbance or critical weakness), then

the consent would be signed by the surrogates.

Assessment of Communication Skills
Before the implementation of the research, two nurse

practitioners—with at least 20 years of experience in

emergency care work, and that were members of the

medical team—were assigned as “observers”. These two

nurse practitioners had attended the SHARE course model

and were familiar with communication skills in the train-

ing program. The observers received observation training

to reduce bias and to obtain an objective assessment. The

procedures for observing physicians’ presentation of bad

news began with an explanation of the study’s goals and

implementation steps. After the physicians gave their con-

sent, the observers assessed the performance of those

attending physicians who had agreed to participate in the

study. To quantify the communication skills of the physi-

cians in the process of explaining a signing of DNR con-

sent to the family member, observation forms (i.e., the

patient condition notification scoring form) were used by

the observers to score the physicians’ presentation of bad

news. The observation form was designed based on the

SHARE model and included four aspects: supportive

environment, how to communicate bad news, provision

of additional information, reassurance, and emotional

support.12 Each question had three possible responses: “I

have not done it,” “I have partially done it,” and “I have

done it fully,” which were scored with 0, 1, and 2 points

respectively. The overall questionnaire score was the sum

of the scores for each question, and possible total scores

ranged from 0 to 34 points. Higher scores indicated that

there was a greater fit of the SHARE model in the patient

condition notification.

Data Collection
In addition to the observation form, the research data

included the following: (1) The patient medical records,

including age, gender, marital status, number of chronic

diseases, triage level, Charlson Comorbidity Index (CCI)

—which relies on the International Classification of

Disease 9th Clinical Modification to assign scores to

patient illnesses23—the Glasgow Coma Scale (GCS),

acute complications, and the patient’s source of medical

expenses in multiple-choice; and (2) The questionnaire

survey completed by family member interviews, including

age, gender, level of education, relationship with the

patient, religious belief, related situational experience of

signing DNR consent (multiple choice), and reasons for

considering signing DNR consent (multiple choice). The

interviews of family members were conducted with the

patients’ closest available living blood relatives. For priv-

acy, face-to-face interviews were conducted in quiet,

undisturbed areas in the ER.

Statistical Analysis
A statistical analysis was performed using SPSS software

(version 23.0, IBM Corp., Armonk, NY, USA). Chi-

Squared test were used to compare categorical data. The

odds ratios (ORs) with 95% confidence intervals (CIs) of

the associated conditions of the patients were obtained.

The continuous variables were analyzed using one-way

analysis of variance with a Games–Howell post-hoc test,

and expressed as mean ± standard deviation (SD).

A multivariate logistic regression model was applied to

identify independent significant factors of the patient and

family member variables (source of medical expenses: 1 =

Yes, 0 = No; discussed DNR with the patient: 1 = Yes, 0 =

No; discussed DNR with the physician: 1 = Yes, 0 = No;

experienced signing a DNR order for another family mem-

ber: 1 = Yes, 0 = No; physician’s initiative in discussing

with families: 1 = Yes, 0 = No; receiving notice of the

patient’s critical condition: 1 = Yes, 0 = No; patient’s own

intention: 1 = Yes, 0 = No; discussion among the patient’s

family members: 1 = Yes, 0 = No; predicting limited life

expectancy: 1 = Yes, 0 = No) as well as the four main

components of the observation form (supportive environ-

ment: 0 = “I have not done it”, 1 = “I have partially done

it”, 2 = “I have done it fully”; how to deliver the bad news:

0 = “I have not done it”, 1 = “I have partially done it”, 2 =

“I have done it fully”; additional information: 0 = “I have

not done it”, 1 = “I have partially done it”, 2 = “I have

done it fully”; reassurance and emotional support: 0 = “I

have not done it”, 1 = “I have partially done it”, 2 = “I

have done it fully”) on the signing of DNR consent.

p values < 0.05 were defined as statistically significant.
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Results
Characteristics of the Patients
In total, there were 109 patients enrolled into this study,

with 70 patients having signed a DNR and 39 not. As

shown in Table 1, there were no significant differences in

patient characteristics regarding the age, gender, marital

status, triage level, number of chronic diseases, CCI, GCS,

acute complications, and mortality between those who had

signed (S-DNR) and those who had not signed DNR con-

sent (N-DNR). A significant difference was observed in

the coverage of medical care expenses. There was

a significantly lower rate of insurance paying for patients’

medical expenses in S-DNR consent than N-DNR (18.6%

vs 56.4%; p < 0.001).

Characteristics of the Family Members
As shown in Table 2, there were no significant differ-

ences in characteristics of the family members regard-

ing the age, gender, level of education, relationship

with the patient, and religious belief between those

family members who had signed or did not sign DNR

consent. The S-DNR had a higher rate of signing DNR

than N-DNR when they had discussed DNR with the

patients (45.7% vs 12.8%, p < 0.001) or with physi-

cians (54.3% vs 17.9%, p < 0.001), or had experienced

signing DNR for another family member (17.1% vs

0.0%, p = 0.015). Regarding the reasons for consider-

ing signing DNR consent, there were significantly

lower rates of “physician initiated the discussion with

family members,” “receiving notice of the patient’s

critical condition,” “discussion among the patient’s

family members,” and “a limited life expectancy is

predicted” but a higher rate of “patient’s own inten-

tion” in those who signed DNR consent compared to

those that had not.

Assessment of Communication Skills
Regarding the four main factors of the SHARE model

(Table 3), an analysis of the observation form revealed

that S-DNR had a higher score for “supportive environ-

ment” (6.07 ± 1.64 vs 4.90 ± 1.87; p = 0.001), “how to

deliver the bad news” (13.49 ± 0.78 vs 12.62 ± 1.14;

p < 0.001), and “reassurance and emotional support”

(4.96 ± 1.41 vs 3.23 ± 1.49; p < 0.001) than N-DNR.

There was no significant difference in the score for

“additional information” between S-DNR and N-DNR.

Compared to N-DNR, the S-DNR had a higher score for

the following questions: “relationship with the patient”

and “invite family members to understand the condi-

tion” in the component of supportive environment;

“avoid technical terms,” “possible causes of cardiac

arrest,” and “if the condition is not explained smoothly,

is there a request for assistance” in the component of

how to deliver the bad news; “explain the future treat-

ment policy” in the component of additional informa-

tion; and “comfort patients and encourage their families

to think positively” and “expressing concern” in the

component of reassurance and emotional support.

However, the score for “express the same mood’ is

lower in S-DNR than N-DNR.

Table 1 Patient Characteristic in Those Who Had Signed

(S-DNR) or Did Not Sign a DNR Consent (N-DNR)

Variables N-DNR (n

= 39)

S-DNR (n

= 70)

p value

Age (years), mean ± SD 78.5 ± 12.6 74.3 ± 13.8 0.126†

Gender, n (%) 0.238*

Female 12 (30.8) 31 (44.3)

Male 27 (69.2) 39 (55.7)

Marital status, n (%) 0.061*

Married 15 (38.5) 40 (57.1)

Single, widowed or

divorced

24 (61.5) 30 (42.9)

Triage level, n (%) 0.505*

Level I 16 (41.0) 28 (40.0)

Level II 18 (46.2) 27 (38.6)

Level III or IV 5 (12.8) 15 (21.4)

Number of chronic

diseases, n (%)

0.297*

One 6 (15.4) 19 (27.1)

Two 18 (46.2) 24 (34.3)

≥Three 15 (38.4) 27 (38.3)

CCI, mean ± SD 3.10 ± 2.01 2.99 ± 1.85 0.760†

GCS, mean ± SD 6.87 ± 3.11 6.99 ± 3.38 0.862†

Acute complications, n (%) 35 (89.7) 52 (74.3) 0.093*

Source of medical

expenses, n (%)

Self savings 13 (33.3) 19 (27.1) 0.645*

Pay by spouse 8 (20.5) 9 (12.9) 0.435*

Sharing by children 31 (79.5) 52 (74.3) 0.707*

Pay by insurance 22 (56.4) 13 (18.6) <0.001*

Mortality, n (%) 18 (46.2) 40 (57.1) 0.367*

Notes: Statistical analysis: *Chi-Squared test, †unpaired Student t-test.

Abbreviations: CCI, Charlson Comorbidity Index; DNR, do-not-resuscitate;

GCS, Glasgow Coma Scale; SD, standard deviation.
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Independent Significant Factors for

Signing DNR Consent
A multivariate logistic regression model (Table 4) was

applied to identify the independent significant factors

of the patient characteristics and family member char-

acteristics that contributing to the signing of a DNR

consent in the Tables 1 and 2, respectively, as well

as the four main components of the observation form

in the Table 3. The analysis revealed that “how to

deliver the bad news” and “reassurance and emotional

support” were positive independent significant factors

but that “physician initiated the discussion with family

members” and “a limited life expectancy is predicted”

were negative independent significant factors for sign-

ing DNR consent.

Discussion
This study investigated the association between signing

of DNR consent by terminally ill patients and the com-

munication skill of the ER physicians who had partici-

pated in the SHARE model course on patient notification.

The findings revealed that knowing how to convey bad

news and providing reassurance and emotional support

were significantly correlated with a higher rate of signing

DNR consent in terminally ill patients. Existing studies

have reported that what physicians fear most is to face

Table 2 Characteristic of Family Members in Those Who Had Signed (S-DNR) or Did Not Sign a DNR Consent (N-DNR)

Variables N-DNR (n=39) S-DNR (n = 70) p value

Age (years) 51.1 ± 13.4 52.7 ± 11.5 0.518†

Gender, n (%) 0.238*

Female 17 (43.6) 38 (54.3)

Male 22 (56.4) 32 (45.7)

Level of education, n (%) 0.316*

Junior high school or below 9 (23.1) 21 (30.0)

Senior high school (or technical education) 15 (38.5) 25 (35.7)

Junior college 11 (28.2) 11 (15.7)

University or above 4 (10.3) 13 (18.6)

Relationship with the patient, n (%) 0.307*

Spouse 5 (12.8) 13 (18.6)

Son 20 (51.3) 27 (38.6)

Daughter 11 (28.2) 17 (24.3)

Other 3 (7.7) 13 (18.5)

Religious belief, n (%) 0.140*

Buddhism 5 (12.8) 20 (28.6)

Taoism 24 (61.5) 32 (45.7)

Other (including none) 10 (25.6) 18 (25.7)

Situation in signing DNR, n (%)

Discussed DNR with the patient 5 (12.8) 32 (45.7) 0.001*

Discussed DNR with the physician 7 (17.9) 38 (54.3) <0.001*

Experienced signing DNR for another family member, n (%) 0 (0.0) 12 (17.1) 0.015*

Reasons for considering signing DNR upon, n (%)

Physician initiated the discussion with family members 29 (74.4) 7 (10.0) <0.001*

Receiving notice of the patient’s critical condition 31 (79.5) 30 (42.9) <0.001*

Patient’s own intention 4 (10.3) 28 (40.0) 0.002*

Discussion among the patient’s family members 27 (69.2) 31 (44.3) 0.021*

Predicting that the patient cannot be cured 17 (43.6) 26 (37.1) 0.649*

Patient has been in and out of the hospital frequently 5 (12.8) 10 (14.3) 0.891*

A limited life expectancy is predicted 15 (38.5) 12 (17.1) 0.025*

Notes: Statistical analysis: *Chi-Squared test, †unpaired Student t-test. Age is expressed as mean ± standard deviation.

Abbreviation: DNR, do-not-resuscitate.
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patients and their family members alone, especially when

conveying information in situations that are not covered

in textbooks.11 To cope with such situations, physicians

should learn how to deal with pressure, enhance their

self-confidence, and rely on observation of their peers

and the use of frameworks to enhance their ability to

perform patient condition notification.11 Physicians

should therefore pay close attention to their words,

observe their peers’ explanations, and rely on self-

reflection to improve their communication skills.11,24

Furthermore, the last dimension (reassurance and emo-

tional support) should be emphasized throughout the

Table 3 Scores from the Observation Form Which Contained the Four Main Factors of the SHARE Model

Variables N-DNR (n=39) S-DNR

(n = 70)

p value

Supportive environment 4.90 ±1.87 6.07 ±1.64 0.001

Self-introduction 2.23 ±0.71 2.11 ±0.81 0.453

Choose a quiet environment 1.18 ±0.64 1.23 ±0.80 0.744

Relationship with the patient 0.85 ±0.67 1.29 ±0.66 0.001

Invite family members to understand the condition 1.49 ±0.68 1.74 ±0.53 0.032

How to deliver the bad news 12.62 ±1.14 13.49 ±0.78 <0.001

Avoid technical terms 1.38 ±0.54 1.81 ±0.39 <0.001

The whole process of the disease 1.77 ±0.43 1.90 ±0.35 0.086

Changes in related emergency procedures 1.85 ±0.37 1.94 ±0.29 0.131

Possible causes of cardiac arrest 1.85 ±0.43 2.00 ±0.00 0.003

Expressing the role of medical care at the time 1.92 ±0.27 1.97 ±0.17 0.251

Confirmation of family members’ understanding of the relevant condition 1.90 ±0.31 1.89 ±0.32 0.853

If the condition is not explained smoothly, is there a request for assistance 1.62 ±0.49 1.91 ±0.28 <0.001

Additional information 5.13 ±0.92 4.99 ±0.92 0.442

Understand the patient’s wishes and confirm it 1.72 ±0.51 1.87 ±0.38 0.077

Explain the future treatment policy 1.41 ±0.68 1.77 ±0.52 0.002

Provide other medical information 1.90 ±0.38 1.71 ±0.51 0.055

Reassurance and Emotional support 3.23 ±1.49 4.96 ±1.41 <0.001

Express the same mood 1.82 ±0.39 1.50 ±0.61 0.004

Encourage comfort patients and their families to think positively 1.28 ±0.72 1.81 ±0.43 <0.001

Expressing concern 1.03 ±0.49 1.59 ±0.69 <0.001

Notes: All values are calculated by the unpaired Student’s t-test and expressed as mean ± SD.
Abbreviation: DNR, do-not-resuscitate.

Table 4 Multivariate Logistic Regression Model for the Identification of the Significant Factors for Signing a DNR Consent

Predictors β OR 95% CI p value

Intercept −9.50

Medical expenses pay by insurance −0.20 0.82 0.22–3.12 0.766

Discussed DNR with the patient −1.19 0.30 0.03–2.96 0.305

Discussed DNR with the physician 1.01 2.73 0.69–10.8 0.152

Experienced signing DNR consent for another family member 0.50 1.65 0.25–11.05 0.607

Physician initiated the discussion with family members −2.93 0.05 0.01–0.32 0.001

Receiving notice of the patient’s critical condition 0.14 1.15 0.28–4.69 0.847

Patient’s own intention 0.89 2.43 0.32–20.02 0.409

Discussion among the patient’s family members −0.11 0.90 0.26–3.14 0.869

A limited life expectancy is predicted −1.50 0.22 0.07–0.72 0.012

Supportive environment −0.01 1.00 0.68–1.47 0.981

How to deliver the bad news 0.57 1.78 1.02–3.09 0.042

Additional information 0.30 1.34 0.64–2.81 0.432

Reassurance and emotional support 0.57 1.77 1.12–2.83 0.014

Abbreviations: DNR, do-not-resuscitate; OR, odds ratio; CI, confidential interval.
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SHARE model-centered truth-telling process to reflect

the preferences of patients with cancer.13,14

The results of this study showed no significant differ-

ences in patient characteristics concerning the signing of

a DNR, with the exception of a significantly lower rate of

insurance paying for patients’ medical expenses in S-DNR

thanN-DNR. These results are contradictory to earlier results

reported in Taiwan, which state that patients’ functional

status, disease severity, and days of hospitalization are sig-

nificant predictive factors for clinical physicians’ and family

members’ DNR decisions.2,25,26 We believe that this contra-

diction can be attributed to that study being performed on

different patient population, as opposed to this study, in

which only end-stage patients with cancer or other terminal

diseases were included.

A higher rate of “patient’s own intention” in S-DNR than

N-DNR was observed in this study. Obviously, if a patient is

able to clearly convey his or her treatment wishes before

becoming terminally ill, it would lessen family members’

decision-making anxiety and sense of guilt.27 Nonetheless,

the family members play a key role in the decision making

process of signingDNRconsent. Familymembers’ acceptance

of the patient’swishes forDNRconsent had a positive effect on

DNR signing.28,29 Studies from Taiwan have reported that all

decisions for older people—from living in long-term care

facilities to receiving life-sustaining therapy or signing DNR

consent—were made by their families.30,31 However, approxi-

mately half of the families thought that this decision should be

made by the patients themselves and wanted to know what

their parents thought of the decision making but still preferred

that the healthcare provider ask them.32 This also reflects the

importance of physicians’ communication skills in such cir-

cumstances. Different explanatory approaches are necessary at

different stages of a disease when performing patient condition

notification while using the essential aspects of the SHARE

model in a flexible manner in accordance with patient needs.

Patients, family members, and the medical team jointly parti-

cipating in a more objective and multifaceted assessment will

result in amore accurate portrayal of patient condition notifica-

tion skills required by emergency physicians.12,33

In this study, the multivariate logistic regression model

also confirmed “physician initiated the discussion with family

members” as a significantly negative independent factor for

signing DNR consent. We believe that the reason for this may

be that if a patient’s family members consistently evade dis-

cussion of the subject of death, believe that DNR signing

implies giving up treatment, or believe that the time of DNR

signing has not arrived, such family members will generally

avoid actively mentioning DNR consent, preferring to wait

passively for the physician’s decision. Such family members

typically cannot reach a consensus concerning medical action

when they are confronted with an emergency health crisis,

making it difficult to obtain DNR consent.27,34,35 Furthermore,

in this study, a patient’s shortened life expectancy is negatively

correlated with DNR signing by family members. Whether it

means that a longer life expectancy is associatedwith a heavier

burden for the family members require further investigation.

However, we can infer from the results of this study that it is

important for physicians to take the above two points into

consideration when providing patient condition notification.

This study has some limitations. First, the sample size is

limited. Second, this study was limited to one medical center

and the results may not be generalizable to other medical

centers. Third, the attitude of the physicians involved in this

study toward the end-of-life care may vary and as such, may

lead to bias, even though they had all attended the SHARE

course. Fourth, this study included end-stage patients with

cancer or other diseases; however, the patient’s will or con-

dition to sign DNR consent may differ in those who had

cancer and those who had not, which may also lead to bias.

Lastly, according to the recruiting procedure of the study

subjects, there may be some selection bias in the study,

seeing that only 19 of more than 40 attending physicians in

the emergency department had attended in the study and the

total terminally ill patients screened during this study period

was unknown.

Conclusion
This study revealed that knowledge of how to convey bad news

and provide reassurance and emotional support in ER physi-

cians who had attended the SHARE model course were sig-

nificantly correlatedwith a higher rate of signingDNR consent

among terminal patients. The learning of such skill from atten-

dance of SHARE model course is encouraged for the physi-

cians in the palliative care of terminally ill patients in an

emergency room.
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Abstract: Background: In recent years, several versions of the Abbreviated Injury Scale (AIS) were
updated and published. It was reported that the codeset in the dictionary of AIS-2005 had significant
change from that of AIS-1998. This study was designed to evaluate the potential impact of adapting the
AIS-2005 codeset from the AIS-1998 in an established trauma system of a single level I trauma center.
The patients’ outcome was measured in different Injury Severity Score (ISS) strata according to the
double-coded injuries in a three-year period. Methods: The double-coded injuries sustained by 7520
trauma patients between 1 January, 2016, and 31 December, 2018, in a level I trauma center were used
to compare the patient injury characteristics and outcomes between AIS-1998 and AIS-2005 and under
different ISS strata, defined as <16 (mild to moderate injury), 16–24 (severe injury), and >24 (critical
injury). Results: The mean ISS was significantly lower using AIS-2005 than using AIS-1998 (7.5 ± 6.3
vs. 8.3 ± 7.1, respectively, p < 0.001). AIS-2005 scores in the body regions of the head/neck (2.94 ± 1.08
vs. 3.40 ± 1.15, respectively, p < 0.001) and extremity (2.19 ± 0.56 vs. 2.24 ± 0.58, respectively,
p < 0.001), but not in other body regions, were significantly lower than AIS-1998 scores. The critically
injured patients (ISS >24), but not severely injured patients or patients with mild-to-moderate injury,
coded by AIS-2005 had a significantly higher mortality rate (34.2% vs. 26.2%, respectively, p = 0.031)
than did patients coded by AIS-1998. The rate of intensive care unit admission was significantly
higher for patients in all ISS strata after adapting AIS-2005 as the scoring system than after adapting
AIS-1998. Regarding patients with major trauma, which was defined as ISS > 15, the number of
patients with major trauma in this study was 17.0% (n = 1276) for AIS-1998 and 9.7% (n = 733) for
AIS-2005. As a consequence, the mortality rate of patients with major trauma was significantly higher
in AIS-2005 than in AIS-1998 (15.4% vs. 9.1%, respectively, p < 000.1). Conclusions: In this study,
we revealed that the adaptation of AIS-2005 from AIS-1998 had resulted in a significant decrease of
severity scores in the measurement of the same injuries. The number of head/neck injuries classified
as 16–24 was the key difference between AIS-1998 and AIS-2005. Furthermore, critically injured
patients who had ISS > 24 coded by AIS-2005 had significantly higher mortality rates than did the
patients coded by AIS-1998. This study also indicated that a direct comparison of the measurements
that are generated from these two AIS versions can produce misleading results.
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1. Introduction

The Abbreviated Injury Scale (AIS) was developed in 1971 to measure an anatomy-based injury
severity with a simple score to rank specific injuries in trauma patients [1]. The AIS was developed
based on several dimensions of severity, including energy dissipation, extent of tissue damage, threat
to life, permanent impairment, and treatment period, to assess the severity of the anatomical injury on
a six-point ordinal scale ranging from minor (1), moderate (2), serious (3), severe (4), critical (5), to
un-survivable injury (6). AIS is the fundamental basis of several severity scoring systems, such as the
Injury Severity Score (ISS) [2], the Maximum Abbreviated Injury Score [3], the New Injury Severity
Score (NISS) [4,5], and the Exponential Injury Severity Score [5]. The most commonly used prediction
model for survival probability of trauma patients, the Trauma and Injury Severity Score (TRISS) [6–8],
is also calculated based on the ISS.

In recent years, several versions of AIS had been updated and published. AIS-1990, the first
to utilize the six-digit identifier, expanded the codes of brain injury and added some modifiers for
pediatric injury [9]. AIS-1998 established the guidelines for coding throughout the entire dictionary and
improved the specificity for several organ injuries [9]. AIS-2005 made significant changes throughout
the dictionary and added over 600 codes [9]. AIS-2008 was the minor revised version of AIS-2005 and
included changes in the injury severity level of eight codes, a supplement to the coding instruction,
and error correction [10]. Considered the most recent AIS, AIS-2015 completely revised the spinal
injury codes and allowed the coding of associated soft tissue injury [9].

The differences between AIS-1990 and AIS-1998 and between AIS-2005 and AIS 2008 were
relatively insignificant. One study found that there was no significant change of ISS severity between
AIS-1998 and AIS-1990 [11]. Additionally, there were only minor changes between AIS-2005 and
AIS-2008 [12,13]. However, there was a significant impact on the measurement of overall injury severity
between AIS-2005 and AIS-1998. There was a substantial increase in the codeset size of AIS-2005 (1986
codes) from AIS-1998 (1341 codes) to cover a wider injury spectrum [9,14]. More than 10% of AIS-2005
codes had an assigned injury severity, which was different from the comparable code of AIS-1998.

Two studies had reported that the mean ISS calculated from AIS-2005 was significantly less than
that from AIS-1998 [15,16]. Salottolo et al. [16] found a lower calculated ISS, NISS, and maximum AIS
with inaccurate subsequent outcome measurement in the studied trauma population. However, some
limitations inherent in these studies had been recognized [17]. The ISS, which is an ordinal and highly
skewed measure, was assessed using t-tests, which was considered statistically inappropriate when
analyzing such data [17]. Moreover, there was no discussion regarding the proportion of injuries in
each body region with changed severity. Barnes et al. [15] evaluated the proportion of injuries that had
changed in their AIS scores in a sample selected from a car occupant injury database in 1994. However,
only a small proportion of patients was severely injured. Additionally, the effect of the score changes
within each individual body region has not been explored yet [17]. Therefore, this study aimed to
evaluate the potential impact of adapting the AIS-2005 codeset from the AIS-1998 in an established
trauma system of a single level I trauma center in southern Taiwan using the double-coded injuries
in a three-year period with the examination of the effect of these changes on the patients’ outcome
measurement in different ISS strata.
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2. Materials and Methods

2.1. Ethics Statement

This study had been approved with a reference number 201900384B0C501 by the Institutional
Review Board (IRB) of the Kaohsiung Chang Gung Memorial Hospital. The requirement for informed
consent from the patients was waived according to the regulation of IRB.

2.2. Study Population

The study double-coded the injuries for all 7520 consecutively admitted trauma patients during a
three-year period between 1 January, 2016, and 31 December, 2018, by two certified specialists who
had been trained for coding and experienced for three and ten years, respectively, in trauma registry at
Taiwan. The study hospital is a level I trauma center in the Kaohsiung city, Taiwan [18–20] and serves
around three millions patients in southern Taiwan with another two level I trauma centers [21–24].
About thirty thousand trauma patients had visited the emergency department of this hospital and,
among them, there were around 3600 hospitalizations per year. The AIS codes were manually coded
according to both AIS-1998 and AIS-2005 to ease the transition between AIS versions. AIS, which scores
the severity of injury on a scale of 1–6 for six specified anatomical regions, was prospectively recorded
for each AIS version (AIS-1998 and AIS-2005) with corresponding ISS and TRISS calculated. Patient
information retrieved included sex, age, hospital length of stay (LOS), admission into the intensive
care unit (ICU), and in-hospital mortality.

2.3. Statistical Analysis

Patient injury characteristics and outcomes were compared between those coded by AIS-1998 and
AIS-2005 and under different ISS strata. The statistical analysis was performed using the Statistical
Package for the Social Sciences version 23.0 window software (International Business Machines Corp.,
Armonk, NY, USA). The categorical variables were analyzed with chi-square analysis or Fisher’s exact
analysis. The homogeneity of variance of the continuous variables was first assessed using Levene’s
test, followed by one-way analysis of variance with a Games–Howell post hoc test, to evaluate the
differences between groups of body regions coded by AIS-1998 and AIS-2005. Continuous data were
expressed as mean ± standard deviation. Non-normally distributed data are presented as median ±
interquartile range (IQR, Q1–Q3). A p value < 0.05 was considered statistically significant.

3. Results

3.1. Comparison of Injury Characteristics between Abbreviated Injury Scale (AIS)-1998 and AIS-2005

In this study, a total of 7520 hospitalized trauma patients were included. As shown in Table 1,
the patient numbers coded with AIS injury are similar in the body regions of the head/neck, face, and
abdomen, but not in the body regions of the thorax (AIS-1998, 928 patients; AIS-2005, 930 patients),
extremity (AIS-1998, 5162 patients; AIS-2005, 5147 patients), and external organs (AIS-1998, 1070
patients; AIS-2005, 1083 patients). The mean ISS was significantly lower using AIS-2005 than using
AIS-1998 (7.5 ± 6.3 vs. 8.3 ± 7.1, respectively, p < 0.001). The mortality rate, rate of ICU admission, and
median days of hospital LOS of these patients were 1.8% (135 / 7520), 21.2%, and six days, respectively.
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Table 1. Characteristics and outcomes of the study population coded by Abbreviated Injury Scale
(AIS)-1998 and AIS-2005.

AIS Version AIS-1998 AIS-2005

Patient Number 7520
Age (Years) 49.5 ± 22.8

Gender, n (%)
Male 4145 (55.1)

Female 3375 (44.9)
Mortality, n (%) 135 (1.8)

ICU Admission, n (%) 1596 (21.2)
Hospital LOS, days (Q1–Q3) 6 (3–10)

AIS, n (%)
Head/Neck 1528 (20.3) 1528 (20.3)

Face 857 (11.4) 857 (11.4)
Thorax 928 (12.3) 930 (12.4)

Abdomen 431 (5.7) 431 (5.7)
Extremity 5162 (68.6) 5147 (68.4)
External 1070 (14.2) 1083 (14.4)

ISS 8.3 ± 7.1 7.5 ± 6.3 *

AIS = Abbreviated Injury Scale; ICU = intensive care unit; ISS = Injury Severity Score; LOS = length of stay; Q1 =
the first quartile; Q3 = the third quartile; * indicates significant when compared with AIS-1998.

3.2. Comparison of AIS in Different Body Regions between AIS-1998 and AIS-2005

The mean AIS-2005 scores were lower than those in AIS-1998 in the body regions of the head/neck
(2.94 ± 1.08 vs. 3.40 ± 1.15, respectively, p < 0.001) and extremity (2.19 ± 0.56 vs. 2.24 ± 0.58, respectively,
p < 0.001), but not in other body regions of the face, thorax, abdomen, and external organs (Table 2).

Table 2. Characteristics and outcomes of the study population coded by Abbreviated Injury Scale
(AIS)-1998 and AIS-2005.

AIS of Body Region AIS-1998 AIS-2005 p

Head/Neck 3.40 ± 1.15 2.94 ± 1.08 * <0.001
Face 1.79 ± 0.43 1.77 ± 0.45 0.207

Thorax 2.65 ± 0.87 2.60 ± 0.78 0.203
Abdomen 2.68 ± 0.94 2.69 ± 0.94 0.971
Extremity 2.24 ± 0.58 2.19 ± 0.56 * <0.001
External 1.22 ± 0.58 1.21 ± 0.58 0.888

AIS = Abbreviated Injury Scale; The continuous data are expressed as mean ± standard deviation; * indicates
significant when compared with AIS-1998.

3.3. Comparison of Injury Characteristics between AIS-1998 and AIS-2005 According to the Injury Severity
Score Strata

As a result of the difference between patients scored with the two AIS versions, several patients
were newly classified into different ISS strata, defined as <16 (mild to moderate injury), 16–24 (severe
injury), and >24 (critical injury). The percentage of patients classified into the ISS > 24 stratum (Table 3)
were 4.7% (n = 351) and 3.5% (n = 266) for AIS-1998 and AIS-2005, respectively. For the critically injured
patients, patients coded by AIS-2005 in the body regions of the extremity were significantly fewer
than patients coded by AIS-1998. A significant difference in the proportion of patients between these
two AIS versions in other body regions was not observed. Compared to AIS-1998, patients coded as
critically injured by AIS-2005 had a significantly higher TRISS (0.33 ± 0.29 vs. 0.22 ± 0.41, respectively,
p < 0.001), mortality rate (34.2% vs. 26.2%, respectively, p = 0.031), and rate of ICU admission (98.1%
vs. 92.6%, respectively, p = 0.002). No significant difference in the hospital LOS was found between
the groups.
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Table 3. Characteristics and outcomes of the patients with Injury Severity Score >24 coded by
Abbreviated Injury Scale (AIS)-1998 and AIS-2005.

ISS> 24 AIS-1998
n = 351

AIS-2005
n = 266 p

Age (Years) 51.3 ± 21.0 50.9 ± 20.8 0.791
Gender, n (%) 0.435

Male 250 (71.2) 197 (74.1)
Female 101 (28.8) 69 (25.9)

Mortality, n (%) 92 (26.2) 91 (34.2) * 0.031
ICU Admission, n (%) 325 (92.6) 261 (98.1) * 0.002

Hospital LOS, days (Q1–Q3) 15 (8–26) 16 (7–28) 0.157
AIS, n (%)

Head/Neck 289 (82.3) 208 (78.2) 0.198
Face 72 (20.5) 50 (18.8) 0.596

Thorax 171 (48.7) 121 (45.5) 0.426
Abdomen 91 (25.9) 77 (28.9) 0.404
Extremity 177 (50.4) 111 (41.7) * 0.032
External 30 (8.5) 24 (9.0) 0.836

TRISS 0.22 ± 0.41 0.33 ± 0.29 * <0.001

AIS = Abbreviated Injury Scale; ICU = intensive care unit; ISS = Injury Severity Score; LOS = length of stay; TRISS =
Trauma Injury Severity Score; * indicates significant when compared with AIS-1998.

As shown in Table 4, the percentage of patients classified into the ISS 16–24 stratum is 12.3%
(n = 925) and 6.2% (n = 467) for AIS-1998 and AIS-2005, respectively, resulting in a decrease of nearly
50% of patients with an ISS 16–24 stratum coded by AIS-2005. Among this ISS stratum, there were
significantly fewer patients coded by AIS-2005 in the body regions of head/neck than patients coded
by AIS-1998, but there were more patients coded by AIS-2005 in the body regions of the face, thorax,
abdomen, and extremity. Compared to AIS-1998, patients coded by AIS-2005 had a significantly higher
TRISS (0.08 ± 0.12 vs. 0.01 ± 0.11, respectively, p < 0.001) and rate of ICU admission (85.2% vs. 67.0%,
respectively, p < 0.001) and longer hospital LOS (median: 15 days vs. 9 days, respectively, p < 0.001).
Although the mortality rate in AIS-2005 was higher than that in AIS-1998, the difference was marginal
and nonsignificant (4.7% vs. 2.7%, respectively, p = 0.005).

Table 4. Characteristics and outcomes of the patients with Injury Severity Score 16–24 coded by
Abbreviated Injury Scale (AIS)-1998 and AIS-2005.

ISS 16–24 AIS-1998
n = 925

AIS-2005
n = 467 p

Age (years) 54.8 ± 22.2 50.4 ± 22.0 * <0.001
Gender, n (%) 0.075

Male 575 (62.2) 313 (67.0)
Female 350 (37.8) 154 (33.0)

Mortality, n (%) 25 (2.7) 22 (4.7) 0.050
ICU admission, n (%) 620 (67.0) 398 (85.2) * <0.001

Hospital LOS, days (Q1–Q3) 9 (5–16) 15 (10–24) * <0.001
AIS, n (%)

Head/Neck 752 (81.3) 346 (74.1) * 0.002
Face 179 (19.4) 121 (25.9) * 0.005

Thorax 202 (21.8) 176 (37.7) * <0.001
Abdomen 106 (11.5) 112 (24.0) * <0.001
Extremity 288 (31.1) 242 (51.8) * <0.001
External 79 (8.5) 41 (8.8) 0.881

TRISS 0.01 ± 0.11 0.08 ± 0.12 * <0.001

AIS = Abbreviated Injury Scale; ICU = intensive care unit; ISS = Injury Severity Score; LOS = length of stay; TRISS =
Trauma Injury Severity Score; * indicates significant when compared with AIS-1998.
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As shown in Table 5, the percentage of patients classified into the ISS < 16 stratum is 83.0%
(n = 6244) and 90.3% (n = 6787) for AIS-1998 and AIS-2005, respectively. Among this ISS stratum,
there were significantly more patients coded by AIS-2005 in the body regions of the head/neck than
those coded by AIS-1998, but there were fewer patients coded by AIS-2005 in the extremity than
those coded by AIS-1998. Compared to AIS-1998, patients coded by AIS-2005 had a significantly
higher TRISS (0.17 ± 0.02 vs. 0.00 ± 0.02, respectively, p < 0.001) and rate of ICU admission (13.8% vs.
10.4%, respectively, p < 0.001) than patients coded by AIS-1998. No significant difference in the rate of
mortality and hospital LOS was observed between the groups.

Table 5. Characteristics and outcomes of patients with Injury Severity Score <16 coded by Abbreviated
Injury Scale (AIS)-1998 and AIS-2005.

ISS <16 AIS-1998
n = 6244

AIS-2005
n = 6787 p

Age (Years) 48.6 ± 22.9 49.4 ± 23.0 0.056
Gender, n (%) 0.658

Male 3320 (53.2) 3635 (53.6)
Female 2924 (46.8) 3152 (46.4)

Mortality, n (%) 18 (0.3) 22 (0.3) 0.712
ICU Admission, n (%) 651 (10.4) 937 (13.8) * <0.001

Hospital LOS, Days (Q1–Q3) 5.0 (3.0–9.0) 5.0 (3.0–9.0) 0.755
AIS, n (%)

Head/Neck 487 (7.8) 974 (14.4) * <0.001
Face 606 (9.7) 686 (10.1) 0.443

Thorax 555 (8.9) 633 (9.3) 0.385
Abdomen 234 (3.7) 242 (3.6) 0.580
Extremity 4697 (75.2) 4794 (70.6) * <0.001
External 961 (15.4) 1021 (15.0) 0.581

TRISS 0.00 ± 0.02 0.17 ± 0.02 * <0.001

AIS = Abbreviated Injury Scale; ICU = intensive care unit; ISS = Injury Severity Score; LOS = length of stay; TRISS =
Trauma Injury Severity Score; * indicates significant when compared with AIS-1998.

Regarding patients with major trauma, which was defined as ISS >15 (i.e., the sum of patients in
ISS 16–24 and >24 strata), the number of patients with major trauma in this study was 17.0% (n = 1,76)
for AIS-1998 and 9.7% (n = 733) for AIS-2005. The mortality rate of patients with major trauma was
significantly higher in AIS-2005 than that in AIS-1998 (15.4% vs. 9.1%, respectively, p < 000.1). Due to
the number of patient deaths being nearly similar in those coded by AIS-1998 and AIS-2005 (n = 117 vs.
n = 116), the significantly higher mortality rate was attributed to the remarkably reduced number of
patients with major trauma coded by AIS-1998 and AIS-2005 (n = 1276 vs. n = 733). The distribution of
AIS scores coded by AIS-1998 and AIS-2005 in the body regions of head/neck and extremity is shown
in the Table 6. Of note, a coding with extremity AIS in AIS-1998 had been moved to a coding with AIS
for the external injury in AIS-2005 in 15 patients.
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Table 6. Distribution of AIS scores coded by Abbreviated Injury Scale (AIS)-1998 and AIS-2005 in the
body regions of head/neck and extremity.

AIS for Head/Neck

AIS-1998

AIS in different versions Minor/Mode
(AIS = 1 + 2)

Serious
(AIS = 3)

Severe
(AIS = 4)

Critical
(AIS = 5) Total

AIS-2005

Minor/Moderate (AIS = 1 + 2) 330 (21.6%) 118 (7.7%) 2 (0.1%) 0 (0.0%) 450 (29.5%)
Serious (AIS = 3) 0 (0.0%) 128 (8.4%) 573 (37.5%) 0 (0.0%) 701 (45.9%)
Severe (AIS = 4) 0 (0.0%) 0 (0.0%) 216 (14.1%) 6 (0.4%) 222 (14.5%)
Critical (AIS = 5) 0 (0.0%) 0 (0.0%) 2 (0.1%) 152 (9.7%) 154 (10.1%)

Total 330 (21.6%) 246 (16.1%) 793 (51.9%) 158 (10.3%) 1528 (100%)

AIS for Extremity

AIS-1998

AIS in different versions Minor/Mode
(AIS = 1 + 2)

Serious
(AIS = 3)

Severe
(AIS = 4)

Critical
(AIS = 5) Total

AIS-2005

Minor/Moderate (AIS = 1 + 2) 3544 (68.7%) 220 (4.3%) 1 (0.02%) 0 (0.0%) 3765 (72.9%)
Serious (AIS = 3) 4 (0.08%) 1360 (26.3%) 0 (0.0%) 0 (0.0%) 1364 (26.4%)
Severe (AIS = 4) 0 (0.0%) 0 (0.0%) 18 (0.3%) 0 (0.0%) 18 (0.3%)
Critical (AIS = 5) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Total 3548 (68.7%) 1580 (30.6%) 19 (0.4%) 0 (0.0%) 5162 (100%)

4. Discussion

In this study, we revealed that the changes from AIS-1998 to AIS-2005 result in a significant
decrease in the assessment of severity scores. The number of head/neck injuries classified as 16–24 was
the key difference between AIS-1998 and AIS-2005. Among this ISS stratum, there were significantly
fewer patients coded by AIS-2005 than patients coded by AIS-1998. Furthermore, critically injured
patients with ISS > 24 coded by AIS-2005 had significantly higher mortality rate than patients coded by
AIS-1998. Additionally, the rate of ICU admission was significantly higher for patients in all ISS strata
after adapting AIS-2005 as the scoring system.

We found that AIS-2005 scores particularly in the body regions of the head/neck and extremity
were significantly lower than AIS-1998 scores. These results were consistent with the reported literature.
According to AIS-1998 version, significant specificity in the coding of traumatic brain injuries was
not observed. The changes from AIS-1998 to AIS-2005 result in significant differences in severity
scores, and most of the changes are observed in cerebellar and cerebral injuries [25]. For example,
traumatic hypoxic brain injury secondary to systemic dysfunction was captured by AIS-2005 but not
by AIS-1998. Additionally, subarachnoid hemorrhage with different sizes of the lesions had similar
codes in AIS-1998, but this had been updated in AIS-2005. AIS-2005 differentiated injuries by size,
resulting in additional code choices [9]. Furthermore, AIS-2005 captured fewer loss-of-consciousness
cases due to changes in the criteria for coding concussive injury [25]. It had been estimated that in
patients with traumatic brain injury, the mean AIS score coded by AIS-2005 was also significantly lower
than that coded by AIS-1998 (2.85 (95% confidence interval, CI, 2.76–2.95) vs. 3.08 (95% CI, 2.99–3.18),
p < 0.01) [25].

With the additional specificity of musculoskeletal/orthopedic injuries, a substantial increase in
AIS-2005 codes in the upper and lower extremity from AIS-1998 had been noted. AIS-1998 did not code
the upper extremity long bone fracture in the proximal, shaft, and distal sites, but AIS-2005 had added
such a level of specificity [9]. The codes and descriptions specifically for humerus shaft fracture of the
upper extremity and bimalleolar fractures were expanded from AIS-1998 to AIS-2005 [9]. Furthermore,
some long bone fractures were listed as AIS 3 in AIS-1998 but downgraded to a severity of AIS 2 in
AIS-2005 [9].

Regarding the decreased number of patients categorized as having major trauma under the
definition of ISS > 15, this study presented similar results to that reported by Salottolo et al. [16] and
Palmer et al. [17]. With the adaptation of AIS-2005, a decrease in the number of patients with major
trauma ranging from 17% [26] to 22% [27] has been observed based on the Victorian major trauma
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criteria. In this study, the number of patients with major trauma for AIS-2005 was 9.7% (n = 733),
with a 42.5% decrease in the number of patients experiencing major trauma from 17.0% (n = 1276) for
AIS-1998. In our data, the mortality rate of patients with major trauma with an ISS > 15 increased
from 9.1% in the patients coded by AIS-1998 to 15.4% in the patients coded by AIS-2005. Based on
the ISS calculation, an ISS > 15 indicated a severe-to-critical injury, which was associated with a 10%
mortality rate from the Major Trauma Outcome Study population [28,29]. This is no longer the case
when considering the significant improvements in trauma management in the past decades. Several
AIS codes have had their AIS severity scores reduced between AIS-1998 and AIS-2005 because with the
advancements in trauma management, some injuries are easily treated. Although the severities of
AIS-2005 may more accurately reflect the medical practices today, according to this study, the increase
in mortality rate by adapting the AIS-2005 rather than the older AIS-1998 version should be taken into
consideration, specifically when comparing the outcome of trauma management among different times
or different hospitals. A direct comparison of the measurements that are generated from these two AIS
versions can produce misleading results. Additionally, the most recent AIS revision, AIS-2015 from the
Association for the Advancement of Automotive Medicine, had already been used and considered as
an option in the US National Trauma Data Standard for 2019 [30]. Therefore, it is also necessary to
continue to evaluate this essential tool and the scores that are derived from it.

This study has some limitations. First, the study involved trauma patients in one hospital only;
hence, the generalization of the results to other hospitals or regions should be further assessed. Second,
the patients who were declared dead at the scene of the injury were excluded, and only in-hospital
mortality was included in the registered trauma database, which may result in a selection bias in
the assessment of mortality rate. Finally, the indications or results of trauma management, surgical
intervention, and indications for ICU admission for these patients were not considered in the analysis
of this study, and we can only assume such options for these patients did not differ.

5. Conclusions

In this study, we revealed that the adaptation of the AIS-2005 from the AIS-1998 had resulted in a
significant decrease in the measurement of severity scores. The significant decreases in AIS scores are
in the body regions of the head/neck and extremity. As a consequence, critically injured patients who
had ISS >24 coded by AIS-2005 had a higher mortality rate than patients coded by AIS-1998.
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Abstract: Background: Hyperglycemia at admission is associated with an increase in worse outcomes
in trauma patients. However, admission hyperglycemia is not only due to diabetic hyperglycemia (DH),
but also stress-induced hyperglycemia (SIH). This study was designed to evaluate the mortality rates
between adult moderate-to-severe thoracoabdominal injury patients with admission hyperglycemia as
DH or SIH and in patients with nondiabetic normoglycemia (NDN) at a level 1 trauma center. Methods:
Patients with a glucose level ≥200 mg/dL upon arrival at the hospital emergency department were
diagnosed with admission hyperglycemia. Diabetes mellitus (DM) was diagnosed when patients had
an admission glycohemoglobin A1c ≥6.5% or had a past history of DM. Admission hyperglycemia
related to DH and SIH was diagnosed in patients with and without DM. Patients who had a
thoracoabdominal Abbreviated Injury Scale score <3, a polytrauma, a burn injury and were below 20
years of age were excluded. A total of 52 patients with SIH, 79 patients with DH, and 621 patients
with NDN were included from the registered trauma database between 1 January 2009, and 31
December 2018. To reduce the confounding effects of sex, age, comorbidities, and injury severity of
patients in assessing the mortality rate, different 1:1 propensity score-matched patient populations
were established to assess the impact of admission hyperglycemia (SIH or DH) vs. NDN, as well
as SIH vs. DH, on the outcomes. Results: DH was significantly more frequent in older patients
(61.4 ± 13.7 vs. 49.8 ± 17.2 years, p < 0.001) and in patients with higher incidences of preexisting
hypertension (2.5% vs. 0.3%, p < 0.001) and congestive heart failure (3.8% vs. 1.9%, p = 0.014) than
NDN. On the contrary, SIH had a higher injury severity score (median [Q1–Q3], 20 [15–22] vs. 13
[10–18], p < 0.001) than DH. In matched patient populations, patients with either SIH or DH had a
significantly higher mortality rate than NDN patients (10.6% vs. 0.0%, p = 0.022, and 5.3% vs. 0.0%,
p = 0.043, respectively). However, the mortality rate was insignificantly different between SIH and
DH (11.4% vs. 8.6%, odds ratio, 1.4; 95% confidence interval, 0.29–6.66; p = 0.690). Conclusion: This
study revealed that admission hyperglycemia in the patients with thoracoabdominal injuries had a
higher mortality rate than NDN patients with or without adjusting the differences in patient’s age,
sex, comorbidities, and injury severity.
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1. Background

Thoracoabdominal injury is one of the leading causes of mortality in trauma patients. In
polytrauma patients, abdominal injury and thoracic trauma are the second and third most common
causes of death, respectively, after head trauma [1]. Approximately 60% of cases are related to traffic
accidents [2,3], followed by acts of violence and fall accidents [4]. During a side-impact car crash, a
multivariate analysis of 68,124 occupants revealed that advanced age and no use of seat belt were
significantly associated with a major injury to the thoracoabdominal region [5]. Additionally, the
proximity of the seat to the side of the crash was related to the severity of the thoracoabdominal
injury [6]. Furthermore, a blow on the lower chest wall also places the upper abdominal organs at risk
of injury. Most commonly, the impact to the lower chest wall can result in spleen or liver injures [7,8].
Conversely, an impact on the abdomen leads to intrathoracic injury, such as pneumothorax [9]. In a
review of 1661 patients with blunt thoracoabdominal injuries, the overall incidences of hollow viscus
injuries and intra-abdominal solid organ injuries were 6.0% and 59.7%, respectively [10]. The overall
mortality rate varied from 5.1% to 9.3% [2,11,12].

It is well known that hyperglycemia and insulin resistance are often accompanied with severe
illness [13]. In 2003, a retrospective study of trauma patients demonstrated that an admission
hyperglycemia with glucose levels greater than 200 mg/dL was independently associated with an
increased rate of mortality [14]. Additionally, admission hyperglycemia is associated with increased
mortality rates both in critically ill [15–17] and noncritically ill trauma patients [14,18]. However,
admission hyperglycemia is not only attributed to diabetic hyperglycemia (DH) but also stress-induced
hyperglycemia (SIH). SIH is a hyperglycemia caused by a stress response and characterized by
aggravated gluconeogenesis and glycogenolysis, with up to ten times greater cortical output of the
adrenal function [19]. The excessive counter-regulatory hormone leads to relative insulin deficiency
and temporary insulin resistance, followed by an uncompensated hyperglycemia [20] and a failure
to suppress hepatic gluconeogenesis [21]. SIH frequently occurs in trauma patients [18,22,23] and is
associated with worse outcomes, like an increased rate of postoperative wound infection, longer stay
in intensive care unit, and increased mortality [18,24–28]. Kerby et al. had reported that in patients
with all trauma causes, SIH was associated with a higher rate of mortality than DH [29]. We have also
reported that in trauma patients [30] or in patients with traumatic brain injury [31], a worse mortality
outcome was only observed in patients with SIH, but not DH, when adjusting the baseline difference
of age, sex, preexisting comorbidities, and injury severity. Because the pathophysiological response
of patients with thoracoabdominal injuries is different from those who had a traumatic brain injury,
this study was designed to compare the mortality rates between the thoracoabdominal injury patients
with SIH or DH and patients with nondiabetic normoglycemia (NDN). The primary outcome was the
mortality rate of these patients.

2. Methods

2.1. Ethics Statement

After obtaining the approval (referencing number: 201900726B0) from the institutional review
board (IRB) of Chang Gung Memorial Hospital, a level 1 trauma center located in Southern
Taiwan [32–34], we retrospectively reviewed the hospitalized patients with thoracoabdominal injuries
from 1 January 2009, to 31 December 2018. Because of the retrospective study design, informed consent
of the patients was waived in the study according to the regulations of the IRB.
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2.2. Study Population

Admission hyperglycemia was defined as patients with a glucose level ≥200 mg/dL in the serum
upon arrival at the emergency department (ED). According to the guidelines of the American Diabetes
Association, diabetes mellitus (DM) was diagnosed [35] when patients had a past history of DM or
had an admission glycohemoglobin A1c ≥ 6.5%. We only included those patients who had available
glucose data at the ED (n = 15,633) in this study (Figure 1). Moderate-to-severe thoracoabdominal
injury was defined as the presence of a thoracic or abdominal Abbreviated Injury Scale (AIS) score ≥ 3.
In this study, we excluded patients with a thoracoabdominal AIS < 3; those who had polytrauma,
which was defined as if there were any additional AIS scores ≥ 3 in other regions of the body [36]
(n = 13,309); those who were less than 20 years old (n = 1303); and those who had a burn injury (n = 219).
Accordingly, these adult patients with moderate-to-severe thoracoabdominal injuries (n = 802) were
grouped into the following four exclusive subgroups: (1) SIH (admission hyperglycemia in patients
without DM) (n = 52), (2) DH (admission hyperglycemia in patients with DM) (n = 79), (3) DN (no
admission hyperglycemia in patients with DM) (n = 50), and (4) NDN (the patients with no admission
hyperglycemia and without DM) (n = 621). The following patient information was extracted from
the registered trauma database: sex; age; trauma mechanisms such as penetrating or blunt injury;
comorbidities, which included coronary artery disease (CAD), congestive heart failure (CHF), cerebral
vascular accident (CVA), and end-stage renal disease (ESRD); Glasgow Coma Scale (GCS); hypertension
(HTN); serum glucose level at the ED; level of hemoglobin A1c; Injury Severity Score (ISS); hospital
length of stay (LOS); and hospital mortality.
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Figure 1. A flowchart in grouping the adult patients with thoracoabdominal injuries into the following
subgroups: stress-induced hyperglycemia (SIH), diabetic hyperglycemia (DH), diabetic normoglycemia
(DN), and nondiabetic normoglycemia (NDN). DM, diabetes mellitus.

2.3. Methods of Statistical Analysis

We used Statistical Package for the Social Sciences Statistics (SPSS) for Windows, version 23.0
(International Business Machines Corporation, Armonk, NY, USA) for the statistical analysis. The
categorical data were analyzed using Pearson chi-squared tests or a two-sided Fisher’s exact test
with the presentation of odds ratios (ORs) and 95% confidence intervals (CIs). We used Levene’s
test to test the homogeneity of the variance of continuous data. Subsequently, we used a one-way
analysis of variance (ANOVA) with the Games–Howell post hoc test to assess the differences of
continuous variables among different groups of patients. The continuous data were presented as
mean ± standard deviation. The value of ISS was expressed as the median with an interquartile range
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(Q1–Q3); p-values <0.05 were considered statistically significant. The primary outcome of the study
was in-hospital mortality. To attenuate the confounding effects of sex, age, comorbidities, and ISS of
patients in assessing the mortality rate, different 1:1 propensity score-matched patient populations
were established by the NCSS 10 software (NCSS Statistical Software, Kaysville, UT, USA) using the
Greedy method in a 0.2 caliper width for the assessment of the impact of admission hyperglycemia
(SIH or DH) vs. NDN, as well as SIH vs. DH, on the mortality outcomes.

3. Results

3.1. Characteristics of the Patients

The characteristics of patients regarding the injuries and outcomes are shown in Table 1. Patient
characteristics including age, comorbidities such as preexisting HTN and CHF, and ISS were significantly
different among these three groups of patients (SIH, DH, and NDN). On the contrary, sex; comorbidities
of CAD, CVA, and ESRD; trauma mechanisms; and GCS among these three groups of patients were
insignificantly different. Compared to NDN, DH was observed significantly more in elderly patients
(61.4 ± 13.7 vs. 49.8 ± 17.2 years, p < 0.001) and in patients with higher incidences of preexisting HTN
(2.5% vs. 0.3%, p < 0.001) and CHF (3.8% vs. 1.9%, p = 0.014). On the contrary, SIH was insignificantly
observed in elderly patients and patients with higher incidences of preexisting HTN and CHF, but
SIH had a higher ISS (median [Q1–Q3], 20 [15–22] 13 [10–18]; p < 0.001) than DH, with fewer patients
with SIH than with NDN having an ISS <16, and several patients having an ISS of 16 to 24 and ≥25.
However, the ISS between DH and NDN was insignificantly different. Regarding patient outcomes,
patients with SIH and DH presented 7.2-fold (95% CI, 2.33–22.46; p = 0.003) and 4.6-fold (95% CI,
1.50–14.08; p = 0.004) higher odds of mortality, respectively, than those with NDN. The hospital LOS
was longer in patients with SIH, but not with DH, than in patients with DN (17.4 days vs. 13.1 days,
respectively; p = 0.014).

Table 1. Characteristics and outcomes of patients with stress-induced hyperglycemia, diabetic
hyperglycemia, and nondiabetic normoglycemia.

Variables SIH
n = 52

DH
n = 79

NDN
n = 621 p

Male, n (%) 35(67.3) 55(69.6) 445(71.7) 0.763
Age, years 50.2 ± 15.6 61.4 ± 13.7 * 49.8 ± 17.2 <0.001
Co-morbidities

HTN, n (%) 10(19.2) 40(50.6) * 112(18.0) <0.001
CHF, n (%) 0(0.0) 2(2.5) * 2(0.3) 0.034
CAD, n (%) 1(1.9) 3(3.8) 12(1.9) 0.555
CVA, n (%) 1(1.9) 1(1.3) 7(1.1) 0.878
ESRD, n (%) 0(0.0) 2(2.5) 9(1.4) 0.498

Mechanisms 0.642
Penetrating injury, n (%) 2(3.8) 1(1.3) 17(2.7)
Blunt injury, n (%) 50(96.2) 78(98.7) 604(97.3)

GCS 14.0 ± 1.9 14.2 ± 2.6 14.5 ± 1.8 0.167
ISS, median (IQR) 20(15–22) * 13(9–17) 13(10–18) <0.001

<16 13(25.0) * 48(60.8) 356(57.3) <0.001
16–24 30(57.7) * 23(29.1) 223(35.9) 0.002
≥25 9(17.3) * 8(10.1) 42(6.8) 0.018

Mortality, n (%) 5(9.6) * 5(6.3) * 9(1.4) <0.001
Hospital LOS (days) 17.4 ± 17.7 * 14.7 ± 14.5 13.1 ± 10.7 0.036

HTN = hypertension; CHF = congestive heart failure; CAD = coronary artery disease; CVA = cerebral vascular
accident; GCS = Glasgow Coma Scale; ISS = injury severity score; IQR = interquartile range; LOS = length of stay;
SIH = stress-induced hyperglycemia; DH = diabetic hyperglycemia; NDN = nondiabetic normoglycemia; ESRD =
end-stage renal disease. * indicate p < 0.05 when compare NDN.
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3.2. Mortality Outcome of the Propensity Score-Matched Patient Populations

Three different propensity score-matched patient populations—SIH vs. NDN (Table 2), DH vs.
NDN (Table 3), and SIH vs. DH (Table 4)—were established for the analysis of the mortality outcome.
The baseline patient characteristics including sex, age, comorbidities, trauma mechanisms, and ISS
were insignificantly different in these established matched patient populations. Patients with SIH and
DH had a significantly higher mortality rate than patients with NDN (10.6% vs. 0.0%, p = 0.022, and
5.3% vs. 0.0%, p = 0.043, respectively). On the contrary, patients with SIH did not present a significantly
different mortality rate than patients with DH (11.4% vs. 8.6%; OR, 1.4; 95% CI, 0.29–6.66; p = 0.690).

Table 2. The mortality outcome in the matched patient populations with stress-induced hyperglycemia
and nondiabetic normoglycemia.

Propensity-Score Matched Cohort
Variables SIH

n = 47
NDN
n = 47

Odds Ratio
(95% CI)

p Standardized
Difference

Male, n (%) 14 (29.8) 14 (29.8) 1.0 (0.41–2.42) 1.000 0.00%
Age, years 50.2 ± 15.5 50.3 ± 15.5 — 0.963 −0.96%
Co-morbidities

HTN, n (%) 9 (19.1) 9 (19.1) 1.0 (0.36–2.79) 1.000 0.00%
CAD, n (%) 0 (0.0) 0 (0.0) — — —
CHF, n (%) 0 (0.0) 0 (0.0) — — —
CVA, n (%) 0 (0.0) 0 (0.0) — — —
ESRD, n (%) 0 (0.0) 0 (0.0) — — —

Mechanisms, n (%) 0.00%
Penetrating injury, n (%) 1 (2.1) 1 (2.1) 1.0 (0.06–16.47) 1.000
Blunt injury, n (%) 46 (97.9) 46 (97.9) 1.0 (0.06–16.47) 1.000

ISS, median (IQR) 20 (14–21) 19 (14–21) — 0.985 −0.38%

Outcome measurement

Mortality, n (%) 5 (10.6) 0 (0.0) — 0.022 —

HTN = hypertension; CHF = congestive heart failure; CAD = coronary artery disease; CVA = cerebral vascular
accident; ISS = injury severity score; IQR = interquartile range; SIH = stress-induced hyperglycemia; NDN =
nondiabetic normoglycemia.

Table 3. The mortality outcome in the matched patient populations with diabetic hyperglycemia and
nondiabetic normoglycemia.

Propensity-Score Matched Cohort
Variables DH

n = 76
NDN
n = 76

Odds Ratio
(95% CI)

p Standardized
Difference

Male, n (%) 53 (69.7) 53 (69.7) 1.0 (0.50–2.00) 1.000 0.00%
Age, years 61.1 ± 13.8 61.2 ± 13.1 — 0.986 −0.29%
Co-morbidities

HTN, n (%) 37 (48.7) 37 (48.7) 1.0 (0.53–1.89) 1.000 0.00%
CAD, n (%) 1 (1.3) 1 (1.3) 1.0 (0.06–16.29) 1.000 0.00%
CHF, n (%) 0 (0.0) 0 (0.0) — — —
CVA, n (%) 1 (1.3) 1 (1.3) 1.0 (0.06–16.29) 1.000 0.00%
ESRD, n (%) 1 (1.3) 1 (1.3) 1.0 (0.06–16.29) 1.000 0.00%

Mechanisms, n (%) 0.00%
Penetrating injury, n (%) 1 (1.3) 1 (1.3) 1.0 (0.06–16.29)
Blunt injury, n (%) 75 (98.7) 75 (98.7) 1.0 (0.06–16.29)

ISS, median (IQR) 13 (9–17) 14 (9–17) — 0.987 −0.46%

Outcome measurement

Mortality, n (%) 4 (5.3) 0 (0.0) — 0.043 —

HTN = hypertension; CHF = congestive heart failure; CAD = coronary artery disease; CVA = cerebral vascular
accident; ISS = injury severity score; IQR = interquartile range; DH = diabetic hyperglycemia; NDN =
nondiabetic normoglycemia.



Int. J. Environ. Res. Public Health 2019, 16, 3562 6 of 10

Table 4. The mortality outcome in the matched patient populations with stress-induced hyperglycemia
and diabetic hyperglycemia.

Propensity-Score Matched Cohort
Variables SIH

n = 35
DH

n = 35
Odds Ratio

(95% CI)
p Standardized

Difference

Male, n (%) 24 (68.6) 24 (68.6) 1.0 (0.36–2.74) 1.000 0.00%
Age, years 54.6 ± 14.6 55.1 ± 13.9 — 0.881 −3.60%
Co-morbidities

HTN, n (%) 9 (25.7) 9 (25.7) 1.0 (0.34–2.92) 1.000 0.00%
CAD, n (%) 0 (0.0) 0 (0.0) — — —
CHF, n (%) 0 (0.0) 0 (0.0) — — —
CVA, n (%) 0 (0.0) 0 (0.0) — — —
ESRD, n (%) 0 (0.0) 0 (0.0) — — —

Mechanisms, n (%) 0.00%
Penetrating injury, n (%) 0 (0.0) 0 (0.0) — — —
Blunt injury, n (%) 35 (100) 35 (100) — — —

ISS, median (IQR) 17 (13–20) 17 (10–21) — 0.706 9.06%

Outcome measurement

Mortality, n (%) 4 (11.4) 3 (8.6) 1.4 (0.29–6.66) 0.690 —

HTN = hypertension; CHF = congestive heart failure; CAD = coronary artery disease; CVA = cerebral vascular
accident; ISS = injury severity score; IQR = interquartile range; SIH = stress-induced hyperglycemia; DH =
diabetic hyperglycemia.

4. Discussion

This study revealed that thoracoabdominal injury patients with either SIH or DH had a higher
mortality rate than patients with NDN, with or without adjusting the potential confounders such as
age, sex, preexisting comorbidities, and injury severity. However, the mortality rate of patients with
SIH and DH was significantly different in matched patient populations. This result was in contrary to
the study in the general trauma population by Kerby et al. [29] and our study [30], demonstrating that
compared to patients with NDN, the adjusted mortality rate was significant higher in patients with SIH,
but not in patients with DH. Moreover, this result contradicts our previous report that in the patients
with isolated moderate-to-severe traumatic brain injury, there was a significantly higher adjusted
mortality rate in the propensity score-matched patients with SIH than the patients with DH [31].

The reason why there were higher odds of mortality in DH patients with a thoracoabdominal
injury, but not in those patients with a traumatic brain injury, when compared with the patients
with NDN was unknown and thus requires further investigation. Evidently, the pathophysiological
response of DH is different from that of SIH. DH is a chronic illness associated with prolonged exposure
to hyperglycemia and subsequent microvascular damages [24], while SIH is an acute response that
is initiated by stress hormones and the subsequent release of inflammatory cytokines. Therefore,
diabetic patients are commonly at higher risk of vascular accidents, such as peripheral vascular disease,
cardiovascular problem, cerebrovascular accidents, and renal insufficiency, than patients without
diabetes [37–41]. However, little is known whether these vascular accidents have similar effects on
mortality in patients with DH with thoracoabdominal injuries or traumatic brain injuries. Additionally,
the reasons for the differences in the survival rates and times to mortality of patients with chest trauma
vary widely [42]. In a review of 1661 patients with blunt thoracoabdominal injuries, 6.3% of patients
had a blunt cardiac trauma and 4.6% had a major thoracic vessel injury [10]. The patients with major
trauma to the heart or thoracic vessel may immediately die regardless of their diabetic condition or
glucose level. On the contrary, injures to the majority of the solid organs (kidney, 91.2%; liver, 83.9%;
and spleen, 68.3%) were managed nonoperatively, and there were rare conditions that required a
nonresuscitative thoracotomy or a combined thoracoabdominal operation [10]. A diabetes diagnosis
or glucose levels may be more important in determining the mortality outcome for such patients. The
results of this study imply that among the patients with different types of admission hyperglycemia,
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the risk of mortality may depend upon the trauma mechanisms which are associated with immediate
or delayed mortality of the patients. However, in this study, considering that the mortality rate of the
patients was relatively low and the significant p-value was more marginal (p = 0.043) in patients with
DH than in patients with NDN, the unknown effect of etiology on mortality rate in the presence or
absence of high glucose levels may result in a bias in the outcome measure, albeit the injury severity
being controlled for comparison. Therefore, with additional information about the cause of mortality,
a further prospective study of more enrolled patients by different trauma mechanisms would be
beneficial to evaluate the effect of SIH and DH on the risk of mortality of the patients.

This study had some other limitations. First, Scalea et al. [43] showed that having a blood glucose
level of 100 to 150 mg/dL in critically ill trauma patients significantly reduced mortality rate, while
some studies had revealed that a stricter glucose control protocol did not lower the mortality rate of
the trauma patients with DH [44,45]. Furthermore, in a prospective, randomized controlled study
(NICE-SUGAR) implemented in critically ill patients, the mortality rate was even higher under a
tight glucose control than those under conventional glucose control [46]. Although the tight glucose
control in patients with hyperglycemia has been inconclusive regarding the reduction of morbidity
and mortality rates, as there was no established protocol in treating the admission hyperglycemia, we
could only assume that there was a similar management and treatment of these patients. Accordingly,
we could only assume that the surgical outcome of patients requiring a thoracotomy or laparotomy
by different surgeons is similar. Thirdly, the selection bias with potential unrecognized confounding
factors in the retrospective study may be observed. Fourthly, considering that patients declared dead
at the scene of an accident or upon arrival to the hospital were not included in the registered trauma
database, a selection bias may exist in assessing the mortality outcome.

5. Conclusions

This study revealed that thoracoabdominal injury patients with admission hyperglycemia, either
SIH or DH, had higher mortality rates than patients with NDN, in the presence or absence of controlling
the baseline differences in patients’ age, sex, comorbidities, and injury severity. This result contradicts
our previous report that SIH, but not DH, had higher odds of mortality in the patients with isolated
moderate-to-severe traumatic brain injuries. The results of this study also implied that in trauma
patients with different types of admission hyperglycemia, the risk of mortality may depend on the
trauma mechanisms which are associated with different causes of mortality.
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Abstract: Traumatic subarachnoid hemorrhage (SAH) is the second most frequent intracranial
hemorrhage and a common radiologic finding in computed tomography. This study aimed to
estimate the risk of mortality in adult trauma patients with traumatic SAH concurrent with other
types of intracranial hemorrhage, such as subdural hematoma (SDH), epidural hematoma (EDH),
and intracerebral hemorrhage (ICH), compared to the risk in patients with isolated traumatic SAH.
We searched our hospital’s trauma database from 1 January, 2009 to 31 December, 2018 to identify
hospitalized adult patients ≥20 years old who presented with a trauma abbreviated injury scale
(AIS) of ≥3 in the head region. Polytrauma patients with an AIS of ≥3 in any other region of the
body were excluded. A total of 1856 patients who had SAH were allocated into four exclusive
groups: (Group I) isolated traumatic SAH, n = 788; (Group II) SAH and one diagnosis, n = 509;
(Group III) SAH and two diagnoses, n = 493; and (Group IV) SAH and three diagnoses, n = 66.
One, two, and three diagnoses indicated occurrences of one, two, or three other types of intracranial
hemorrhage (SDH, EDH, or ICH). The adjusted odds ratio with a 95% confidence interval (CI) of the
level of mortality was calculated with logistic regression, controlling for sex, age, and pre-existing
comorbidities. Patients with isolated traumatic SAH had a lower rate of mortality (1.8%) compared
to the other three groups (Group II: 7.9%, Group III: 12.4%, and Group IV: 27.3%, all p < 0.001).
When controlling for sex, age, and pre-existing comorbidities, we found that Group II, Group III, and
Group IV patients had a 4.0 (95% CI 2.4–6.5), 8.9 (95% CI 4.8–16.5), and 21.1 (95% CI 9.4–47.7) times
higher adjusted odds ratio for mortality, respectively, than the patients with isolated traumatic SAH.
In this study, we demonstrated that compared to patients with isolated traumatic SAH, traumatic
SAH patients with concurrent types of intracranial hemorrhage have a higher adjusted odds ratio
for mortality.
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1. Introduction

Traumatic brain injury (TBI) is a leading cause of death in trauma patients. In patients with TBI, the
traumatic subarachnoid hemorrhage (SAH) is the second-most frequent intracranial hemorrhage [1] and
a common radiologic finding on computed tomography (CT) [2]. It is estimated that in patients with
moderate or severe TBI, 33–60% have traumatic SAH [3–6]. Furthermore, the diagnosis of traumatic SAH
continues to increase with the improved resolution of newer-generation CT scan machines [7].

The actual death rate and the requirement for neurosurgical intervention in SAH cases is
significantly lower than in cases of non-SAH intracranial hemorrhages [8]. In addition, the outcome is
good for patients with isolated traumatic SAH, which is defined as the exclusive presence of SAH without
any other traumatic, radiographic intracranial pathology in the trauma patient. In isolated traumatic
SAH patients with mild TBI and a Glasgow Coma Scale (GCS) score ≥13, neurologic deterioration
or a requirement for neurosurgical intervention was rarely reported [2,9–12]. A meta-analysis study
revealed that in patients with isolated trauma SAH, the cumulative incidences of radiographic
progression were 5.76% (95% confidence interval [CI] 1.18–12.9%) and the incidences of neurosurgical
procedures were 0.0017% (95% CI 0–0.39%) [13]. Furthermore, the meta-analysis of eight studies,
which included a total of 873 isolated traumatic SAH patients, reported a mortality rate ranging from
0–2.5% [13]. Some studies advocated that the presence of isolated traumatic SAH does not warrant
repeat CT imaging, admission into the ICU, or a transfer to a tertiary referral center [2,14–16].

In contrast to the good prognosis for patients with isolated traumatic SAH, the outcome is less
positive for patients who have traumatic SAH in the presence of other intracranial hemorrhages [13,17].
Traumatic SAH indicates the existence of greater mechanical forces and intracranial deformation
during the initial injury [18]. The presence of traumatic SAH in cerebral contusion is an independent
predictor for the progression of hematoma [19–21]. In 20% of patients with severe TBI, symptomatic
cerebral vasospasm may develop together with traumatic SAH [22,23]. However, the mortality odds
for patients with other concurrent intracranial hemorrhages have been explored less in the literature
than those for isolated traumatic SAH. Therefore, by controlling for baseline differences in patient
characteristics such as sex, age, and pre-existing comorbidities, this study aimed to estimate the risk
of mortality in adult trauma patients with traumatic SAH and concurrent intracranial hemorrhages
compared to the risk in patients with isolated traumatic SAH.

2. Materials and Methods

2.1. Ethics Statement

This study was approved by the institutional review board (IRB) of the Kaohsiung Chang Gung
Memorial Hospital, a level I trauma center in southern Taiwan (approval number 201901261B0).
Given that this is a retrospective study using the registered trauma database of the hospital [24–26],
the requirement for obtaining informed consent from the patients was waived.

2.2. Study Population

We searched the 10-year span between 1 January, 2009 and 31 December, 2018 in the registered
trauma database to identify hospitalized adult patients ≥20 years old who presented with a trauma
abbreviated injury scale (AIS) of ≥3 in the head region. To avoid the effect of fatal injuries to other
body regions as confounding factors on the assessment of mortality, we excluded polytrauma patients
with an AIS of ≥3 in any other region of the body [27]. The enrolled patients were identified using
the diagnostic injury codes 852.0 and 852.1 (traumatic subarachnoid hemorrhage), 852.2 and 852.3
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(subdural hematoma), 852.4 and 852.5 (epidural hematoma), and 853 (intracerebral hemorrhage),
from the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM), and those
patients without acute traumatic SAH and without brain hemorrhage were not included in this study.
Thus, the included patients (Figure 1) were allocated into four groups: (1) isolated traumatic SAH, (2)
SAH and one diagnosis, (3) SAH and two diagnoses, and (4) SAH and three diagnoses. One diagnosis
indicated an occurrence of one other type of intracranial hemorrhage, such as subdural hematoma (SDH),
epidural hematoma (EDH), or intracerebral hemorrhage (ICH); two and three diagnoses indicated
occurrences of two or three other types of intracranial hemorrhage, respectively. The retrieved patient
information included sex; age; comorbidities including hypertension (HTN), diabetes mellitus (DM),
coronary artery disease (CAD), congestive heart failure (CHF), cerebral vascular accident (CVA),
and end-stage renal disease (ESRD); Glasgow Coma Scale; injury severity score (ISS); length of stay
(LOS) in hospital; and in-hospital mortality. The comorbidities of the patients were validated and
recorded in the registered trauma database during the time of hospitalization. The in-hospital mortality
by all causes (e.g., direct effect from the intracranial hemorrhage or associated morbidities like multiple
organs failure, shock, sepsis, acute respiratory distress, pneumonia, and renal failure) was recorded in
the registered trauma database during the time of hospitalization. In the registered trauma database,
the patients who were declared dead at the scene of the accident were not recorded as in-hospital
mortalities and no information regarding one-month or one-year mortality was collected. For fatal
patients, the length of stay in hospital ended in the event of death. Those subjects with incomplete
registered data were excluded from the study.
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Figure 1. Flow chart illustrating the inclusion of adult patients with acute traumatic subarachnoid
hemorrhage and the allocation of these patients into four groups. AIS—abbreviated injury scale,
Dx—diagnosis, and SAH—subarachnoid hemorrhage. One, two, and three diagnoses indicated
occurrences of one, two, or three other types of intracranial hemorrhage (subdural hematoma,
epidural hematoma, or intracerebral hemorrhage).

2.3. Statistical Analysis

The statistical analysis was performed using SPSS 23.0 Windows software (IBM Corp., Armonk,
NY, USA). The homogeneity of variance of the continuous variables was first assessed using Levene’s
test, followed by a one-way analysis of variance (ANOVA) with a Games–Howell posthoc test,
which was used to evaluate the differences among the allocated groups of patients. We expressed the
continuous data in mean ± standard deviation, while presenting the GCS and ISS as a median and
interquartile range (IQR, Q1–Q3), respectively. The in-hospital mortality of patients was defined as
the primary outcome of this study. The odds ratios (ORs) of mortality were calculated with a 95%
confidence interval. The adjusted odds ratio (AOR) of mortality was calculated with logistic regression,
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controlling for sex, age, and pre-existing comorbidities. The difference was considered significant
when a p value of <0.05 was obtained.

3. Results

3.1. Characteristics of the Patients

In this study, we identified a total of 4238 adult trauma patients with a traumatic brain injury
and an AIS of ≥3 in the head region and <3 in other body regions. After excluding those without
SAH (n = 2382) and those with incomplete registered data (n = 0), 1856 patients with SAH were
allocated into four exclusive groups: (Group I) isolated traumatic SAH, n = 788; (Group II) SAH
and one diagnosis, n = 509; (Group III) SAH and two diagnoses, n = 493; and (Group IV) SAH
and three diagnoses, n = 66. In addition, among the 4238 patients, 3507 had at least one type of
intracranial hemorrhage such as SAH, EDH, SDH, or ICH (Figure 2). Among the types of intracranial
hemorrhages, SDH (67.7%) and SAH (52.9%) presented as the first and second most frequently
encountered intracranial hemorrhages, respectively.
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Figure 2. The allocation of adult patients with acute traumatic subarachnoid hemorrhage into four groups:
SAH, epidural hematoma (EDH), subdural hematoma (SDH), and intracerebral hemorrhage (ICH).

As shown in Table 1, compared with the other groups of patients, there were significantly fewer
female patients in the isolated traumatic SAH group (Group I) and these patients were significantly
younger. Regarding pre-existing comorbidities, the prevalence of pre-existing HTN, DM, and CVA was
significantly different among these groups. Compared to Group I patients, there were significantly
more patients in Group III who had HTN and DM. The group of patients with isolated traumatic SAH
had a significantly higher GCS score (median [Q1–Q3]: 15 [14,15]) than the other three groups (Group II:
14 [10–15], Group III: 13 [7–15], and Group IV: 8 [4–14]), as well as a smaller percentage of patients with a
GCS score of ≤ 8 and a greater percentage of patients with a GCS score of ≥13. In addition, the group of
patients with isolated traumatic SAH had a significantly lower ISS (median [Q1–Q3]: 11 [9–14]) than the
other three groups (Group II: 16 [16–20], Group III: 17 [16–24], and Group IV: 21 [16–25]) and presented
with a greater percentage of patients with a ISS of <16 and a smaller percentage of patients with a ISS
between 16–24 and ≥25. The group of patients with isolated traumatic SAH received a significantly
lower rate of craniotomy (4.4%) than the other three groups (Group II: 17.3%, Group III: 33.3%, and
Group IV: 36.4%)
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Table 1. Characteristics and outcomes of adult patients who sustained a traumatic subarachnoid hemorrhage.

Variables Group I (Isolated SAH)
n = 788

Group II (SAH + one
Dx) N = 509

Group III (SAH + two
Dx) n = 493

Group IV (SAH + three
Dx) n = 66 p

Sex, n (%) <0.001
Male 401 (50.9) 318 (62.5) * 359 (72.8) * 53 (80.3) *

Female 387 (49.1) 191 (37.5) * 134 (27.2) * 13 (19.7) *
Age (years) 55.4 ±18.5 59.6 ±18.4 * 49.0 ±19.4 * 52.6 ±18.9 <0.001

Comorbidities, n
(%)

HTN 236 (29.9) 182 (35.8) 114 (23.1) * 12 (18.2) <0.001
DM 130 (16.5) 102 (20.0) 48 (9.7) * 6 (9.1) <0.001

CAD 28 (3.6) 30 (5.9) 21 (4.3) 3 (4.5) 0.256
CHF 10 (1.3) 6 (1.2) 2 (0.4) 0 (0.0) 0.356
CVA 39 (4.9) 34 (6.4) 16 (3.2) 1 (1.5) 0.045
ESRD 8 (1.0) 14 (2.8) 9 (1.8) 0 (0.0) 0.076

GCS, median (IQR) 15 (14–15) 14 (10–15) * 13 (7–15) * 8 (4–14) * <0.001
1–8, n (%) 77 (9.9) 110 (21.6) * 149 (30.2) * 37 (56.1) * <0.001

9–12 74 (9.4) 71 (13.9) 73 (14.8) * 8 (12.1) 0.015
≥13, n (%) 637 (80.8) 328 (64.4) * 271 (55.0) * 21 (31.8) * <0.001

ISS, median (IQR) 11 (9–14) 16 (16–20) * 17 (16–24) * 21 (16–25) * <0.001
<16, n (%) 595 (75.5) 90 (17.7) * 66 (13.4) * 5 (7.6) * <0.001

16–24, n (%) 173 (22.0) 363 (71.3) * 331 (67.1) * 37 (56.1) * <0.001
≥25, n (%) 20 (2.5) 56 (11.0) * 96 (19.5) * 24 (36.4) * <0.001

Craniotomy, n (%) 35 (4.4) 88 (17.3) * 164 (33.3) * 24 (36.4) * <0.001
Hospital LOS (days) 8.6 ±9.3 12.7 ±13.1 * 13.7 ±13.2 * 15.9 ±14.3 * <0.001

Mortality, n (%) 14 (1.8) 40 (7.9) * 61 (12.4) * 18 (27.3) * <0.001
Mortality OR - 4.7 (2.5–8.8) 7.8 (4.3–14.1) 20.7 (9.7–44.2) <0.001

Mortality AOR - 4.0 (2.4–6.5) 8.9 (4.8–16.5) 21.1 (9.4–47.7) <0.001

One diagnosis indicated an occurrence of one other type of intracranial hemorrhage (SDH, EDH, or ICH); two and three diagnoses indicated occurrences of two or three other types of
other intracranial hemorrhages, respectively. 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, IQR—interquartile range, ISS—injury severity score, LOS—length of stay, OR = odds ratio,
and * indicates significant difference vs. Group I.
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3.2. Patient Outcome

The hospital LOS (8.6 days) of the patients with isolated traumatic SAH was significantly shorter
than the LOS of the other three groups (Group II: 12.7 days, Group III: 13.7 days, and Group IV: 15.9 days,
all p < 0.001). Patients with isolated traumatic SAH had a lower rate of mortality (1.8%) compared to the
other three groups (Group II: 7.9%, Group III: 12.4%, and Group IV: 27.3%, all p < 0.001). Therefore, the
odds ratio for mortality for the patients in Group II, Group III, and Group IV was 4.7 (95% CI 2.5–8.8),
7.8 (95% CI 4.3–14.1), and 20.7 (95% CI 9.7–44.2) times higher, respectively, than it was for the patients
with isolated traumatic SAH. In addition, Group III patients had a significantly higher odds ratio for
mortality (OR 1.7, 95% CI 1.1–2.5, p = 0.018) than the Group II patients, and the Group IV patients had
a significantly higher odds ratio for mortality (OR 2.7, 95% CI 1.5–4.5, p = 0.001) than the Group III
patients. Notably, no mortality was found in isolated traumatic SAH patients with mild TBI (GCS ≥13).
After adjusting for sex, age, and pre-existing comorbidities, the results were similar. The adjusted
odds ratio for mortality for patients in Group II, Group III, and Group IV was 4.0 (95% CI 2.4–6.5),
8.9 (95% CI 4.8–16.5), and 21.1 (95% CI 9.4–47.7)-times higher, respectively, than it was for the patients
with isolated traumatic SAH. In addition, Group III patients had a significantly higher adjusted odds
ratio for mortality (AOR 2, 95% CI 1.2–3.0, p = 0.004) than the Group II patients. Group IV patients
had a significantly higher odds ratio for mortality (AOR 2.6, 95% CI 1.4–4.8, p = 0.003) than the Group
III patients.

4. Discussion

In this study, we found that in the presence of traumatic SAH, there is a higher mortality rate in
patients with concurrent diagnoses of other intracranial hemorrhages. When gender and pre-existing
comorbidities were considered, the adjusted odds ratio of mortality for the patients in Group II,
Group III, and Group IV was approximately 4, 9, and 21 times higher, respectively, than it was for
the patients with an isolated traumatic SAH. In addition, the LOS in the hospital for patients with
isolated SAH was significantly longer when these patients had a concurrent diagnosis of another
intracranial hemorrhage.

Due to the unpredictable clinical course and the different associated severities of illness, caring for
patients with traumatic SAH presents unique challenges [28]. Traumatic SAH-induced vasospasm,
hydrocephalus, and pituitary or hypothalamic dysfunction may be causes of poor outcomes in these
patients [6,21,29,30]. As shown in this study, the presence of subarachnoid blood associated with
another type of intracranial hemorrhage indicates a poor outcome. Therefore, patients who have
traumatic SAH often receive intensive care in the ICU. Even for patients with mild TBI who have
isolated traumatic SAH, admission into the ICU is frequent despite the low probability of neurosurgical
intervention [31]. Nonetheless, some studies have suggested that critical care admission for patients
with isolated traumatic SAH may not always be indicated [32–34]. In a study of 14,146 patients with
isolated traumatic SAH from 215 trauma centers, a total of 6313 subjects (constituting 44.6% of subjects)
were admitted to the ICU for critical care [31]; however, neurosurgical intervention for these patients
was only 0.24% (34/14,146), with craniotomies in 27 patients and craniectomies for 2 patients [31].
In this study, patients with isolated traumatic SAH had a lower rate of mortality (1.8%) but no mortality
was found in patients with mild TBI (GCS ≥ 13). Accordingly, considering that the process of transfer is
costly and may lead to the saturation of tertiary care centers with neurosurgical capabilities, we agree
with the recommended protocol, which suggests that for a patient with isolated traumatic SAH and a
GCS score of 15, the transfer for neurosurgical consultation may be omitted [13,35].

There were some limitations to this study. First, this review is limited by the lack of randomized,
controlled trials and the paucity of prospective studies. A selection bias may be encountered in the
design of the retrospective analysis in this study. Second, considering that the registered trauma
database excluded patients that were declared dead at the scene of the accident and only included
in-hospital mortalities, and no information regarding one-month or one-year mortalities was included,
a selection bias may exist in the assessment of mortality rate. Third, a bias may be caused by the fact that



Int. J. Environ. Res. Public Health 2019, 16, 4787 7 of 9

we did not account for the amount of blood resulting from SAH, considering that a multivariate analysis
showed that the maximum thickness (mm) of traumatic SAH was independently associated with
mortality [17]. The lack of thickness, and the size, of EDH, SDH, and ICH also comprised limitations
in the analysis of the outcome. Furthermore, the coagulopathy status of the patients was unexplored in
this study and the lack of such information may present as a confounding factor in the outcome measure.
In addition, the lack of information regarding cognitive disorders, atrial fibrillation, and warfarin
treatment presents as a limitation of this study, since these factors may comprise confounding factors in
the outcome analysis [36]. Lastly, the indications and results of surgical interventions for these patients
were not considered in this study, and we can only assume that the operations for these patients did
not result in a difference in patient management. However, considering that a craniotomy can have a
beneficial effect on a patient’s outcome, the estimate of mortality risk would have been higher for those
traumatic SAH patients with more concurrent types of intracranial hemorrhage if no operation had
been performed.

5. Conclusions

In this study, we demonstrated that compared to patients with an isolated traumatic SAH,
patients with traumatic SAH and concurrent types of intracranial hemorrhage have a higher adjusted
odds ratio of mortality.
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Introduction. 0e purpose of this study was to examine the capacity of commonly used trauma scoring systems such as the
Glasgow Coma Scale (GCS), Injury Severity Score (ISS), and Revised Trauma Score (RTS) to predict outcomes in young children
with traumatic injuries. Methods. 0is retrospective study was conducted for the period from 2009 to 2016 in Kaohsiung Chang
Gung Memorial Medical Hospital, a level I trauma center. We included all children under the age of 6 years admitted to the
hospital via the emergency department with any traumatic injury and compared the trauma scores of GCS, ISS, and RTS on
patients’ outcome.0e primary outcomes were mortality and prolonged Intensive Care Unit (ICU) stay, with the latter defined as
an ICU stay longer than 14 days.0e secondary outcome was the hospital length of stay (HLOS). Receiver operating characteristic
(ROC) analysis was also adopted with the value of the area under the ROC curve (AUC) for comparing trauma score prediction
with patient mortality. Cutoff values from each trauma score formortality prediction were also measured by determining the point
along the ROC curve where Youden’s index was maximum. Results. We included a total of 938 patients in this study, with a mean
age of 3.1± 1.82 years. 0e mortality rate was 0.9%, and 93 (9.9%) patients had a prolonged ICU stay. An elevated ISS (34 ± 19.9
vs. 5 ± 5.1, p � 0.004), lower GCS (8 ± 5.0 vs. 15 ± 1.3, p � 0.006), and lower RTS (5.58 ± 1.498 vs. 7.64 ± 0.640, p � 0.006)
were all associated with mortality. All three scores were considered to be independent risk factors of mortality and prolonged ICU
stay and had a linear correlation with increased HLOS. With regard to predicting mortality, ISS has the highest AUC value (ISS:
0.975; GCS: 0.864; and RTS: 0.899).0e prediction cutoff values of ISS, GCS, and RTS onmortality were 15, 11, and 7, respectively.
Conclusion. Regarding traumatic injuries in young children, worse ISS, GCS, and RTS were all associated with increased mortality,
prolonged ICU stay, and longer hospital LOS. Of these scoring systems, ISS was the best at predicting mortality.
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1. Introduction

Trauma is considered a big threat to childhood survival.
0e National Center for Health Statistics in the United
States has indicated that unintentional injury is the leading
cause of death and disability in children [1]. Managing
pediatric trauma events at the emergency department (ED)
is often a challenge because children have less fat and more
elastic connective tissue covering a flexible skeleton that
protects packed abdominal and thoracic structures [2]. As
a result, the impact and causes of trauma can vary con-
siderably among different age groups. 0e anatomical,
physiological, and emotional differences between adults
and children imply that children are not just adults on a
smaller scale [3].

In the past, most studies related to trauma assessment
have investigated pediatric patients with ages ranging from
about 0–18 years [4, 5]. Nevertheless, age-based studies
focused on younger victims have not been common.
Managing traumatic injury in young children is different
from adults as children’s compensatory responses to large
numbers of blood loss, hypoxia, severe trauma, and burns
differ significantly [6]. Furthermore, young patients often do
not have enough vocabulary, resulting in limited expression,
especially for children under two years of age [7, 8]. Young
children also have difficulty in accurately expressing their
feelings when a medical history is taken and are often ir-
ritated and crying upon arriving at the hospital due to pain
or fright. 0erefore, trauma scores related to vital signs and
physical examinations are more objective and accessible [9].
Obtaining trauma scores earlier allows critical intervention.
In this study, we aimed to investigate several commonly used
traumatic scores on the outcomes of young children, in-
cluding mortality, prolonged ICU stay, and hospital length
of stay (HLOS).

2. Materials and Methods

2.1. Trauma Scores Selection. Various quantitative scoring
systems have been proposed to evaluate trauma severity and
outcome, but most of them were not age specific, and each
had its own limitations [10–13]. Considering the different
physiological structures in younger children, we selected the
Injury Severity Score (ISS), which emphasizes anatomic
criteria and has been validated to predict prognosis [14]. In
previous studies, major trauma in the pediatric category has
been defined as an Injury Severity Score greater than 15
[15, 16]. However, few studies have focused on ISS per-
formance in young children [17]. Despite a number of
proposed modifications and alternate scoring systems, ISS
remains the most widely used to define severely injured
patients, which is why we chose it [16, 18, 19].

0e Glasgow Coma Scale (GCS) indicates level of
consciousness and has always been evaluated upon patient
arrival. 0is scale has been frequently used for decades as
blunt head trauma is a common cause of mortality and
morbidity in pediatric injuries [20–23]. Since head injury is
one of the most common traumatic mechanisms in young
children, GCS is also appropriate for our study’s main group.

0e Revised Trauma Score (RTS) is used in prehospital
practices worldwide, can be obtained immediately, and
includes the GCS, systolic blood pressure, and respiratory
rate. 0e formula for calculating RTS is as follows: RTS �

0.7326∗ systolic blood pressure + 0.2908∗ respiratory rate +

0.9368∗GCS [24].

2.2. Study Population and Design. 0is retrospective study
was conducted from January 1, 2009, to December 31, 2016,
in Kaohsiung Chang Gung Memorial Medical Hospital, a
level I trauma center in southern Taiwan. 0e Institutional
Review Board of the Chang Gung Medical Foundation
approved the medical information, and all patients’ and
physicians’ records and information were anonymized and
deidentified prior to analysis (IRB number: 201801721B0).
Additional detailed information of all trauma patients was
retrieved from the studied institution’s trauma registry
system, including age, gender, initial vital signs, cause of
injury, different types of trauma severity scores, hospital
length of stay (LOS), intensive care unit (ICU) stay, and
mortality.

0is study consisted of children under the age of 6 years
with any type of traumatic injury who were admitted to the
hospital via the ED. Patients with a pre-existing medical
condition that contributed to the trauma incident and who
died in the ED were excluded. We used vital signs and GCSs
at triage for scoring, comparing the accuracy of the GCS, ISS,
and RTS trauma scores on predicting patients’ outcome.
Initial triage and vital signs were obtained by senior and
well-trained emergency nurses, and child-version sphyg-
momanometer was used for young children. ISS was mea-
sured by the trauma physicians in charge in the ED.

0e primary outcomes were trauma-related mortality
during admission and prolonged ICU stay, which was de-
fined as an ICU stay longer than 14 days. Prolonged ICU stay
is usually defined as ≥14 days admission in the ICU, which
has been considered with resource utilization and patients’
morbidity and mortality [25–29]. 0e HLOS was considered
as the secondary outcome in patients who survived beyond
admission. Patients who expired before admission were
excluded from prolonged ICU stay and HLOS analysis.

2.3. Statistical Analysis. Trauma scores’ contribution to
outcomes including mortality and prolonged ICU stay was
analyzed by Student’s t-test and validated using binary re-
gression after adjusting for age, gender, and cause of injury.
Linear regression was used to observe the correlation be-
tween trauma scores and HLOS.

We further drew the receiver operating characteristic
(ROC) curve and calculated the value of the area under the
ROC curve (AUC) to compare trauma scores prediction
with patient mortality. Cutoff values from each trauma score
for mortality prediction were also measured by determining
the point along the ROC curve where Youden’s index was
maximum [30].0e capability of trauma scores in predicting
the mortality and prolonged ICU stay was calculated using
the Chi-squared test. All statistical analysis was conducted
with SPSS (version 22).
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3. Results

0is study consisted of a total of 938 patients, with a mean
age of 3.1± 1.82 years. 0e overall mortality rate was 0.9%.
0e rate of ICU stay was 41.7% (N � 391), with a mean ICU
stay of 10.2± 7.83 days. Regarding the cause of trauma,
injury from fall, traffic accident, and burn injury accounted
for 86.7% of all admitting injuries. 0e average trauma
scores of ISS, GCS, and RTS in the general population were
4.9± 6.0, 14.7± 1.4, and 7.62± 0.68, respectively (Table 1).
We excluded 25 patients from RTS and outcome analysis
since their initial blood pressure had not been obtained.

Table 2 shows the trauma scores between patients of both
the mortality and survival groups compared with student’s t-
test. 0e ISS score was statistically higher in the mortality
group (34 ± 19.9 vs. 5 ± 5.1, p � 0.004), while GCS
(8 ± 5.0 vs. 15 ± 1.3, p � 0.006) and RTS (5.58 ± 1.498 vs.
7.64 ± 0.640, p � 0.006) scores were lower. When com-
paring different trauma scores with prolonged ICU stay,
only RTS demonstrated a significant difference between the
two studied groups (7.34 ± 1.019 vs. 7.67 ± 0.577;
p � 0.004) (Table 2).

As shown in Table 3, the logistic regression regarding
trauma scores’ in association with primary and secondary
outcomes is displayed. ISS (aOR: 1.17, 95% CI: 1.091–1.225),
GCS (aOR: 0.59, 95% CI: 0.492–0.714), and RTS (aOR: 0.19,
95% CI: 0.094–0.373) were all considered to be independent
risk factors of mortality and prolonged ICU stay. In addition,
younger age and burn injury were also risk factors for
prolonged ICU stay. All three trauma scores’ changes had a
positive effect on HLOS, and these effects were found to be
statistically significant (Table 3).

Figure 1 shows the ROC curves of different trauma
scores related to outcomes. Upon calculating the AUC value
(Table 4), all trauma scores revealed acceptable prediction
ability for mortality (ISS: 0.975, 95%CI: 0.940∼1; GCS: 0.864,
95% CI: 0.682∼1; RTS: 0.899, 95% CI: 0.759∼1) but not for
prolonged ICU stay (ISS: 0.502, 95% CI: 0.384∼0.513; GCS:
0.426, 95% CI: 0.447∼0.572; RTS: 0.578, 95% CI:
0.520∼0.653). We further measured the cutoff value for
mortality prediction of each trauma score according to the
ROC curves, which were found to be 15 for ISS, 11 for GCS,
and 7 for RTS.

0e evaluation of each trauma score’s cutoff value re-
garding mortality is provided in Table 5. Using ISS ≥ 15 as
the cutoff value for predicting mortality, its positive pre-
dictive value (PPV) was 11.1%, while its negative predictive
value (NPV) was 99.9% (p< 0.001, OR� 109.25). Mean-
while, GCS ≤ 11 had a PPV of 23.1% and NPV of 99.8% for
predicting mortality (p< 0.001, OR� 136.50). Finally, using
RTS ≤ 7 as a predictor for mortality resulted with a PPV of
9.9% and NPV of 99.9% (p< 0.001, OR� 94.72).

4. Discussion

In this study, we included all patients admitted to the trauma
center younger than the age of 6 years, with a mean age of 3.1
years and an overall mortality rate of 0.9%. As in previous
studies, the mortality rate of pediatric trauma was

approximately 2% [31, 32]. 0e three most common causes
of trauma in this study were, in order, injury from fall, traffic
accident, and burn injury. Adegoke et al. reported similar
findings, while Derakhshanfar et al. reported traffic accidents
to be the most common cause, followed by fall injuries
[33–35].

0e trauma score systems selected in this study were ISS,
GCS, and RTS since their values were easy to obtain and
calculate. Furthermore, consciousness level is the main
domain of these trauma scores since brain injury is the
primary cause of mortality and morbidity in pediatric in-
juries [36]. 0e average trauma scores of ISS, GCS, and RTS
in our studied population were 4.9, 14.7, and 7.62, re-
spectively. In contrast, the average trauma scores were 34, 8,
and 5.58 among patients who died. In previous studies, these
trauma scores in survivor and mortality populations have
traditionally varied. Yousefzadeh Chabok et al. demon-
strated an ISS of 6.5 overall and 17.7 in the mortality group,
with GCS scores of 4.7 in the mortality group and 14.6 in the
survivor group [32]. Soni et al. showed RTS scores of 7.13 in
trauma survivors and 4.39 in nonsurvivors, with ISS scores
of 11.68 in the mortality group and 11.87 in the survivor
group [37]. In our study, all trauma scores differed with
statistical significance between the survivor and mortality
groups.

After adjusting for gender, age, and traumatic mech-
anism using binary regression, lower GCS and RTS levels
still appeared to be associated with increased mortality and
prolonged ICU stay. Increased ISS scores also have a
positive effect on higher mortality and prolonged ICU stay
rates, though the latter did not demonstrate statistical
difference.

As for secondary outcomes, all three trauma scores
demonstrated a linear correlation with hospital length of stay
after adjusting for age, gender, and trauma mechanism

Table 1: Epidemiology of trauma patients under the age of six years
admitted via the pediatric emergency department.

Variables Number
(%)/mean ± SD

Total 938 (100%)
Age (years) 3.1 ± 1.82

BMI 16.6 ± 4.40
Gender Male 554 (59.1%)

Cause of injury

Injury from fall 329 (35.1%)
Traffic accident 134 (14.3%)
Burn injury 351 (37.4%)

Blunt/crushing injury 71 (7.6%)
Other 53 (5.7%)

Outcome

Mortality 8 (0.9%)
ICU admission 391 (41.7%)

Prolonged ICU stay 93 (9.9%)
Length of ICU stay (days) 10.2 ± 7.83

Length of hospital stay (days) 6.9 ± 7.69

Trauma score
ISS 4.9 ± 6.0
GCS 14.7 ± 1.4
RTS 7.62 ± 0.68

BMI� body mass index; ICU� intensive care unit; ISS� Injury Severity
Score; GCS�Glasgow Coma Scale; RTS�Revised Trauma Score.
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(Table 4).0is result was similar to a previous study in China
that showed that increased ISS and decreased RTS were
correlated with an increased length of hospital stay [38].

Regarding mortality prediction, ROC curve analysis
indicated that all three scoring systems were statistically
significant (Table 4). While some previous studies demon-
strated that GCS can better predict mortality [32, 39], in our
study, although the difference was small, we showed ISS to
be the strongest predictor of mortality. However, none of the
three trauma scoring systems could predict prolonged ICU
stays with significance.

0e cutoff values selected from the ROC analysis of ISS,
GCS, and RTS were 15, 11, and 7, respectively. A similar
cutoff value for ISS was reported in a previous study by
Yousefzadeh Chabok et al. [38]. Both the sensitivity and
specificity for mortality prediction regarding the selected
cutoff values from each trauma score system were high
(Table 5). However, all the selected cutoff values had much
higher NPV than PPV on mortality prediction, which
suggests that the cutoff values of all three trauma score
systems were better at predicting survival than mortality.

5. Limitations

0is study has certain limitations. 0is retrospective study
was conducted in a single medical center, which may limit
the generalizability of the conclusions. All possible con-
founding factors were unmodifiable, and a cause-and-effect
relationship could not be determined. 0e assessment of
trauma scores was performed by different trained medical
personnel throughout the study period, which may have led
to interpersonal bias.

Furthermore, the overall mortality rate of our study was
0.9% among the 938 patients, which was less than our
reference in previous literature, and the accuracy in using
trauma scoring systemsmay differ. Moreover, since the most
traumatic mechanism in our study was burn injuries, an ISS
may be falsely elevated when a patient has minor burns on
various body parts. In contrast, the severity of burn injuries
may be underestimated by trauma scoring systems in a
patient with severe, widespread cutaneous burns.

Despite these limitations, the results from this study can
help distinguish low-risk patients for mortality and

Table 2: Comparison of trauma scores in different groups of mortality and prolonged ICU stay.

Trauma score Mortality Survival p-value ICU stay ≥ 14 days ICU stay < 14 days p-value
Mean ± SD Mean ± SD

ISS 34 ± 19.9 5 ± 5.1 0.004 4 ± 5.0 5 ± 5.1 0.237
GCS 8 ± 5.0 15 ± 1.3 0.006 15 ± 1.8 15 ± 1.2 0.415
RTS 5.58 ± 1.498 7.64 ± 0.640 0.006 7.34 ± 1.019 7.67 ± 0.577 0.004
SD� standard deviation; ISS� Injury Severity Score; GCS�Glasgow Coma Scale; RTS�Revised Trauma Score.

Table 3: Logistic regression for trauma score to mortality, prolonged ICU stay, and hospital length of stay (after adjusting for age, gender,
and cause of injury).

Variables aOR 95% CI aOR 95% CI β coefficient 95% CI
Mortality Prolonged ICU stay Hospital length of stay

Age 0.983 0.609–1.625 0.809∗ 0.707–0.925 − 0.602∗ − 0.849∼− 0.355
Male 3.293 0.353–30.594 1.021 0.651–1.602 − 0.426 − 1.311∼0.459
Injury from fall 1.239 0.188–8.148 0.079∗ 0.029–0.218 − 6.099∗ − 7.016∼− 5.183
Traffic accident 3.393 0.453–25.155 0.122∗ 0.029–0.516 − 1.511∗ − 2.911∼− 0.111
Burn injury 0.092 0.001–14.410 18.199∗ 8.931–37.085 8.609∗ 7.701∼9.516
Blunt/crushing injury — — 0.526 0.186–1.491 − 1.317 − 3.049∼0.414
Others — — 0.532 0.161–1.752 − 1.032 − 3.015∼0.952
ISS 1.17 1.091–1.225 1.034 1.004–1.063 0.315 0.224∼0.401
Age 1.164 0.726–1.865 0.818 0.715–0.936 − 0.536∗ − 0.792∼− 0.280
Male 1.053 0.194–5.727 0.99 0.631–1.552 − 0.437 − 1.353∼0.479
Injury from fall 0.550 0.084–3.614 0.081∗ 0.029–0.225 − 5.497∗ − 6.434∼− 4.559
Traffic accident 3.788 0.719–19.949 0.005∗ 0.029–0.525 − 0.505 − 1.890∼0.879
Burn injury 1.062 0.142–7.939 15.92∗ 8.046–31.500 7.198∗ 6.625∼8.130
Blunt/crushing injury 0 — 0.497 0.174–1.420 − 1.682 − 3.438∼0.074
Others 0 — 0.526 0.160–1.733 − 1.441 − 3.451∼0.569
GCS 0.59 0.492–0.714 0.82 0.692–0.970 − 0.783 − 1.174∼− 0.393
Age 1.334 0.857–2.076 0.853 0.744–0.977 − 0.406 − 0.663∼− 0.149
Male 1.134 0.225–5.719 1.041 0.661–1.639 − 0.317 − 1.222∼0.589
Injury from fall 1.159 0.194–6.922 0.085∗ 0.031–0.234 − 5.287 − 6.217∼4.356
Traffic accident 8.822∗ 1.662–46.835 0.131∗ 0.031–0.547 − 0.357 − 1.713∼0.999
Burn injury 0.143 0.019–1.078 12.591∗ 6.675–23.749 6.703 5.775∼7.631
Blunt/crushing injury 0 — 0.531 0.186–1.518 − 1.463 − 3.196∼0.270
Others 0 — 0.548 0.166–1.812 − 1.311 − 3.294∼− 0.673
RTS 0.19 0.094–0.373 0.69 0.534–0.896 − 2.981 − 4.209∼− 1.752
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prolonged ICU stay from high-risk ones and may improve
ED disposition in clinical practice. Very few studies have
investigated trauma scoring and prognosis for young

children under the age of 7 years. Further research on the
association of trauma scores with prognosis in specific types
of accidents is needed in the future.

Se
ns

iti
vi

ty

1.0

0.8

0.6

0.4

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

1 – specificity

(a)

Se
ns

iti
vi

ty

1.0

0.8

0.6

0.4

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

1 – specificity

(b)

Source of the curve
GCS
RTS
Reference line

1 – specificity

Se
ns

iti
vi

ty

1.0

0.8

0.6

0.4

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

(c)

1 – specificity

Se
ns

iti
vi

ty

1.0

0.8

0.6

0.4

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

Source of the curve
GCS
RTS
Reference line

(d)

Figure 1: ROC curve of trauma scores to mortality and prolonged ICU stay. (a) ISS to mortality. (b) ISS to prolonged ICU stay. (c) GCS and
RTS to mortality. (d) GCS and RTS to prolonged ICU stay.

Table 4: AUC value of trauma score to mortality and prolonged ICU stay.

Mortality Prolonged ICU stay
AUC Std. error 95% CI AUC Std. error 95% CI

ISS 0.975 0.018 0.940∼1 0.448 0.033 0.384∼0.513
GCS 0.864 0.093 0.682∼1 0.509 0.032 0.447∼0.572
RTS 0.899 0.071 0.759∼1 0.587 0.034 0.520∼0.653
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6. Conclusion

In this study, we found that worse trauma scores of ISS, GCS,
and RTS were associated with increased mortality, pro-
longed ICU stays, and HLOS among young children’s in-
juries. Among these three trauma scores, we found ISS to
have the best predictive value. 0e cutoff values of ISS, GCS,
and RTS for predicting mortality were 15, 11, and 7,
respectively.

Data Availability

Raw data were generated at Chang Gung Memorial Medical
Hospital. Derived data supporting the findings of this study
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Case Report

Reconstruction of pediatric
hand injuries caused by
automatic cup-sealing
machines in Taiwan
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Abstract

Objective: This study was performed to share our clinical experience and provide treatment

strategies for pediatric hand injuries caused by automatic cup-sealing machines in Taiwan.

Methods: Thirteen pediatric patients with an average age of 3.6 years were included in this

retrospective study. Treatment was based on the location and depth of the injury and included

full-thickness skin grafts, free or local flaps, and digital replantation. Some patients underwent

contracture release during follow-up.

Results: Thermal crush injuries affected the left hand in five patients and right hand in eight. Four

patients with nine amputated fingers were treated by emergent digital replantation, four were

treated by skin grafting, one was treated by nail bed repair, one underwent reconstruction with a

local reversed dorsal digital and metacarpal island flap, one underwent reconstruction with a

fascia graft for extensor tendon repair and pedicled groin flap coverage, and two underwent

reconstruction with free anterolateral thigh fasciocutaneous flaps with a vascularized fascia lata

graft for dorsal hand defects. All replanted fingers survived.

Conclusion: Pediatric hand injuries, especially those caused by cup-sealing machines,

can be devastating. Aggressive treatments including early reconstruction and

rehabilitation should be performed for all pediatric hand injuries to achieve satisfactory functional

restoration.
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Article summary

Strengths and Limitation of this Study

• Strength: A new algorithm was devised
for management of pediatric hand inju-
ries caused by cup-sealing machines.

• Strength: The long follow-up period
allowed for determination of whether
the surgical planning was correct.

• Limitation: This was a retrospective
study with a small number of cases.

Introduction

Hand trauma is frequent in childhood and
may result in a variety of soft tissue and
bone injuries.1 Furthermore, injuries
involving a combination of both soft
tissue and bone are possible in some acci-
dents. The severity may range widely,
involving skin laceration, joint dislocation,
tendon or joint disruption, neurovascular
injury, bony fracture, amputation, and
any other injuries in combination with
these. Different mechanisms are responsible
for different kinds of injuries.2

Some injury mechanisms are unique in
children because of children’s insufficient
life experience and curiosity at their young
age. For example, bicycle chain injuries and
door slams usually cause crushing or avul-
sion injuries, while home exercise equip-
ment such as treadmills and bicycle
machines may cause abrasions, burns, lac-
erations, or traumatic amputations.3

In Taiwan, “bubble tea” has been popu-
lar since the late 20th century. It has also

become a worldwide trend as a pastime tea-

based drink. An automatic cup-sealing

machine (Figure 1) has been designed to

prepare these drinks. A thin plastic film is

heated to seal the cup, and the seal is effec-

tive even when the cup is turned upside

down. Although the machine has been

improved over time, children, especially

younger ones, can still sustain severe

injury to their hands because of their curi-

osity and handling of the machine.

Mutilating hand injuries that cause dimin-

ished hand function negatively impact the

psychological and social aspects of patients’

lives.4 The generally accepted indications

for attempting digit replantation after trau-

matic digit amputation are broader for chil-

dren than adults. In the pediatric

population, replantation outcomes may

benefit from an increased healing potential

and lack of comorbidity.5 In addition, long-

term follow-up studies have suggested good

functional outcomes in children.6

This study was performed to share our

clinical experience, including patient out-

comes, and provide treatment strategies

for pediatric hand injuries caused by auto-

matic cup-sealing machines in Taiwan.

Materials and methods

This study was approved by the

Institutional Review Board of Kaohsiung

Chang Gung Memorial Hospital

(Approval No. 201800224B0). Institutional

guidelines for the use of completely de-

identified patient data were followed.
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Patient consent was obtained for all surgi-

cal and wound management procedures,

including the possible use of photographs

without identifying marks or facial features.
We retrospectively reviewed the medical

charts of children who underwent treatment

of hand injuries caused by automatic cup-

sealing machines at Kaohsiung Chang

Gung Memorial Hospital from June 2004

to February 2016. All patients were brought

to our hospital for first aid without other

associated trauma. Our treatment strategies

were based on the location and depth of the

injuries. A full-thickness skin graft was

the first choice for superficial burns over

the dorsal hand or fingers. Deep burns

with tendon or joint exposure were treated

with free or local flaps following tendon

reconstruction to obtain the best functional

outcome. Digital replantation was

performed for all amputations. Some
patients underwent contracture release,
debulking procedures, and tenolysis during
follow-up.

Results

Thirteen pediatric patients (six girls, seven
boys) were included in this study (Table 1).
Their ages ranged from 1 to 11 years (aver-
age, 3.6 years). The average length of hos-
pitalization was 24.6 days, and the average
follow-up period was 79.3 months (range,
2–134 months).

Four patients with nine amputated fin-
gers underwent replantation, four patients
were treated with skin grafts, two were
treated with a free anterolateral thigh
(ALT) flap and fascia graft, one was treated
with a reverse dorsal metacarpal artery flap,
one was treated with a groin flap and fascia
graft, and one underwent nail bed repair
only. All initial surgical procedures were
successful except in the patient who under-
went reverse dorsal metacarpal artery flap
reconstruction; this patient developed
superficial skin necrosis and healed by
second intention. No donor site morbidi-
ty occurred.

All replanted fingers showed good func-
tional outcomes; however, one patient
returned to undergo contracture release
during the follow-up period. Furthermore,
patients who had undergone flap and fascia
graft reconstruction required secondary
procedures such as contracture release,
debulking procedures, tenolysis, or
Z-plasty (Table 2).

Case presentations

Patient 1

A 3-year-old girl sustained a thermal crush
injury with complete amputations at the
middle phalanx level of her left index,
middle, and ring fingers (Figure 2(a)).

Figure 1. Cup-sealing machine

Tsai et al. 5857
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A third-degree contact thermal burn was

present over the dorsal skin, which

appeared to be crushed and burned.

Revascularization of all amputated fingers

was performed immediately with phalange-

al bone shortening in the little finger

(Figure 2(b)). The extensors and flexors

were also repaired after precise fixation of

the phalangeal bones. Because of the small

caliber of the veins, a subdermal pocket was

designed for venous drainage of all three

revascularized digits (Figure 2(c)). After 2

weeks, a division procedure was arranged,

and all three digits survived with satisfacto-

ry functional recovery (Figure 2d)).

Patient 2

An 11-year-old boy sustained a third-degree

contact thermal burn and crush injury on

the dorsal side of his left hand (Figure 3

(a)). After serial debridement, the second

to fourth metacarpal bones were exposed

with defects of the extensor tendons. The

soft tissue was reconstructed with a free

ALT fasciocutaneous flap harvested from

the patient’s left thigh (Figure 3(b)).

A fascia lata graft was simultaneously har-

vested from the same donor site and sepa-

rated for extensor tendon reconstruction

(Figure 3(c)). The ALT flap appeared to

be bulky after surgery, and a debulking pro-

cedure was performed 6 months later

(Figure 3(d)). Complete flap survival with

restoration of the extensor tendon function

was noted during follow-up (Figure 3(e)).

Discussion

The hand is a very important element both

functionally and aesthetically. In adults,

severe damage due to heat-press injury to

the hand is primarily caused by dry cleaning

laundry equipment and industrial

Table 2. Follow-up periods and further procedures

Patient

No.

Hospitalization

(days)

F/U

(mos) F/U OP 1 F/U OP 2 F/U OP 3

1 17 118

2 17 64 Release contracture;

debulking

3 39 4

4 2 104

5 22 66

6 20 134

7 24 132

8 26 116 Release contracture

(Z-plasty, first web);

debulking

Debulking;

Z-plasty

9 13 98 Division and FTSG Separation;

debulking

Tenolysis

10 44 70 Release contractureþ
FTSG (23 webs);

tendon spacer

11 31 45

12 34 78

13 31 2

Abbreviations: FTSG, full-thickness skin graft; F/U, follow-up; OP, operation
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machinery, which can cause second- to

third-degree burns over the dorsal side of

the hands and fingers in adults.

Furthermore, amputations of fingers and

hands by heat-press injury have also been

reported.7,8 Amputation may be unavoid-

able when there is difficulty in recovering

function in the damaged fingers.

Therefore, when the function cannot be

recovered, plastic surgeons must consider

the aesthetic aspect of treatment.9

Reports of injuries caused by cup-sealing

machines in children are very rare, but such

injuries are usually severe. Because of the

unique nature of the thermal crush injury

inflicted by cup-sealing machines, serious

injuries of children’s hands occur.9 An

automatic cup-sealing machine may cause

both crush and burn injuries during the

process of sealing the top of a cup by a

thin plastic film. The compression force

(pressure) may reach 2 to 5 kg/cm2, which

causes bone fractures, extensive soft tissue

injuries, or even amputations of pediatric

hands, as in the cases described in the pre-

sent report. The working temperature is

about 140�C to 160�C, which commonly

induces deep contact thermal burn injury.

With high temperature and pressure, exten-

sive soft tissue or even bone destruction can

occur within only a few seconds.9

The compressive pressure from the

machine can also result in a broad injury

zone with second- to third-degree burns.

In 2006, Lin et al.10 described three

cases of hands that had been injured by

Figure 2. (a) Complete amputation of the left index, middle, and ring fingers at the middle phalanx
level. (b) Successfully salvaged fingers. (c) Good flexion during follow-up. (d) Good grasp function during
follow-up
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cup-sealing machines and were recon-

structed with skin grafts and local flaps.

No other reports of injuries inflicted by

cup-sealing machines were found in our

literature review, demonstrating that this

is a rare and unique mechanism of injury

in Taiwan. Our data showed that boys

were more prone to injuries than girls, as

Figure 3. (a) Third-degree contact thermal burn over the right dorsal hand. (b) Anterolateral thigh flap.
(c) Tensor fascia lata graft. (d) Complete reconstruction. (e) Follow-up appearance
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also reported by Jeon et al.11 Among chil-
dren younger than 6 years, 75% of all inju-
ries occurred at home, only 8% occurred in
a daycare center, and adults were present
when 84% of the injuries occurred. These
findings may be associated with some
Taiwanese families running their bubble
tea business at home.

Initial assessment of the burn depth in
such cases of tissue destruction is not
always accurate, even by an experienced
examiner.10 These mechanisms of injury
contribute to traumatic amputation and
thermal burn injuries on the hands of chil-
dren within a few seconds. Superficial hand
burns in children may have an excellent
functional outcome and appearance with
ordinary wound care. Deep partial- and
full-thickness hand burns generally require
tangential excision and skin grafting.10

Because of the lack of sufficient soft
tissue on the dorsum of the hand, heat-
press injuries caused by automatic cup-
sealing machines are often deep. Early
debridement and an aggressive flap recon-
struction procedure are indicated to salvage
the hand in patients with in fourth-
degree burns.10

The basic principles of reconstruction
are similar in adults and children. The
absence of associated comorbidities and
the clear, unscarred anatomy are encourag-
ing in children. However, the technical chal-
lenges are much greater in these young
patients because of their smaller struc-
tures.12 Fortunately, children have excep-
tional regenerative abilities that allow
procedures to be performed in less-than-
optimal conditions. However, the body
image of young children can be permanent-
ly distorted despite aggressive reconstruc-
tion, and this can lead to social difficulties
once they reach school age.9

Replantation is undoubtedly indicated
for finger amputation caused by heat-press
injury in children. The survival rate of the
digits in such cases reportedly ranges from

58% to 97%.13 Amputations are more
common in boys with an average age of
10 years, and they are difficult to treat
because of the technical challenges of per-
forming vascular anastomoses on such a
small scale.12 Overall, the results of replan-
tation for finger amputations in children are
excellent, with survival rates of nearly 98%
and functional recovery superior to that
seen in adults.4 However, several challenges
remain. Functional outcomes vary in differ-
ent reports because of different types of
trauma and injury levels. In the present
study, 4 of 13 patients underwent replanta-
tion, and all digits survived with satisfacto-
ry outcomes including the grasp, pinch, and
extension functions. Sensory recovery in
children occurs more rapidly than in
adults, probably because of the shorter
regeneration distance and higher regenera-
tive capacity.14

The use of free flaps is a versatile tech-
nique when burned hands cannot be cov-
ered with skin grafts.10 Although free flap
reconstruction in pediatric hands is still
technically demanding, microvascular sur-
gery in children is a feasible, safe, and reli-
able modality with a high survival rate.
Shenaq and Dinh14 presented the largest
series of pediatric free tissue transfers and
reported a high survival rate of 99.8%
(2 failures in 433 cases). Defects on the
dorsal side of the hand could be recon-
structed with thin, pliable tissue with good
vascularization. The use of free flaps in chil-
dren is a simple and reliable procedure that
provides surgical safety and good out-
comes. However, a secondary flap division
procedure and postoperative limb fixation
is sometimes unacceptable by young chil-
dren and their parents.15

Fasciocutaneous perforator flaps can
provide advantages such as a longer pedi-
cle, thinner flap, and preservation of muscle
function, and these properties are essential
to the growth and development of children.
Another advantage of using this type of flap
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is that it allows gliding of the extensor

tendon in the dorsal hand.10 Wei et al.15

successfully performed free ALT flap trans-

fer in 20 pediatric patients (mean age, 9.5

years). The authors found that a pediatric

ALT flap has a smaller-caliber pedicle and

shorter perforators than those in adults,

and a primary thinning procedure was not

advisable in pediatric patients.15 In the pre-

sent series, 2 of 13 patients underwent free

ALT flap reconstruction with good func-

tional and cosmetic results.
Our reconstructive protocols were based

on our experience in managing hand inju-

ries inflicted by cup-sealing machines and

were performed according to the degree of

thermal and crush injuries (Figure 4).9

Although this algorithm has some limita-

tions, such as concern regarding accuracy

because of the lack of sufficient patient

numbers, it may be used as a primary ref-

erence tool for surgical management of the

unique injuries induced by cup-sealing

machines in pediatric patients. Most impor-

tantly, this algorithm is expected to improve

after higher patient numbers have been

accumulated.

1. Thermal crush injuries with complete or

incomplete amputation. Because success-

ful replantation is very important to

children’s well-being and psychosocial

development, replantation or revascular-

ization should be attempted in all cases

to obtain satisfactory functional and cos-

metic outcomes. Because of the concom-

itant thermal injury and small caliber of

vessels in children, repair of veins can

sometimes be very difficult. The subder-

mal pocket procedure introduced by Lin

et al.16 can be an alternative choice when

no suitable recipient vein is available.
2. Composite thermal crush injury. This type

of injury will result in a skin defect with

possible tendon, joint, and bone damage.

Serial debridement, tendon repair, bone

Figure 4. Flowchart for pediatric hand injuries caused by automatic cup-sealing machines. STSG, split-
thickness skin graft; FTSG, full-thickness skin graft
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reduction/fixation, and early flap recon-
struction should be attempted whenever
possible. The choice of a local flap, thin
abdominal flap, or free flap should be
based on the clinical situation such as
the defect size and collateral damage of
composite tissue, characteristics of the
medical facility, surgeon’s capability,
and patient’s compliance.

3. Thermal burn-only injury. Superficial
burns are less frequently observed in
patients with cup-sealing injuries because
the mechanism of such thermal burns
involves contact and pressure. Either
wound care or early debridement with a
skin graft is a suitable choice for man-
agement of second-degree burns; howev-
er, such conservative wound care
management may result in long-term
hospitalization and impairment of hand
function due to increasing severity of
scar contracture. Furthermore, we use
full-thickness rather than split-thickness
skin grafts because full-thickness grafts
contain more dermis tissue, which may
attenuate the occurrence of wound con-
tracture and promote better recovery of
hand function. When the thermal injury
is deep and involves bone or tendon
damage, early tendon reconstruction
with flap coverage is necessary for a
better functional outcome.

Preventive measures such as keeping the
cup-sealing machine in manual mode are
advised. In manual mode, the machine
will not proceed to the next step after a
cup has been placed in the tray until the
start button has been pressed. However,
this safety precaution is not commonly
used because it slows down the cup-sealing
process. In addition to adjusting the auto-
matic cup-sealing machine to the semiauto-
matic mode, it is suggested to place a
barricade outside the entrance where the
cup bracket moves into the heating area
of the machine and to closely supervise

children who are in the vicinity of

the machine.10

Other measures that may be necessary

to reduce the chance of injury include

adding a protective hood over the cup

seal, installing motion sensors to detect

objects other than cups, and decreasing

the gap between the cup tray and sealer to

reduce the chance of a child’s hand entering

the machine.9

Conclusions

The hand is one of the most frequently

injured parts of a child’s body. Thorough

knowledge of the pediatric hand anatomy

is necessary to guide the evaluation and

management of hand injuries in children.

Appropriate and timely management strate-

gies have important functional and cosmetic

outcomes and should thus be individualized

to the patient’s skeletal maturity, injury type,

and injury severity. Aggressive treatments

including early reconstruction and early

rehabilitation should be undertaken in all

pediatric hand injuries to achieve satisfacto-

ry functional restoration. However,

prevention is the best policy to avoid

future incidents.
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