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正常人之心跳數值是不會高於動脈收縮血壓。對於外傷病患，尤其是

大量出血之患者，心跳會加快，血壓會降低，而當血壓小於心跳時，

我們定義其為逆轉休克指數 reverse shock index(RSI=SBP/HR) <1，代表病

人正處於可能休克的情況，而需要更積極之治療。我們發現使用 RSI<1

為篩檢條件時，可以幫助於急診檢傷分類 Level II 及 III 的病患中，找出

有著高危險性之患者，並有利於提高急診檢傷分類之準確性。 
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對於車禍後由緊急醫療服務網送至急診後住院之外傷患者的研究發

現，由緊急醫療服務網送至之患者其創傷嚴重分數較高，所需急診處

置如插管、胸管、或輸血等比例也較高。但是根據創傷嚴重分數調整

後之死亡率，或根據傾向分數配對調整後之死亡率，由緊急醫療服務

網送至之患者和由私人送至急診之患者相比，並無明顯之降低。 
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統計發現肥胖之外傷患者的創傷嚴重分數、住入加護病房之比例及時

間、以及死亡率和正常體重患者相比並無明顯差異。即便考慮了原有

之性別、年紀、各項慢性疾病、和創傷嚴重程度之不同，而經傾向分

數配對調整後之死亡率，兩者之間也無明顯之差異。但是肥胖之外傷

患者病房之住院天數統計上明顯較長，而且合併骨盆骨折、脛骨骨折、

以及腓骨骨折的比例也較高。 
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我們定義其為逆轉休克指數為血壓除以心跳(RSI=SBP/HR)。當病患血壓

小於心跳時(RSI<1)，代表病人正處於潛在休克之情況。我們檢視病患於

外傷現場所偵測之逆轉休克指數以及病患送抵急診時之逆轉休克指數，

發現如果病患於外傷現場 RSI≥1，但於急診時 RSI<1 時，此類病患會比

於外傷現場及急診 RSI 皆≥1 之病患有著高達十六倍之死亡率，也代表

此類之患者整體生命徵象之穩定度是在急速下降之情況。 
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和正常體重機車騎士患者相比較，肥胖之外傷機車騎士比較容易撞到

胸部，但較少撞到臉。肥胖之外傷機車騎士也有著2.7倍肱骨骨折、1.9倍

骨盆骨折、以及1.5倍肋骨骨折之機會。另外，肥胖之外傷機車騎士病

房之住院天也較長，身體質量指數(BMI)每增加10的話，平均會增加將近

一天之住院天數。但是肥胖之外傷機車騎士其創傷嚴重分數、創傷嚴

重度指標(TRISS)、住入加護病房之比例及時間、和死亡率，和正常體重

之機車騎士相比並無明顯差異。 
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我們定義其為逆轉休克指數為血壓除以心跳(RSI=SBP/HR)。當病患血壓

小於心跳時(RSI<1)，代表病人正處於潛在休克之情況。我們檢視病患於

送抵急診時所偵測之逆轉休克指數以及病患將離開急診時所偵測之逆

轉休克指數，發現當和穩定血壓之病患相比時，即便病患於送抵急診

時外傷現場其血壓大於 90mmHg，如果病患的 RSI<1，其死亡率也會高達

9倍。甚至如果病患於將離開急診時其血壓大於90mmHg，但其RSI<1時，

其死亡率也會高達 21 倍。代表逆轉休克指數可能有助於找出潛在之休

克高危險群之外傷族群。 
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對於危及生命或罹患重大外傷之病患，急診便會啟動重大外傷小組至

急診診視病患，並安排協助病患後續之處置，以減少病患之傷害或死

亡。我們提出逆轉休克指數(RSI)用來幫助辨識那些未被啟動重大外傷小

組但卻可能位於休克之高危險群病人，並發現當 RSI <1 時，病患創傷

嚴重分數為極嚴重(≥25 分)之情況為 RSI≥1 之病患之 2.4 倍，而其死亡率

為 3.9 倍。 
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病患遭受胸腹部外傷就醫時，研究是否可以從病患於急診時之休克指

數(Shock Index=HR/SBP)、改良式休克指數(Modified Shock Index=HR/MBP)、

以及依年齡調整之休克指數(Age Shock Index=Shock Index×Age)來預測出

病患將需要大量輸血(定義為 24 小時內需輸血 PRBC 或全血超過 10 單

位)。我們發現使用休克指數 0.95 或改良式休克指數 1.15 為切割點(cut-

off point)時，可以用來幫助預測病患是否需要後續之大量輸血。 
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我們比較高分(High-grade)之肝脾鈍挫傷的機車及汽車外傷患者後發現，

雖然此疾病於機車車禍患者較多，但是汽車患者之臨床表現明顯較差，

包括了較高之創傷嚴重分數及器官受傷分數、較長之住院時間及較多

之併發症。汽車患者於急診時表現出休克、呼吸急促、需置放胸管、

需輸血超過 4單位、以及住加護病房超過 5 天之情況，都明顯較多。 
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亞洲人骨質疏鬆自我篩查指數(OSTA) =（體重-年齡）x 0.2。根據 OSTA

指數評估骨質疏鬆的風險將外傷股骨骨折住院之病患分為低風險

(OSTA 指數>-1)、中風險(OSTA 指數在-4 至-1 之間)、及高風險(OSTA 指數

<-4)三組。我們發現高風險及中風險病患之股骨骨折型態明顯和低風險

之患者不同，而且不論有無經過傾向分數配對來調整其創傷嚴重程度

之比較，皆顯示說高風險及中風險病患之住院醫療費用都明顯比低風

險之患者來的少。細究其原因，我們發現，和低風險病患相比，外科

醫師對於此些高風險及中風險之病患較為保守，較少實施具侵犯性

(aggressive)之手術，而且其手術相關花費也較少。 
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非外科手術療法(Non-operative management)現今被廣為接受用於治療脾臟

鈍挫傷。此研究利用多變數邏輯斯迴歸分析來研究於脾臟鈍挫傷且接

受血管攝影或血管攝影合併栓塞治療之患者，其罹患顯影劑相關腎臟

病變之危險因子。我們發現說身體質量指數(BMI)大於或等於 30 以上、

創傷嚴重分數大於或等於 25 以上、以及受傷 24 小時之血色素小於< 10 

g/dL 皆為預測病患是否會罹患顯影劑相關腎臟病變之獨立危險因子。

然而病患是否接受栓塞治療和其是否會罹患顯影劑相關腎臟病變，兩

者之間並無明顯相關。 
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本研究在於探討於脾臟鈍挫傷之非外科手術療法中，當病患於接受過

具顯影劑之電腦斷層檢查後再接受血管攝影檢查，是否會增加病人罹

患顯影劑相關之腎臟病變。我們發現不管顯影劑相關腎臟病變的定義

是採計何種標準(Barrett and Parfrey criteria; AKIN criteria; RIFLE criteria)，

病患是否會罹患顯影劑相關之腎臟病變，和有無接受後續之血管攝影

並無明顯相關。 
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本研究發現對於外傷住院之患者而言，喝酒所導致之較高死亡率和病

患本身合併較高之創傷嚴重分數有關，而和其酒精之作用無關。而且

喝酒之外傷病患其醫療花費、手術花費、檢查花費、以及藥費明顯都

比未喝酒之外傷病患來的高。即便利用傾向分數配對調整了兩者之間

性別、年紀、和各項慢性疾病之不同後，喝酒之外傷病患其醫療花費、

手術花費、檢查花費、以及藥費仍舊都比未喝酒之外傷病患明顯來的

分別較高 17.4%、40.3%、52.8%、及 38.3%。 
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本研究發現罹患外傷後急性腎衰竭之病患年紀明顯較大、有較多之各

項原有慢性疾病、會合併較高比例發生之硬腦膜下出血、顱內出血、

腹腔內創傷、和肝臟損傷，而且會有較高之創傷嚴重程度、住院天數、

住入加護病房之比例及時間、以及死亡率。但是我們使用發現使用傾

向分數配對分析後發現剛到急診時是否有休克之現象和外傷後急性腎

衰竭之發生並無關聯性。此和一般臨床觀察似有牴觸之情況，推測其

可能的解釋是因為於急診處置時，及時之灌流降低了病患休克之時間

長度，並避免其後續外傷後急性腎衰竭之發生。 
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根據 OSTA 指數評估骨質疏鬆的風險將具有單純性中度至重度腦部創

傷之住院病患分為低風險(OSTA 指數>-1)、中風險(OSTA 指數在-4 至-1 之

間)、及高風險(OSTA 指數<-4)三組。我們發現高風險及中風險病患明顯

比低風險患者有較高之創傷嚴重程度、住院天數、住入加護病房之比

例及時間、及死亡率。經過傾向分數配對來調整其性別、各項慢性疾

病、酒精濃度和創傷嚴重程度之不同後，高風險及中風險單純性中度

至重度腦部創傷病患之死亡率仍分別為低風險患者之 2.4 倍及 1.8 倍。

然而傾向分數配對分析如果加計年齡之影響時，此高風險及中風險病

患之死亡率和低風險患者便無明顯差別。亦即組別間年齡之差距便足

以解釋單純性中度至重度腦部創傷之患者其 OSTA 指數高風險及中風

險群患者之死亡率為何會比低風險群患者較高。 



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。

每年於農曆過年前，彙整我們過去一年來由科內醫師擔任第一或指導作者

所發表之學術研究工作內容，不僅是在於對過去一路走來之足跡做一個回

顧及檢討，也在於對未來的各項研究方向括劃出一個方向。並希望能藉由

於增加外傷醫學領域之學術交流外，促進對外傷病患之全方面照顧。 
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Obese patients who fall have less injury
severity but a longer hospital stay than
normal-weight patients
Jung-Fang Chuang1†, Cheng-Shyuan Rau2†, Hang-Tsung Liu1, Shao-Chun Wu3, Yi-Chun Chen1, Shiun-Yuan Hsu1,
Hsiao-Yun Hsieh1 and Ching-Hua Hsieh1*

Abstract

Background: The effects of obesity on injury severity and outcome have been studied in trauma patients but
not in those who have experienced a fall. The aim of this study was to compare injury patterns, injury severities,
mortality rates, and in-hospital or intensive care unit (ICU) length of stay (LOS) between obese and normal-weight
patients following a fall.

Methods: Detailed data were retrieved for 273 fall-related hospitalized obese adult patients with a body mass
index (BMI) ≥30 kg/m2 and 2357 normal-weight patients with a BMI <25 kg/m2 but ≥18.5 kg/m2 from the
Trauma Registry System of a Level I trauma center between January 1, 2009, and December 31, 2013. We used
the Pearson’s chi-squared test, Fisher’s exact test, the Mann Whitney U test, and independent Student’s t-test to
analyze differences between the two groups.

Results: Analysis of AIS scores and AIS severity scaling from 1 to 5 revealed no significant differences in trauma
regions between obese and normal-weight patients. When stratified by injury severity (Injury Severity Score [ISS]
of <16, 16–24, or ≥25), more obese patients had an ISS of <16 compared to normal-weight patients (90.5 % vs.
86.0 %, respectively; p = 0.041), while more normal-weight patients had an ISS between 16 and 24 (11.0 % vs. 6.6 %,
respectively; p = 0.025). Obese patients who had experienced a fall had a significantly lower ISS (median (range): 9
(1–45) vs. 9 (1–50), respectively; p = 0.015) but longer in-hospital LOS than did normal-weight patients (10.1 days
vs. 8.9 days, respectively; p = 0.049). Even after taking account of possible differences in comorbidity and ISS, the
obese patients have an average 1.54 day longer LOS than that of normal-weight patients. However, no significant
differences were found between obese and normal-weight patients in terms of the New Injury Severity Score
(NISS), Trauma-Injury Severity Score (TRISS), mortality, percentage of patients admitted to the ICU, or LOS in the ICU.

Conclusion: Obese patients who had experienced a fall did not have different injured body regions than did
normal-weight patients. However, they had a lower ISS but a longer in-hospital LOS than did normal-weight
patients.

Keywords: Fall, Obesity, Injury severity score, Mortality, In-hospital length of stay
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Background
Falls are a leading cause of injury and a significant public
health issue [1–3]. The incidence of falls that lead to
emergency unit admission is growing with the increased
size and rapid growth of the geriatric population [4, 5].
In addition, obesity is a worldwide health problem lead-
ing to a range of health consequences [6, 7]. While
obesity is known to increase the risk for a variety of
medical conditions including hypertension, diabetes mel-
litus, cardiac disease, and pulmonary thromboembolism
[8], the effect of obesity on the injury pattern and
outcome of trauma patients after a fall remains unclear.
Evidence was found that the effect of weight on the risk
of falling appeared to be linear; greater obesity was re-
lated to greater risk of falling [9–11]. Compared with
normal-weight respondents, the odds ratios (OR) for risk
of falling were 1.12 (95 % confidence interval [CI] =
1.01–1.24) for obesity Class 1 (BMI 30.0–34.9 kg/m2),
1.26 (95 % CI = 1.05–1.51) for obesity Class 2 (BMI
35.0–39.9 kg/m2), and 1.50 (95 % CI = 1.21–1.86) for
obesity Class 3 (BMI ≥ 40.0 kg/m2) [9]. In addition, obes-
ity was associated with a 25 % higher risk (95 % CI =
1.11–1.41; p < 0.0003) of having fallen in the previous
12 months compared to non-obese individuals [12].
Identification of the high-risk injury patterns and bet-

ter understanding of the epidemiology and outcome of
fall injury in obese patients are important in order to
cope with a rising number of obese patients. Therefore,
this study was designed to investigate the injury charac-
teristics, injury patterns, injury severities, and mortality
rates of adult obese patients admitted and treated for
fall-related injury in southern Taiwan over a five-year
period at a level I trauma center.

Methods
Ethics statement
Approval for this study was obtained from the hospital’s
institutional review board (IRB) before its initiation
(approval number 103-7110B). Given its observational
nature, the requirement for written informed consent
from each patient was waived by the IRB.

Study design
This retrospective study was designed to review all
16,548 hospitalized and registered patients added to the
Trauma Registry System from January 1, 2009, to
December 31, 2013, and select cases that met the follow-
ing inclusion criteria: (1) age ≥ 18 years, (2) BMI ≥ 30 kg/
m2 for obese patients and BMI < 25 but ≥ 18.5 kg/m2 for
normal-weight patients according to the World Health
Organization definition [13, 14], and (3) admittance due
to a fall accident. The patients who had sustained fall
injuries from all fall heights (<1 m, 1–6 m, >6 m) were
included, but those who had attempted suicide in the fall

or who had non-validated BMI values or incomplete
data were excluded.
To compare the injury patterns, mechanisms, severity,

and mortality of obese patients with those of normal-
weight patients, detailed data were retrieved on age, sex,
vital signs in the emergency department (ED), injury
mechanism, fall height (<1 m, 1–6 m, >6 m), transporta-
tion, injury time, Glasgow Coma Scale (GCS) upon ar-
rival at the ED, Abbreviated Injury Scale (AIS) severity
score for each body region, Injury Severity Score (ISS),
New Injury Severity Score (NISS), Trauma-Injury Severity
Score (TRISS), in-hospital length of stay (LOS), LOS in the
ICU, and in-hospital mortality. In addition, the pre-existed
comorbidities and chronic diesases including diabetes mel-
litus (DM), hypertension (HTN), coronary artery diseases
(CAD), congestive heart failure (CHF), cerebrovascular ac-
cident (CVA), and end-stage renal disease (ESRD) were
identified. A blood alcohol concentration (BAC) of 50 mg/
dL at the time of arrival at the hospital was defined as the
cut-off value according to the legal limit for drivers in
Taiwan. The primary outcomes were injury severity scores
(i.e., GCS, AIS, ISS, NISS, and TRISS), and the secondary
outcomes were LOS, ICU LOS, and in-hospital mortality.
The ORs of the injured regions and associated condi-

tions sustained by obese and normal-weight patients
were calculated with 95 % CIs. Data collected regarding
the obese and normal-weight population of patients who
had experienced a fall were compared using SPSS v.20
statistical software (IBM, Armonk, NY, USA). Pearson’s
chi-squared tests, Fisher’s exact tests, and independent
Student’s t-tests were used to analyze data as applicable.
The Mann Whitney U test was used to compare the AIS
severity scaling from 1 to 5 in each injury region. Or-
dinal data, like ISS and NISS, is presented as median
(range). Data were further analyzed by a multiple linear
regression adjusted for the effect of confounding vari-
ables (ie, comorbidity and ISS) to show the main effects
of obesity on LOS in hospital. All other results are pre-
sented as the mean ± standard error.

Results
Injury characteristics
Among the 2630 adult patients with fall accidents, 273
(10.4 %) were obese (BMI ≥ 30 kg/m2), and 2357
(89.6 %) were of normal weight (25 > BMI ≥ 18.5 kg/m2)
(Table 1). No statistically significant difference regarding
sex was found between the obese and normal-weight pa-
tients. The mean ages of the obese and normal-weight
patients were 60.6 ± 16.8 and 65.7 ± 17.1 years, respect-
ively (p <0.001). There were significant higher incidence
rates of the pre-existed comorbidities and chronic dis-
eases including DM, HTN, and CAD in the obese pa-
tients. The majority of patients in both groups fell from
a height < 1 m, implying that the majority of the patients
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Table 1 Demographics of the obese and normal-weight patients with a fall injury

Variables Obese Normal Odds ratio
(95 %)

P

BMI≥ 30 25 > BMI≥ 18.5

n = 273 n = 2357

Gender

Male 114(41.8) 1080(45.8) 0.8(0.66–1.09) 0.202

Female 159(58.2) 1277(54.2) 1.2(0.92–1.52) 0.202

Age 60.6 ± 16.8 65.7 ± 17.1 — <0.001

Comorbidity

DM 98(35.9) 497(21.1) 2.1(1.61–2.74) <0.001

HTN 153(56.0) 995(42.2) 1.7(1.36–2.25) <0.001

CAD 26(9.5) 137(5.8) 1.7(1.10–2.65) 0.016

CHF 8(2.9) 51(2.2) 1.4(0.64–2.91) 0.418

CVA 25(9.2) 216(9.2) 1.0(0.65–1.54) 0.997

ESRD 0(0.0) 7(0.3) — 1.000

Height of fall

< 1 m 213(78.0) 1859(78.9) 1.0(0.70–1.29) 0.745

1–6 m 59(21.6) 471(20.0) 1.1(0.81–1.50) 0.525

> 6 m 1(0.4) 27(1.1) 0.3(0.04–2.34) 0.354

Alcohol > 50, n(%) 4(1.5) 51(2.2) 0.7(0.24–1.88) 0.445

GCS 14.6 ± 1.7 14.4 ± 2.0 — 0.104

≤ 8 8(2.9) 80(3.4) 0.9(0.41–1.80) 0.687

9–12 6(2.2) 88(3.7) 0.6(0.25–1.34) 0.196

≥ 13 259(94.9) 2189(92.9) 1.4(0.81–2.49) 0.218

AIS, n(%)

Head/Neck 48(17.6) 537(22.8) 0.7(0.52–1.00) 0.050

Face 12(4.4) 154(6.5) 0.7(0.36–1.20) 0.169

Thorax 20(7.3) 174(7.4) 1.0(0.61–1.60) 0.973

Abdomen 16(5.9) 131(5.6) 1.1(0.62–1.81) 0.837

Extremity 217(79.5) 1792(76.0) 1.2(0.90–1.66) 0.203

ISS, median(range) 9(1–45) 9(1–50) — 0.015

< 16 247(90.5) 2027(86.0) 1.5(1.02–2.36) 0.041

16–24 18(6.6) 259(11.0) 0.6(0.35–0.94) 0.025

≥ 25 8(2.9) 71(3.0) 1.0(0.46–2.04) 0.940

NISS, median(range) 9(1–66) 9(1–75) — 0.070

TRISS 0.960 ± 0.112 0.958 ± 0.085 — 0.645

Mortality, n(%) 7(2.6) 55(2.3) 1.1(0.50–2.44) 0.812

Height of fall

< 1 m 4(1.5) 44(1.9) 0.8(0.28–2.19) 0.639

1–6 m 3(1.1) 11(0.5) 2.4(0.66–8.55) 0.171

LOS (days) 10.1 ± 10.3 8.9 ± 8.9 — 0.049

Controlled by Comorbidity & ISS — — 1.01(1.01–1.03) 0.004

ICU

Patients, n(%) 33(12.1) 375(15.9) 0.7(0.50–1.06) 0.099

< 16 15(5.5) 145(6.2) 0.9(0.51–1.53) 0.667

16–24 11(4.0) 167(7.1) 0.6(0.30–1.03) 0.057
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sustained a ground-level fall occurring upon walking or
with movement; however, this difference in patient num-
ber stratified by fall height (<1 m, 1–6 m, >6 m) was not
statistically significant.

Injury severity
No significant differences were found between obese and
normal-weight patients in GCS scores (14.6 ± 1.7 vs.
14.4 ± 2.0, respectively; p = 0.104) and the distribution of
the proportion of patients at different levels of con-
sciousness (GCS ≤8, 9–12, or ≥13) (Table 1). Analysis of
AIS scores revealed no significant differences in trauma
regions between obese and normal-weight patients.
Comparison of the composition of AIS severity scaling
from 1 to 5 in each region between obese and normal-
weight patients also did not show a significant difference
(Table 2). A significant difference in ISS was found
between obese and normal-weight patients (median
(range): 9 (1–45) vs. 9 (1–50), respectively; p = 0.015).
When stratified by injury severity (ISS of <16, 16–24,
or ≥25), more obese than normal-weight patients had
an ISS < 16 (90.5 % vs. 86.0 %, respectively; p = 0.041),
while more normal-weight than obese patients had an
ISS between 16 and 24 (11.0 % vs. 6.6 %, respectively;
p = 0.025). However, no significant difference were
found for NISS (median (range): 9 (1–66) vs. 9 (1–75),
respectively; p = 0.070), TRISS (0.960 ± 0.112 vs. 0.958 ±
0.085, respectively; p = 0.645), or in-hospital mortality
(2.6 % vs. 2.3 %, respectively; p = 0.645). We found that
obese patients had a significantly longer average in-
hospital LOS than did normal-weight patients (10.1 vs.
8.9 days, respectively; p = 0.049). Because the detected sig-
nificant higher incidence rates of DM, HTN, and CAD in
the obese patients or a higher ISS may be positively corre-
lated to a longer hospital stay, therefore, we performed a
multiple linear regression analysis to investigate the effect
of obesity, DM, HTN, CAD, and ISS on LOS (days) of
these patients. The analysis of variance table (Table 3) in-
dicates that the relationship between obesity and LOS is
significant (p = 0.005), LOS in obesity tends to be 1.54 day

Table 1 Demographics of the obese and normal-weight patients with a fall injury (Continued)

≥ 25 7(2.6) 63(2.7) 1.0(0.43–2.11) 0.916

LOS in ICU (days) 8.2 ± 8.8 7.8 ± 9.6 — 0.833

< 16 6.6 ± 6.7 6.3 ± 8.7 — 0.908

16-24 7.5 ± 6.6 7.7 ± 10.0 — 0.963

≥ 25 11.9 ± 12.5 13.3 ± 13.4 — 0.782

AIS ≥3 sites, n(%) 6(0.2) 78(3.3) 0.7(0.28–1.52) 0.323

Mortality 0(0.0) 0(0.0) — —

LOS (days) 16.2 ± 10.2 14.8 ± 12.2 — 0.784

ICU Patients, n(%) 3(50.0) 36(46.2) 1.2(0.22–6.14) 1.000

LOS in ICU (days) 11.3 ± 9.1 7.1 ± 6.4 — 0.293

Table 2 Explanatory variables by a multiple regression analysis
to investigate the effect of obesity, comorbidity, and ISS on LOS
of these patients

Variables Obese Normal Mann–
Whitney
U Test P

BMI≥ 30 25 > BMI≥ 18.5

n(%) n(%)

Head/Neck 48 537 0.210

AIS 1 2(29.2) 112(20.9)

AIS 2 4(8.3) 44(8.2)

AIS 3 10(20.8) 104(19.4)

AIS 4 15(31.3) 225(41.9)

AIS 5 5(10.4) 52(9.7)

Face 12 154 0.550

AIS 1 4(33.3) 71(46.1)

AIS 2 8(66.7) 83(53.9)

Thorax 20 176 0.804

AIS 1 4(20.0) 19(10.8)

AIS 2 5(25.0) 56(31.8)

AIS 3 5(25.0) 77(43.8)

AIS 4 6(30.0) 22(12.5)

AIS 5 0(0.0) 2(1.1)

Abdomen 17 131 0.413

AIS 1 4(23.5) 6(4.6)

AIS 2 7(41.2) 83(63.4)

AIS 3 6(35.3) 40(30.5)

AIS 4 0(0.0) 2(1.5)

Extremity 217 1792 0.073

AIS 1 9(4.2) 43(2.4)

AIS 2 86(39.6) 633(35.3)

AIS 3 121(55.8) 1114(62.2)

AIS 4 0(0.0) 2(0.1)

AIS 5 1(0.5) 0(0.0)
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longer, on average, than that of normal-weight patients,
even after taking account of possible differences in comor-
bidity and ISS. In addition, the relationship between ISS
and LOS is highly significant (p < 0.0005), with a one score
increase in ISS being associated with an average in-
crease of 0.64 day LOS, after adjusting for obesity and
comorbidity. However, no differences were noted in the
proportion of obese and normal-weight patients admit-
ted to the ICU as well as LOS in the ICU after stratifi-
cation into either group of injury severity (ISS of <16,
16–24, or ≥25). In addition, among those who had sus-
tained 3 or more body area injury (AIS ≥3 sites), there
were no difference in obese and normal-weight patients
admitted to the ICU, LOS in the ICU and in the hos-
pital, and the mortality.

Physiological response & procedures performed at the ED
Upon arrival at the ED, no significant differences
were found for GCS of <13, systolic blood pressure
(SBP) of <90 mmHg, heart rate of >100 beats/min,
or respiratory rates of <10 or >29. Furthermore, no
significant differences were found in the odds for re-
quiring procedures, including cardiopulmonary resus-
citation, intubation, chest tube insertion, and blood
transfusion, at the ED (Table 4).

Discussion
In a retrospective review of all blunt trauma patients
admitted to the ICU at a Level I trauma center, prior
study demonstrated that there was no difference be-
tween obese and lean patients in the type of traumatic
brain injury [15]. Another study demonstrated similar
injury patterns of fewer head but more chest and lower
extremity injuries [16]. It has also been reported that
obese trauma patients sustained more pelvic, rib, and
lower extremity fractures but fewer liver injuries, man-
dibular fractures, and cerebral injuries than those non-
obese trauma patients [17]. Based on our analysis of the
AIS scores, obese patients presented no significant dif-
ference of injuries to body region from normal-weight
patients. Comparison of the composition of AIS severity
scaling from 1 to 5 in each region also did not show a
significant difference between obese and normal-weight
patients.
Longer hospitalizations of obese patients result in in-

creased morbidity and are associated with impaired mo-
bility, higher incidence of respiratory complications,
more venous thromboembolic events, and higher noso-
comial infection rates [18]. For example, obesity resulted
in nearly twofold-increased odds for developing cardiac
and pulmonary complications after a hip fracture as well

Table 3 Comparison of the composition of AIS severity scaling from 1 to 5 in each region between obese and normal-weight patients

Variable Parameter estimate Standard error 95 % CI for parameter P-value

Intercept 2.600 0.362 (1.891–3.310) 0.000

Obesity 1.543 0.544 (0.477–2.610) 0.005

DM 0.990 0.418 (0.170–1.809) 0.018

HTN 0.485 0.354 (−0.209–1.178) 0.171

CAD 0.962 0.690 (−0.392–2.315) 0.164

ISS 0.642 0.032 (0.579–0.705) 0.000

The multiple linear regression equation is given by: LOS (days) =2.60 + 1.54*(obesity) + 0.99*(DM) + 0.49*(HTN) + 0.96*(CAD) + ISS*0.64, depending on obesity
(o = normal weight, 1 = obesity), DM (0 = no DM, 1 = DM), HTN (0 = no HTN, 1 = HTN), CAD (0 = no CAD, 1 = CAD), and ISS (scores) of these patients

Table 4 Physiological response and procedures performed upon arrival at the ED

Variables Obese Normal Odds ratio
(95 %)

P

BMI≥ 30 25 > BMI≥ 18.5

n = 273 n = 2357

Physiology at ER, n(%)

GCS < 13 14(5.1) 168(7.1) 0.7(0.40–1.23) 0.218

SBP < 90 mmHg 3(1.1) 26(1.1) 1.0(0.30–3.31) 1.000

Heart rate > 100 beats/min 52(19.0) 357(15.1) 1.3(0.96–1.82) 0.092

Respiratory rate < 10 or >29 0(0.0) 6(0.3) — 1.000

Procedures at ER, n(%)

Cardiopulmonary resuscitation 0(0.0) 1(0.0) — 1.000

Intubation 3(1.1) 34(1.4) 0.8(0.23–2.49) 1.000

Chest tube insertion 2(0.7) 23(1.0) 0.7(0.18–3.19) 1.000

Blood transfusion 8(2.9) 56(2.4) 1.2(0.59–2.63) 0.574
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as significantly increasing the odds of developing infec-
tious complications (OR 3.8; 95 % CI 1.9–7.6, p < 0.001)
[19]. It has been reported that the mean duration of
orthopedic surgery in morbidly obese patients was 30 %
longer than in non-obese patients [20]. Moreover, med-
ically stable obese patients were found to be almost
twice as likely to experience delayed fracture fixation
due to preference of the surgeon [20]. In addition,
obesity in critically ill patients is significantly related to a
prolonged duration of mechanical ventilation and inten-
sive care unit length of stay [21, 22]. In this study, al-
though obese patients had a significant lower ISS than
normal-weight patients who had experienced a fall, the
obese patients had a significantly longer in-hospital LOS
than did normal-weight patients. Even after taking ac-
count of possible differences in comorbidity and ISS, the
obese patients have an average 1.54 day longer LOS than
that of normal-weight patients.
Limitation of this study involves the use of a retro-

spective design with its inherent selection bias and the
lack of available data on the circumstances of the
mechanisms of injury. In addition, the patients dead on
hospital arrival or accident scene are not included into
the Trauma Registry Database, thus creating a selection
bias. Moreover, some well-established risk factors, in-
cluding prior falls, inappropriate use of medications, gait
or balance problems, and functional limitations, were
not documented and analyzed in this study. Finally, this
study is only descriptive and, therefore, unable to assess
the effects of any particular treatment intervention; it
could only rely on the assumption that assessment and
management are uniform between obese and normal-
weight populations.

Conclusion
The obese adult patients presented with similar injury to
the body region following a fall in comparison with
normal-weight patients. The obese patients had signifi-
cantly lower ISS but significantly longer in-hospital LOS
than did normal-weight patients. However, mortality, the
percentage of patients admitted to the ICU, and LOS in
the ICU exhibited no statistically significant differences
between obese and normal-weight patients.

Level of evidence
Epidemiological study, level III.
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Use of the reverse shock index for
identifying high-risk patients in a five-level
triage system
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Abstract

Background: The ratio of systolic blood pressure (SBP) to heart rate (HR), called the reverse shock index (RSI),
is used to evaluate the hemodynamic stability of trauma patients. To minimize undertriage in emergency
departments (EDs), we evaluated whether RSI < 1 (i.e., SBP lower than HR) could be used as an additional
variable to identify patients at high risk for more severe injury within a level category of the five-level Taiwan
Triage and Acuity Scales (TTAS) system.

Methods: Data obtained from the Trauma Registry System, including triage level according to the TTAS
system, were retrospectively reviewed for trauma admissions from January 2009 through December 2013 in a
Level I trauma center. In our study, the primary outcomes were injury severity as measured using different
scoring systems, including the Glasgow coma scale (GCS), abbreviated injury scale scores, and the injury
severity score (ISS), and in-hospital mortality. The secondary outcomes were hospital and intensive care unit
(ICU) length of stay (LOS).

Results: Of 10,814 trauma patients, 348 patients (3.2 %) had RSI < 1, whereas 10,466 (96.8 %) had RSI ≥ 1.
Those with RSI < 1 had greater injury severity, a higher incidence of commonly associated injuries, lower GCS
scores, greater deterioration of vital signs, and a higher incidence of procedures those with RSI ≥ 1. Patients
with RSI < 1 also worse outcomes including hospital and ICU LOS, a greater frequency of ICU admission, and
higher in-hospital mortality. Although the five-level TTAS system provides good prioritization of patients with
major trauma, using the additional criterion of RSI < 1 could identify the patients at higher risk within the
same triage level (I–III).

Discussion: The alert of a trauma patient’s SBP being lower than his/her HR (RSI < 1) without the requirement of any
additional equipment makes the concept of RSI particularly valuable in crowded EDs for identifying high-risk patients.
RSI < 1 may serve as a principle trigger for action in the ED to alert trauma surgeons to the need for early intervention
and timely preparation upon patient arrival particularly for those patients triaged in levels II and III of the TTAS system.

Conclusions: RSI < 1 upon arrival at an ED is an alarming sign of an associated worse outcome. Within the same triage
level from level I to level III, patients with RSI < 1 had worse outcomes than those with RSI≥ 1. The inclusion of RSI in
the TTAS system may help to identify patients with more serious injuries who need an upgraded management level.

Keywords: Reverse shock index (RSI), Shock, Injury severity score (ISS), Mortality, Five-level triage system
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Background
In Taiwan, the five-level Taiwan Triage and Acuity
Scales (TTAS) system was adapted from the Canadian
Triage and Acuity Scales (CTAS) and was found to be a
reliable triage system that accurately prioritizes the
treatment of patients in the emergency department (ED)
[1, 2]. The TTAS guidelines recommend a time to phys-
ician assessment based on the triage acuity level accord-
ing to a classification of patients in descending order as
follows: level I, resuscitation; level II, emergency; level
III, urgent; level IV, less urgent; and level V, non-urgent
[3]. It has been estimated that nearly one in three pa-
tients who experienced major trauma were undertriaged
according to an analysis of 36,395 major trauma patients
from the Nationwide Emergency Department Sample of
the United States in 2010 [4]. Accurate triage of trauma
patients is essential for trauma centers to avoid undert-
riage and poorer care or conversely overtriage and wasting
of valuable resources and funding. To minimize undert-
riage, it is of the utmost importance to identify patients
who are at high risk for severe injury; therefore, continu-
ous evaluation of the triage system to provide greater
acuity for use in emergency care is valuable for ensuring
greater patient safety and more timely utilization of appro-
priate ED resources.
Hypovolemic shock is the most common type of shock

in patients who experience traumatic injury. To identify
hypovolemic shock, isolated vital signs such as heart rate
(HR) or systolic blood pressure (SBP) have been revealed
to be unreliable [5, 6]. Tachycardia failed to be useful as
an isolated vital sign to predict the need for interven-
tions commonly associated with hemorrhage control [6].

In addition, because there are compensatory mecha-
nisms to increase cardiac output and maintain tissue
perfusion despite a relatively low blood pressure, the re-
liance on SBP alone may delay recognition of the shock
state [7]; for example, young patients who present with
tachycardia and mild hypotension are at risk of losing
their compensatory mechanisms, and therefore, they may
slip into profound shock [7]. Furthermore, hemorrhagic
shock occurs more rapidly in patients with penetrating in-
juries than in those who experience blunt trauma, and
similar patterns regarding the cardiac index, mean arterial
pressure, pulse oximetry, and transcutaneous oxygen ten-
sion indexed to FiO2 were found [8]. Moreover, different
parameters other than vital signs, such as the Glasgow
coma scale (GCS), are useful for triaging patients with
head injuries [9]. By contrast, the shock index (SI), or the
ratio of HR to SBP, has also been studied as a marker of
significant injury in trauma patients with hypovolemic
shock [10]. The SI upon ED arrival may be considered a
clinical indicator of hypovolemic shock with respect to
transfusion requirements and hemostatic resuscitation
[11]. The SI has been previously emphasized to serve as a
capable measure for assessing hemodynamic instability
[11–15] and identifying patients requiring hospital admis-
sion and/or intensive care therapy despite vital signs that
may not appear strikingly abnormal [16, 17]. When
healthy blood donors were subjected to a defined blood
loss of 450 mL, the SI substantially increased, whereas HR
and SBP, taken as separate values, remained within their
normal ranges [18]. It has been demonstrated that an
abnormal SI portends a worse outcome in critically ill pa-
tients [15]. In addition, patients with SI ≥ 1.0 despite

Fig. 1 Distribution of trauma patients according to the reverse shock index (RSI)
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prehospital crystalloid resuscitation had significantly
higher transfusion requirements and higher mortality than
general major trauma patients [12].
Although the SI is an extremely practical and valuable

predictor of outcome in trauma patients, the calculation
of SI as the ratio of HR to SBP is odd and appears contra-
dictory to the basic concept of shock. Generally, the idea
of an unstable hemodynamic status is impressed upon
practitioners as the patient’s SBP being lower than the HR
but not the HR being higher than the SBP, as indicated by
the SI. Therefore, we prefer to calculate the ratio of SBP
to HR as the reverse shock index (RSI) to evaluate
hemodynamic stability in trauma patients. RSI < 1 indi-
cates that the SBP is lower than the HR, implying that the
patient is probably in shock. Moreover, the RSI could be
used upon the arrival of first responders at the site of in-
jury without any additional calculation or equipment.
To minimize the chance of undertriage, many systems

have adopted extensive lists of variables related to the

mechanism of injury and patient demographics, but they
often have little or no scientific validation. The objective
of this study was to minimize the risk of undertriage in
the ED by evaluating whether RSI < 1 as an additional
variable can identify patients who are at high risk for more
severe injury within a level category of the TTAS system.

Methods
Study design
This retrospective study was conducted at the Kaohsiung
Chang Gung Memorial Hospital, a 2400-bed facility and
Level I regional trauma center that provides care to
trauma patients primarily from South Taiwan. This study
reviewed all 16,548 hospitalized and registered patients
added to the Trauma Registry System from January 1,
2009 to December 31, 2013. During this time, patients
who were transferred from other hospitals were not in-
cluded in the study population because their condition
was generally stable after management or procedures

Table 1 Demographics and injury characteristics of the hospitalized trauma patients

Variables RSI < 1 RSI≧ 1 Odds ratio p

N = 348 N = 10466 (95 % CI)

SBP Mean (mmHg) 90.9±29.0 146.0±29.7 - -

HR Mean (beats/min) 123.4±61.3 86.4±16.0 - -

RSI Mean 0.8±0.2 1.7±0.5 - -

Range 0.0−0.9 1.0−8.1 - -

Gender

Male 255 (73.3) 6631 (63.4) 1.6 (1.25–2.02) <0.001

Female 93 (26.7) 3835 (36.6) 0.6 (0.50–0.80) <0.001

GCS 12.1±4.0 14.4±2.0 – <0.001

≤8 69 (19.8) 411 (3.9) 6.1 (4.57–8.02) <0.001

9–12 36 (10.3) 338 (3.2) 3.5 (2.41–4.96) <0.001

≥13 243 (69.8) 9717 (92.8) 0.2 (0.14–0.23) <0.001

AIS, n (%)

Head/Neck 139 (39.9) 2513 (24.0) 2.1 (1.69–2.62) <0.001

Face 83 (23.9) 1946 (18.6) 1.4 (1.07–1.76) 0.013

Thorax 114 (32.8) 1197 (11.4) 3.8 (3.00–4.76) <0.001

Abdomen 100 (28.7) 652 (6.2) 6.1 (4.75–7.76) <0.001

Extremity 226 (64.9) 7590 (72.5) 0.7 (0.56–0.88) 0.002

ISS, median (IQR) 13 (5–22) 5 (4–9) - <0.001

<16 192 (55.2) 9152 (87.4) 0.2 (0.14–0.22) <0.001

16–24 81 (23.3) 947 (9.0) 3.0 (2.36–3.95) <0.001

≥25 75 (21.6) 367 (3.5) 7.6 (5.74–9.96) <0.001

Mortality 34 (9.8) 103 (1.0) 10.9 (7.28–16.31) <0.001

Ward LOS (days) 17.0±17.8 8.9±9.7 - <0.001

ICU

n (%) 168 (48.3) 1606 (15.3) 5.1 (4.15–6.40) <0.001

LOS (days) 12.3±19.5 8.6±10.2 - <0.001
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had been performed in the previous hospital. In
addition, patients who had incomplete data regarding
vital signs, GCS, or triage level were excluded. In total,
10,814 trauma patients were enrolled in the study. Ap-
proval for this study was obtained from the hospital’s in-
stitutional review board (IRB) with approval numbers
103-4599B and 103-5679B before its initiation. The in-
formed consent requirement was waived according to
the IRB regulations.
Detailed patient information was retrieved from the

Trauma Registry System of our institution, and it included
data regarding triage level according to the TTAS system,
age, sex, vital signs on arrival, GCS score assessed on ar-
rival at the ED, details of procedures performed at the ED
(intubation, chest tube insertion, and blood transfusion),
abbreviated injury scale (AIS) scores for each body region,
injury severity score (ISS), length of stay (LOS) in the hos-
pital, LOS in the intensive care unit (ICU), in-hospital
mortality, and complications associated with the injuries.
The ISS is expressed as the median and interquartile range

(IQR, Q1-Q3). The RSI was calculated as the ratio of SBP
to HR (RSI = SBP/HR). In our study, the primary out-
comes were injury severity as measured using different
scoring systems (GCS, AIS, and ISS) and in-hospital mor-
tality. The secondary outcomes were hospital LOS and
ICU LOS. Odds ratios (ORs) were calculated with 95 %
confidence intervals (CIs).
Data were compared using SPSS version 20 statistical

software (IBM Corporation, Armonk, NY, USA). We
used Pearson’s χ2 test, Fisher’s exact test, or the inde-
pendent Student’s t-test, as applicable. All results are
presented as means ± standard errors. A p-value of <0.05
was considered as statistically significant.

Results
Worse outcomes of patients with RSI < 1
From January 1, 2009 to December 31, 2013, the Trauma
Registry System included 16,548 hospitalized and registered
patients. After excluding 5734 patients who were trans-
ferred from other hospitals or who had incomplete

Fig. 2 The hospital length of stay (LOS) of the trauma patients with reverse shock index (RSI) < 1 (red line) and RSI ≥ 1 (black line)

Table 2 Physiological responses of and procedures underwent by the hospitalized trauma patients

Variables RSI < 1 RSI≧ 1 Odds ratio p

N = 348 N = 10466 (95 % CI)

Physiological response, n (%)

GCS < 13 105 (30.2) 749 (7.2) 5.6 (4.41–7.13) <0.001

Respiratory rate <10 or >29 15 (4.3) 33 (0.3) 14.2 (7.66–26.47) <0.001

Procedures performed, n (%)

Cardiopulmonary resuscitation 12 (3.4) 11 (0.1) 33.9 (14.87–77.48) <0.001

Intubation 82 (23.6) 369 (3.5) 8.4 (6.45–11.03) <0.001

Chest tube insertion 36 (10.3) 172 (1.6) 6.9 (4.74–10.06) <0.001

Blood transfusion 44 (12.6) 264 (2.5) 5.6 (3.99–7.85) <0.001
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data, the study group included 10,814 patients. Of these
patients, 348 patients (3.2 %) had RSI < 1, and 10,466
(96.8 %) had RSI ≥ 1 (Fig. 1). The mean RSIs of the
patients with RSI < 1 and RSI ≥ 1 were 0.8 ± 0.2 and 1.7

± 0.5, respectively (Table 1). A statistically significant
difference regarding sex was found between patients
with RSI < 1 (255 men [73.3 %] and 93 women [26.7 %])
and those with RSI ≥ 1 (6631 men [63.4 %] and 3835

Table 3 Associated injuries of the hospitalized trauma patients

Variables RSI < 1 RSI≧ 1 Odds ratio p

N = 348 N = 10466 (95 % CI)

Head trauma, n (%)

Cranial fracture 37 (10.6) 623 (6.0) 1.9 (1.32–2.67) <0.001

Epidural hematoma (EDH) 22 (6.3) 401 (3.8) 1.7 (1.09–2.64) 0.018

Subdural hematoma (SDH) 38 (10.9) 770 (7.4) 1.5 (1.09–2.18) 0.013

Subarachnoid hemorrhage (SAH) 51 (14.7) 869 (8.3) 1.9 (1.40–2.57) <0.001

Intracerebral hematoma (ICH) 14 (4.0) 169 (1.6) 2.6 (1.47–4.45) 0.001

Cervical vertebral fracture 11 (3.2) 91 (0.9) 3.7 (1.97–7.02) <0.001

Maxillofacial trauma, n (%)

Orbital fracture 3 (0.9) 226 (2.2) 0.4 (0.13–1.24) 0.098

Nasal fracture 6 (1.7) 120 (1.1) 1.5 (0.66–3.46) 0.323

Maxillary fracture 31 (8.9) 680 (6.5) 1.4 (0.97–2.05) 0.074

Mandibular fracture 14 (4.0) 265 (2.5) 1.6 (0.93–2.79) 0.084

Thoracic trauma, n (%)

Rib fracture 56 (16.1) 833 (8.0) 2.2 (1.65–2.98) <0.001

Sternal fracture 3 (0.9) 14 (0.1) 6.5 (1.86–22.69) 0.001

Hemothorax 20 (5.7) 150 (1.4) 4.2 (2.60–6.77) <0.001

Pneumothorax 16 (4.6) 163 (1.6) 3.0 (1.80–5.15) <0.001

Hemopneumothorax 30 (8.6) 125 (1.2) 7.8 (5.16–11.81) <0.001

Lung contusion 15 (4.3) 111 (1.1) 4.2 (2.42–7.28) <0.001

Thoracic vertebral fracture 14 (4.0) 93 (0.9) 4.7 (2.64–8.29) <0.001

Abdominal trauma, n (%)

Intra-abdominal injury 18 (5.2) 126 (1.2) 4.5 (2.70–7.42) <0.001

Hepatic injury 42 (12.1) 182 (1.7) 7.8 (5.44–11.05) <0.001

Splenic injury 26 (7.5) 87 (0.8) 9.6 (6.13–15.14) <0.001

Retroperitoneal injury 10 (2.9) 12 (0.1) 25.8 (11.06–60.07) <0.001

Renal injury 12 (3.4) 45 (0.4) 8.3 (4.34–15.78) <0.001

Urinary bladder injury 3 (0.9) 17 (0.2) 5.3 (1.56–18.32) 0.003

Lumbar vertebral fracture 14 (4.0) 179 (1.7) 2.4 (1.38–4.20) 0.001

Sacral vertebral fracture 7 (2.0) 62 (0.6) 3.4 (1.57–7.58) 0.001

Extremity trauma, n (%)

Scapular fracture 13 (3.7) 160 (1.5) 2.5 (1.41–4.45) 0.001

Humeral fracture 15 (4.3) 468 (4.5) 1.0 (0.57–1.63) 0.886

Radial fracture 28 (8.0) 1069 (10.2) 0.8 (0.52–1.14) 0.188

Ulnar fracture 28 (8.0) 514 (4.9) 1.7 (1.14–2.52) 0.008

Pelvic fracture 44 (12.6) 269 (2.6) 5.5 (3.91–7.70) <0.001

Femoral fracture 57 (16.4) 842 (8.0) 2.2 (1.67–3.00) <0.001

Tibial fracture 37 (10.6) 768 (7.3) 1.5 (1.06–2.13) 0.021

Fibular fracture 26 (7.5) 425 (4.1) 1.9 (1.26–2.88) 0.002

Chuang et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine  (2016) 24:12 Page 5 of 10



women [36.6 %]). There were also significant differ-
ences in GCS scores and the distribution of scores (≤8,
9–12, or ≥13) between the RSI < 1 and RSI ≥ 1 groups.
Analysis of AIS scores revealed that patients with RSI < 1
had significantly higher rates of injuries to the head/neck,
face, thorax, and abdomen, whereas patients with RSI ≥ 1
displayed significantly higher rates of injuries to the ex-
tremities. Comparisons of trauma injury scores of the pa-
tients with RSI < 1 and those with RSI ≥ 1 revealed
significant differences in the ISS between the groups (13
[5–22] vs. 5 [4–9]; p < 0.001) regardless of the stratifica-
tion by injury severity (ISS of <16, 16–24, or ≥25). Like-
wise, we also found significant differences in in-hospital
mortality rates between the two patient groups. The OR
of mortality of the patients with RSI < 1 was 10.9-fold
greater than that of patients with RSI ≥ 1 (95 % CI = 7.28–
16.31). A significantly longer hospital LOS was found
among patients with RSI < 1 than among those with RSI ≥
1 (Fig. 2). Likewise, a significantly larger proportion of
patients with RSI < 1 were admitted to the ICU, and the
ICU LOS was significantly longer in this group. Further-
more, the patients with RSI < 1 exhibited a higher OR for
presenting with worse hemodynamic measures than those
with RSI ≥ 1 (Table 2). These measures included a GCS
score < 13, SBP < 90 mmHg, HR > 100 beats/min, and a
respiratory rate of <10 or >29 times/min. In addition, pa-
tients with RSI < 1 had higher odds for requiring proce-
dures at the ED, including cardiopulmonary resuscitation,
intubation, chest tube insertion, and blood transfusion.
Patients with RSI < 1 had a statistically significantly higher
OR for sustaining multiple types of trauma in the head,
thorax, abdomen, and extremities (Table 3), although
there were no significant differences regarding the rates of
maxillofacial trauma and certain types of extremity trauma
(humeral fracture and radial fractures).

Good prioritization of patients using the TTAS system
The overall study population of 10,814 trauma patients
was triaged into levels I (623 patients), II (3333 patients),
III (6522 patients), IV (314 patients), and V (22 patients).
The comparative injury characteristics between levels I
and II as well as between levels II and III are shown in
Table 4. Differences between sexes were found between
levels II and III (p < 0.001) but not between levels I and
II (p = 0.173). Good prioritization using the five-level
TTAS system was found with significant differences
among patients with major trauma (levels I–III) regard-
ing ISS, hospital LOS, the proportion of patients admit-
ted to the ICU, ICU LOS, and mortality.

Patients with RSI < 1 within levels I–III had worse
outcomes
We compared patients with RSI < 1 and those with RSI ≥
1 in levels I–III (Table 5). In level I, there were 130 pa-
tients with RSI < 1 and 493 patients with RSI ≥ 1. No
sex-related differences were found in this group. The pa-
tients with RSI < 1 had worse outcomes than those with
RSI ≥ 1 regarding ISS and ICU LOS but not hospital
LOS, the proportion of patients admitted to the ICU, or
mortality. In level II, there were 153 patients with RSI <
1 and 3180 patients with RSI ≥ 1. A higher proportion of
male patients had RSI < 1 in this level. The patients with
RSI < 1 had worse outcome than those with RSI ≥ 1 re-
garding ISS, hospital LOS, the proportion of patients ad-
mitted to the ICU, and mortality but not ICU LOS. In
level III, there were 59 patients with RSI < 1 and 6463
patients with RSI ≥ 1. No sex-related differences were
found in this group. The patients with RSI < 1 had worse
outcomes than those with RSI ≥ 1 regarding ISS, hospital
LOS, the proportion of patients admitted to the ICU,
and mortality but not ICU LOS.

Table 4 Comparison of the trauma patients regarding sex and outcomes in levels I–III in the Taiwan Triage and Acuity Scales
system

Variables Triage

I II III IV V

N = 623 N = 3333 I vs. II N = 6522 II vs. III N = 314 N = 22

Odds ratio (95 % CI) p Odds ratio (95 % CI) p

Gender 0.173 <0.001

Male (n, %) 455 (73.0) 2344 (70.3) 1.1 (0.94–1.38) 3899 (59.8) 1.6 (1.46–1.74) 175 (55.7) 13 (59.1)

Female (n, %) 168 (27.0) 989 (29.7) 0.9 (0.72–1.06) 2623 (40.2) 0.6 (0.57–0.69) 139 (44.3) 9 (40.9)

ISS

Median (IQR) 17 (10–25) 8 (4–13) <0.001 4 (4–9) <0.001 4 (4–9) 4 (4–9)

LOS (days) 19.3±19.8 11.3±11.1 <0.001 7.3±7.3 <0.001 7.2±7.1 9.0±8.5

ICU

n (%) 416 (66.8) 809 (24.3) 6.3 (5.21–7.54) <0.001 499 (7.7) 3.9 (3.43–4.37) <0.001 47 (15.0) 3 (13.6)

Days 12.5±14.9 8.3±11.3 <0.001 7.2±7.1 0.040 8.1±8.7 4±2.6

Mortality 96 (15.4) 27 (0.8) 22.3 (14.4–34.5) <0.001 14 (0.2) 3.8 (1.99–7.25) <0.001 0 (0.0) 0 (0.0)
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Inaccurate prioritization of patients with RSI < 1 within
levels II and III in the TTAS system
As shown in Table 6, the 348 trauma patients with RSI < 1
were triaged into levels I (130 patients), II (153 patients),
III (59 patients), IV (5 patients), and V (1 patient). The
comparative injury characteristics between levels I and II

as well as between levels II and III are shown. Sex-
related differences were found between levels II and
III (p = 0.010) but not between levels I and II (p = 0.293).
Good prioritization of trauma patients with RSI < 1 using
the TTAS system was achieved between levels I and II but
not between levels II and III. The difference between
levels I and II was significant concerning ISS, hospital
LOS, the proportion of patients admitted to the ICU, ICU
LOS, and mortality. However, none of these outcome
measurements was significantly different between levels II
and III, implying there was an inaccurate prioritization be-
tween levels II and III for patients with RSI < 1.

Inaccurate prioritization of patients with RSI < 1 within
levels II and III in the TTAS system
To investigate the outcomes of patients with SBP < 90
who were inappropriately triaged to a level other than
level I in the TTAS system, further stratification of 153
patients with RSI < 1 in level II or III using the criterion
SBP < 90 was performed. We found that in level III, no
patient had SBP < 90. In triage level II, there were 67 pa-
tients with RSI < 1 and SBP < 90 and 86 patients with
RSI < 1 and SBP ≥ 90 (Table 7). Notably, these nonhypo-
tensive patients with RSI < 1 who were triaged in level II
displayed significant differences from those with RSI ≥ 1
concerning ISS, hospital LOS, the proportion of patients
admitted to the ICU, and mortality, indicating the RSI < 1
is useful for identifying high-risk patients triaged in level
II who displayed a nonhypotensive status.

Discussion
The assessment and treatment of trauma patients upon
arrival to the ED is essential in the presence of life-
threatening injuries. Prospectively identifying patients
who would benefit from trauma care is essential to the
success of trauma systems. However, this remains an on-
going challenge for prehospital providers and the physi-
cians in attendance in the emergency room, who have
limited data to make the decision. Moreover, this deci-
sion has been clearly illustrated to have implications for
patient outcomes [19]. In this study, we analyzed the in-
jury characteristics of all trauma patients hospitalized in
a Level I trauma center and found that patients who pre-
sented with RSI < 1 had a higher injury severity, a higher
incidence of commonly associated injuries, a worse
physiological response, and a greater frequency of under-
going procedures than those with RSI ≥ 1. Furthermore,
patients with RSI < 1 also had worse outcomes including
hospital and ICU LOS, the proportion of patients admit-
ted to the ICU, and in-hospital mortality. Moreover, al-
though we found that the five-level TTAS system could
provide good prioritization of patients with major
trauma, within the same triage level from level I to level

Table 5 Sex and outcomes of the trauma patients with reverse
shock index (RSI) < 1 or RSI ≥ 1 in levels I–III of the Taiwan
Triage and Acuity Scales system

Triage: I RSI < 1 RSI≧ 1 Odds ratio p

Variables N = 130 N = 493 (95 % CI)

Gender 0.990

Male (n, %) 95 (73.1) 360 (73.0) 1.0 (0.65–1.55)

Female (n, %) 35 (26.9) 133 (27.0) 1.0 (0.65–1.54)

ISS

Median (IQR) 20 (12–29) 17 (9–25) - 0.007

LOS days 21.8±22.9 18.7±18.8 - 0.102

ICU

n (%) 92 (70.8) 324 (65.7) 1.3 (0.83–1.92) 0.277

Days 15.5±22.9 11.7±11.5 - 0.030

Mortality 26 (20.0) 70 (14.2) 1.5 (0.92–2.49) 0.105

Triage: II RSI < 1 RSI≧ 1 Odds ratio p

Variables N = 153 N = 3180 (95 % CI)

Gender 0.025

Male (n, %) 120 (78.4) 2224 (69.9) 1.6 (1.06–2.32)

Female (n, %) 33 (21.6) 956 (30.1) 0.6 (0.43–0.95)

ISS

Median (IQR) 10 (4–17) 6 (4–13) - <0.001

LOS days 15.0±14.3 11.1±10.9 - <0.001

ICU

n (%) 61 (39.9) 748 (23.5) 2.2 (1.54–3.01) <0.001

days 8.8±14.8 8.2±11.0 - 0.698

Mortality 7 (4.6) 20 (0.6) 7.2 (2.98–17.31) <0.001

Triage III RSI < 1 RSI≧ 1 Odds ratio p

Variables N = 59 N = 6463 (95 % CI)

Gender 0.846

Male (n, %) 36 (61.0) 3863 (59.8) 1.1 (0.62–1.78)

Female (n, %) 23 (39.0) 2600 (40.2) 0.9 (0.56–1.61)

ISS

Median (IQR) 5 (4–16) 4 (4–9) - <0.001

LOS days 12.2±10.4 7.2±7.2 - <0.001

ICU

n (%) 15 (25.4) 484 (7.5) 4.2 (2.33–7.62) <0.001

Days 7.0±6.9 7.2±7.2 - 0.932

Mortality 1 (1.7) 13 (0.2) 8.5 (1.09–66.15) 0.041
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III, patients with RSI < 1 had worse outcomes than those
with RSI ≥ 1.
Under the circumstance of many patients waiting in

crowded EDs for hours before being evaluated [20], tri-
age tools are expected to have high sensitivity in dis-
criminating emergency conditions in terms of risk
management for the care of trauma patients. However, it
is also important for triage systems to balance both patient
safety and system efficiency. In a study of the reproducibil-
ity of the five-level CTAS, the overall interrater agreement
was moderate among five experienced nurses, with a glo-
bal κ of 0.44 (95 % CI = 0.40–0.48) [21]. It has been re-
ported that through years of practice, nurses might
interpret and integrate the CTAS differently, developing
an individualized usage of the tool, which also could lead

to lower interrater reliability [21]. The diversity among
several aspects of nursing triage may point to a safety risk
for patients. One of the major benefits of using the RSI for
evaluation at the ED is that it can be used quickly when
first responders arrive without the requirement of any
additional equipment or cost. Following the advanced
trauma life support paradigm of “keep algorithms simple,”
RSI < 1 may serve as a principle trigger for action in the
ED. RSI < 1 also can alert trauma surgeons to the need for
early intervention and timely preparation upon patient ar-
rival. In this study, the OR for mortality of the entire
trauma patient population with RSI < 1 was more than 10-
fold greater than that of patients with RSI ≥ 1. In addition,
the ORs for mortality of the patients with RSI < 1 were ap-
proximately 8.5- and 7.2-fold greater than those for pa-
tients with RSI ≥ 1 in triage levels III and II, respectively.
The inclusion of the RSI in the TTAS triage system may
help to identify patients with serious injuries who need an
upgraded management level and avert morbidity or mor-
tality after a severe injury. Even if we are unable to identify
reductions of morbidity and mortality after addition of the
RSI in the TTAS triage system, we may conservatively
assume they exist. However, a prospective study is war-
ranted to validate the aforementioned hypothesis.
In this study, good prioritization of the five-level

TTAS system is found with significant differences
among patients with major trauma (levels I–III). How-
ever, inaccurate prioritization in levels II and III of the
TTAS system was found when the patients had RSI < 1.
The middle group (level III) is most problematic because
it includes the greatest number of patients, but this
group had a relatively low mortality rate. These findings
may result in physicians not paying close attention to
these patients to avoid using limited resources that could
be reserved for other potentially sicker patients, which

Table 7 Comparison of trauma patients with reverse shock
index (RSI) < 1 and systolic blood pressure ≥ 90 with those with
RSI≥ 1 in level II

Triage II RSI < 1 RSI > 1 Odds ratio p

Variables SBP≧ 90 n = 3180 (95 % CI)

n = 86

Gender

Male (n, %) 72 (83.7) 2224 (69.9) 2.2 (1.24–3.94) 0.006

Female (n, %) 14 (16.3) 956 (30.1) 0.5 (0.25–0.81) 0.006

ISS

Median (IQR) 10 (4–18) 6 (4–13) - <0.001

LOS

Days 15.8±15.3 11.1±10.9 - 0.006

LOS in ICU

n (%) 36 (41.9) 748 (23.5) 2.3 (1.51–3.62) <0.001

Days 10.3±18.4 8.2±11.0 - 0.499

Mortality 10 (11.6) 20 (0.6) 20.8 (9.41–45.92) <0.001

Table 6 (RSI < 1). Comparison of the trauma patients with reverse shock index < 1 in levels I–III in the Taiwan Triage and Acuity
Scales system

Variables Triage

I II III IV V

N = 130 N = 153 I vs. II N = 59 II vs. III N = 5 N = 1

Odds ratio (95 % CI) p Odds ratio (95 % CI) p

Gender 0.293 0.010

Male (n, %) 95 (73.1) 120 (78.4) 0.7 (0.43–1.29) 36 (61.0) 2.3 (1.21–4.45) 3 (60.0) 1 (100)

Female (n, %) 35 (26.9) 33 (21.6) 1.3 (0.78–2.31) 23 (39.0) 0.4 (0.23–0.82) 2 (40.0) 0 (0)

ISS

Median (IQR) 20 (12–29) 10 (4–17) <0.001 5 (4–16) 0.098 5 (3–14) 10 (10–10)

LOS (days) 21.8±22.9 15.0±14.3 0.002 12.2±10.4 0.169 4.3±9.6 11-

ICU

n (%) 92 (70.8) 61 (39.9) 3.7 (2.22–6.01) <0.001 15 (25.4) 1.9 (1.00–3.80) 0.051 0 (0) 0 (0)

Days 15.5±22.9 8.8±14.8 0.046 7.0±6.9 0.648 – –

Mortality 26 (20.0) 7 (4.6) 5.2 (2.18–12.47) <0.001 1 (1.7) 2.8 (0.34–23.10) 0.324 0 (0) 0 (0)
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that may make the physician less alert and make the lim-
ited resources being taken away from other potentially
sicker patients [22]. The original recommendation of
those endorsing the TTAS was that level III patients
should be evaluated by a physician within 30–60 min.
This recommendation is likely to be safe for these pa-
tients. Unfortunately, there are instances in which level
III patients may wait for hours in a crowded ED before
they are actually placed in a treatment area and evalu-
ated by a physician. In this study, level III comprised
60 % of all patients, but this group had a low mortality
rate (0.2 %). If these higher-risk level III patients are
reassigned to level II by delineating the high-risk group
of patients using RSI < 1 as an additional criterion, one
would expect that placing these patients in a higher tri-
age category may reduce delays in their evaluation and
treatment and subsequently reduce the morbidity associ-
ated with such delays. Although different parameters
such as age [23, 24], GCS [9], injury mechanisms [25],
and injury regions [26] appear to be outcome predictors
of trauma patients irrespective of vital signs, the alert of
a trauma patient’s SBP being lower than his/her HR (RSI
< 1) without the requirement of any additional equip-
ment makes the concept of RSI particularly valuable in
crowded EDs for identifying high-risk patients.
Our analysis has several limitations. First, our data

were collected prospectively as part of the required
trauma registry process, but our questionnaires and ana-
lyses were performed retrospectively, making them sub-
ject to the limitations of all retrospective studies.
Second, injured patients who died prior to arrival at the
hospital or who were discharged from the ED were not
included in the sample, which could result in bias. Third,
the impact of pre-existing comorbidities on the course
of hospitalization and mortality remains unclear. In
addition, the lack of available data regarding the circum-
stances of the injury and the factors influencing the
decision-making regarding patient management may
have biased the outcome, particularly because the study
population was limited to a single urban trauma center.
Last, some important data other than LOS and mortal-
ity, including costs, delays in treatment, and complica-
tions, were not evaluated, and these data may provide
limited information concerning the outcome evaluation.

Conclusion
Our analysis of data on trauma admissions at a Level I
trauma center spanning 5 years indicated that patients
with RSI < 1 had worse outcomes including hospital and
ICU LOS, the proportion of patients admitted to the
ICU, and in-hospital mortality. Although the five-level
TTAS system could provide good prioritization of pa-
tients with major trauma, within the same triage level
(I–III), the patients with RSI < 1 had worse outcomes

than those with RSI ≥ 1. The inclusion of the RSI in the
TTAS triage system may help to identify the patients
with serious injuries who need to be shifted to a higher
triage category.
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Abstract: To investigate the injury characteristics and mortality of patients transported by emergency
medical services (EMS) and hospitalized for trauma following a road traffic crash, data obtained from
the Trauma Registry System were retrospectively reviewed for trauma admissions between 1 January
2009 and 31 December 2013 in a Level I trauma center. Of 16,548 registered patients, 3978 and 1440
patients injured in road traffic crashes were transported to the emergency department by EMS and
non-EMS, respectively. Patients transported by EMS had lower Glasgow coma scale (GCS) scores
and worse hemodynamic measures. Compared to patients transported by non-EMS, more patients
transported by EMS required procedures (intubation, chest tube insertion, and blood transfusion) at
the emergency department. They also sustained a higher injury severity, as measured by the injury
severity score (ISS) and the new injury severity score (NISS). Lastly, in-hospital mortality was higher
among the EMS than the non-EMS group (1.8% vs. 0.3%, respectively; p < 0.001). However, we found
no statistically significant difference in the adjusted odds ratio (AOR) for mortality among patients
transported by EMS after adjustment for ISS (AOR 4.9, 95% CI 0.33–2.26), indicating that the higher
incidence of mortality was likely attributed to the patients’ higher injury severity. In addition, after
propensity score matching, logistic regression of 58 well-matched pairs did not show a significant
influence of transportation by EMS on mortality (OR: 0.578, 95% CI: 0.132–2.541 p = 0.468).

Keywords: emergency medical services (EMS); injury severity score (ISS); mortality

1. Background

Emergency medical services (EMS) are responsible for transporting victims of motor vehicle
accidents to local emergency departments. Burt et al. reported that approximately 82% of injured
patients were brought to emergency departments and trauma centers by means other than the
ambulance [1]. However, another study reported that only close to 10% of injured patients arrived at
trauma centers by private vehicle [2].
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Although pre-hospital EMS play a major role in any trauma system, some studies have suggested
that certain interventions performed by EMS providers might delay transport to definitive care,
or might be associated with worsened outcomes, or both [3–5]. Existing data have suggested that
private vehicle transport of injured patients may be associated with improved survival compared
with transport by EMS [6]. However, their study did not have enough statistical power to detect a
difference in mortality rates [6]. In a retrospective cohort study of state trauma registry data of patients
admitted to all Pennsylvania trauma centers over five years, overall injury severity and mortality were
higher among patients transported by EMS than among those transported by private vehicle [2]. Even
after adjusting for injury severity, patients transported by EMS were twice as likely to die as patients
transported by private vehicle [2]. The debate regarding the association of EMS transportation with
higher mortality is yet to be settled, particularly as it is commonly believed that more highly trained
EMS providers are able to care better for injured patients, are more readily able to identify acute illness,
and can transport patients to the hospital faster than a private person.

In the United States, EMS may be fire department- or hospital-based, whereas in Taiwan, EMS are
exclusively fire department-based. In Taiwan, ground transportation is typically the only means of
transportation in both rural and urban areas, with few exceptions (accidents or disasters occurring on
a mountain or on the sea) [7]. Although there are some private ambulance companies in Taiwan,
they mostly assist with non-emergencies, transfers of stable patients between hospitals, or the
transportation of the dead. In the past, EMS in Taiwan have focused on transporting patients to
hospitals. In 1995, Taiwan’s Congress passed EMS laws to regulate EMS providers’ licensing and
mandated that every local fire department had to set up emergency medical technician (EMT)-I, -II,
and -P (paramedic) teams in its jurisdiction. The EMT-1 provides vital sign measurement, basic
life support (BLS) skills, and automated external defibrillator (AED) operation. The EMT-2 level
provides additional electrocardiography (ECG) monitoring, application of the laryngeal mask and
pneumatic anti-shock garment, and some medications, e.g., intravenous saline or oral glucose water
supplement [8]. Furthermore, the EMT-P can provide advanced life support (ALS) [8]. However,
limited information about the involvement of EMS in transporting patients injured in motor vehicle
accidents in Taiwan is available. To address this issue, our aim was to describe the characteristics
and outcomes of patients injured in road traffic crashes and transported to the hospital by EMS. We
compared the outcomes of patients transported by EMS (EMS group) with the outcomes of those
transported by friends, relatives, bystanders, or who drove themselves (non-EMS group) in a Level I
trauma center over a five-year period using data from a population-based trauma registry.

2. Methods

Study Design

The study was conducted at the Kaohsiung Chang Gung Memorial Hospital, a 2400-bed facility
and Level I regional trauma center that provides care to trauma patients primarily from South Taiwan.
Approval for this study was obtained from the institutional review board (IRB) of Chang Gung
Memorial Hospital with the approval number 103-4088B before its initiation. An informed consent
was waived according to the regulation of IRB.

This retrospective study was designed to review all 16,548 hospitalized and registered patients
added to the Trauma Registry System from 1 January 2009 to 31 December 2013, and select cases
that met the following inclusion criteria: (1) involvement in a traffic crash; (2) transportation by
EMS or non-EMS vehicles (including friends, relatives, bystanders, and patients driving themselves;
not including police) and (3) admittance due to the traffic crashes. The exclusion criteria included:
(1) patients who were transferred from other hospitals because their condition was generally stable after
the examinations or procedures that had been performed in the previous hospital; and (2) incomplete
registered data. During this time, 5729 trauma patients were transported to the hospital by EMS and
5436 patients by non-EMS. Of these patients, a total of 3978 (69.4%) were involved in a traffic crash
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and transported to the emergency department by EMS. For comparison, data on 1440 (26.5%) patients
transported by non-EMS were also collected.

Detailed patient information was retrieved from the Trauma Registry System of our institution
and included data regarding the transfer by EMS, age, sex, vital signs on arrival, the Glasgow coma
scale (GCS) score assessed on arrival at the emergency department, details of procedures performed at
the emergency department (intubation, chest tube insertion, and blood transfusion), abbreviated injury
scale (AIS) scores for each body region, injury severity scores (ISS), new injury severity scores (NISS),
trauma and injury severity scores (TRISS), length of stay (LOS) in the hospital, LOS in the intensive
care unit (ICU LOS), in-hospital mortality, and complications associated with the injuries.

Adjusted odds ratios (AORs) and 95% confidence intervals (CI) for mortality stratified by ISS
were calculated. A blood alcohol concentration (BAC) level of 50 mg/dL or higher at the time of arrival
at the hospital was defined as positive based on the legal limit for drivers in Taiwan. In our study, the
primary outcomes were injury severity as measured by different scoring system (GCS, AIS, ISS, NISS,
and TRISS) and in-hospital mortality. The secondary outcomes were LOS and ICU LOS.

Data were compared using the SPSS v. 20 statistical software (IBM Corporation, Armonk, NY,
USA). We used the Pearson’s chi-squared test, Fisher’s exact test, or independent Student’s t-test, as
applicable. To minimize confounding effects due to nonrandomized assignment in the assessment
of mortality, propensity scores were calculated using a logistic regression model and the following
covariates: age, alcohol intoxication (Alcohol > 50 mg/dL), GCS, injury to the regions of head/neck,
thorax, abdomen, or extremity based on AIS, and ISS. A 1:1 matched study group was created by
the Greedy method with NCSS software (NCSS 10, NCSS Statistical software, Kaysville, UT, USA).
After amending these confounding factors, binary logistic regression was used in the evaluation of
interventional factor of obesity on mortality. All results are presented as means ˘ standard errors.
A p-value of <0.05 was considered as statistically significant.

3. Results

Patient Characteristics

The mean ages of the 3978 patients transported by EMS and 1440 by non-EMS following a road
traffic crash were 44.1˘ 19.3 and 43.6˘ 20.1 years, respectively (Table 1). Fewer patients aged 0–9 years
were noted among those transported by EMS than non-EMS (1.0% vs. 2.6%, respectively; p < 0.001).
A statistically significant difference regarding sex was found between patients transported by EMS
(2220 [55.8%] men and 1758 [44.2%] women) and patients transported by non-EMS (849 [59.0%] men
and 591 [41.0%] women). Most injured patients were motorcyclists; among these, 81.5% (n = 3243) were
transported by EMS and 74.2% (n = 1068) by non-EMS. There were significantly more motorcyclists
among patients transported by EMS than among those transported by non-EMS (p < 0.001). In contrast,
significantly more bicyclists were transported by non-EMS than by EMS. The majority of patients in
both groups (EMS and non-EMS) arrived at the emergency department between 5 p.m. and 11 p.m.;
however, more patients transported by EMS than non-EMS arrived during this time period. In contrast,
more patients transported by non-EMS than EMS arrived between 7 a.m. and 5 p.m. A positive
BAC was more frequent among patients transported by EMS than those transported by non-EMS
(10.0% vs. 5.0%, respectively; p < 0.001). Of the 3978 patients transported by EMS, the transport times
(18.3 ˘ 7.9 min, range 2–89 min) and procedures performed by the EMT were recorded for 3813 (95.9%)
patients (Table 2).
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Table 1. Demographics of patients transported by Emergency Medical Services (EMS) and non-EMS.

Variables
EMS, n (%) Non-EMS, n (%) Odds Ratio

(95% CI)
p

N = 3978 N = 1440

Age 44.1 ˘ 19.3 43.6 ˘ 20.1 0.058

Age category (years)

0–9 38 (1.0) 38 (2.6) 0.4 (0.23–0.56) <0.001
10–19 440 (11.1) 166 (11.5) 1.0 (0.79–1.15) 0.630
20–29 725 (18.2) 241 (16.7) 1.1 (0.85–1.30) 0.206
30–39 480 (12.1) 177 (12.3) 1.0 (0.82–1.18) 0.822
40–49 562 (14.1) 189 (13.1) 1.1 (0.91–1.30) 0.345
50–59 747 (18.8) 274 (19.0) 1.0 (0.84–1.15) 0.836
60–69 588 (14.8) 201 (14.0) 1.1 (0.90–1.27) 0.448
70–79 305 (7.7) 122 (8.5) 0.9 (0.72–1.12) 0.331
80–89 86 (2.2) 32 (2.2) 1.0 (0.65–1.47) 0.893
ě90 7 (0.2) 0 (0.0) 0.111

Gender 0.9 (0.78–0.99) 0.039

Male 2220 (55.8) 849 (59.0)
Female 1758 (44.2) 591 (41.0)

Mechanism

Driver of mobile 78 (2.0) 21 (1.5) 1.4 (0.83–2.20) 0.223
Passenger of mobile 42 (1.1) 13 (0.9) 1.2 (0.63–2.19) 0.620
Driver of motorcycle 3243 (81.5) 1068 (74.2) 1.5 (1.33–1.77) <0.001

Passenger of motorcycle 217 (5.5) 91 (6.3) 0.9 (0.66–1.10) 0.225
Bicycle 235 (5.9) 202 (14.0) 0.4 (0.32–0.47) <0.001

Pedestrian 159 (4.0) 45 (3.1) 1.3 (0.92–1.81) 0.136
Unspecific 4 (0.1) 0 (0.0) 0.229

Time

7:00–17:00 607 (15.3) 256 (17.8) 0.8 (0.71–0.98) 0.025
17:00–23:00 2207 (55.5) 748 (51.9) 1.2 (1.02–1.30) 0.021
23:00–7:00 1164 (29.3) 436 (30.2) 1.0 (0.84–1.09) 0.499

BAC > 50 mg/dL 398 (10.0) 72 (5.0) 2.1 (1.64–2.74) <0.001

Table 2. Transport time and procedures performed by emergency medical technicians (EMTs).

Variables EMS, n (%) N = 3813

Transport time
Mean (mins) 18.3 ˘ 7.9
Range (mins) 2–89

Procedures performed by EMT
Intubation 0 (0)

Oxygenation 220 (5.8)
Cardiopulmonary resuscitation 9 (0.2)

Airway 35 (0.9)
Neck collar 1065 (27.9)
Backboard 1093 (28.7)

Spinal immobilizer 15 (0.4)
Splint 1104 (29.0)

Bandage 2581 (67.7)

We found a significant difference in GCS scores (14.1 ˘ 2.4 vs. 14.8 ˘ 1.2, respectively; p < 0.001)
and the distribution of scores among the patients (GCS ď 8, 9–12, or ě13) between the EMS and
non-EMS groups (Table 3). Patients transported by EMS had lower GCS scores than those transported
by non-EMS, and a higher proportion of patients with a GCS score of either ď8 or between 9–12 were
found among this group. Our analysis of AIS scores revealed that patients transported by EMS had
sustained significantly higher rates of injuries to the head/neck, face, thorax, and abdomen, while
patients transported by non-EMS sustained significantly higher rates injuries to the extremities. The
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comparison of trauma injury scores between the EMS and non-EMS groups indicated significant
differences regarding the ISS (9.7 ˘ 7.7 vs. 6.4 ˘ 4.5, respectively; p < 0.001). When stratified by injury
severity (ISS of <16, 16–24, or ě25), more patients in the EMS than the non-EMS group had an ISS
between 16 and 24 or an ISS of ě25. In contrast, more patients transported by non-EMS than EMS had
an ISS of <16. Likewise, we also found significant differences regarding the NISS (11.4˘ 9.2 vs. 7.1˘ 5.2,
respectively; p < 0.001), TRISS (0.960 ˘ 0.112 vs. 0.979 ˘ 0.069, respectively; p < 0.001), and in-hospital
mortality rates (1.8% vs. 0.3%, respectively; p < 0.001) between the two patient groups. However,
after adjustment for ISS, we found no significantly different adjusted odds ratio (AOR) for patient
mortality between the patients transported by EMS (AOR 4.9, 95% CI 0.33–2.26). In addition, after a 1:1
propensity score matching, 58 well-balanced pairs of patients were available for outcome comparison
(Table 4) and logistic regression analysis did not show a significant influence of transportation by EMS
on mortality (OR: 0.578, 95% CI: 0.132–2.541 p = 0.468), indicating that the differences in injury severity,
but not the transportation method, between the two groups of patients may have been responsible for
their different mortality rates.

Patients transported by EMS exhibited higher odds ratios (ORs) for presenting with worse
hemodynamic measures than patients transported by non-EMS. These measures included a systolic
blood pressure (SBP) of <90 mmHg, heart rate of >100 beats/min, respiratory rate of <10 or >29
times/min, and shock index of >0.9 (Table 4). In addition, patients transported by EMS had higher
odds for requiring procedures at the emergency department, including intubation, chest tube insertion,
and blood transfusion.

Table 3. Injury characteristics, physiological status on arrival, and procedures performed at the
emergency department of patients transported by Emergency Medical Services (EMS) and non-EMS.

Variables
EMS, n (%) Non-EMS, n (%) Odds Ratio p

N = 3978 N = 1440 (95% CI)

Injury characteristics

GCS 14.1 ˘ 2.4 14.8 ˘ 1.2 <0.001
ď8 229 (5.8) 16 (1.1) 5.4 (3.26–9.06) <0.001

9–12 203 (5.1) 10 (0.7) 7.7 (4.06–14.55) <0.001
ě13 3546 (89.1) 1414 (98.2) 0.2 (0.10–0.23) <0.001

AIS

Head/Neck 1407 (35.4) 230 (16.0) 2.9 (0.47–3.36) <0.001
Face 912 (22.9) 228 (15.8) 1.6 (1.35–1.86) <0.001

Thorax 647 (16.3) 187 (13.0) 1.3 (1.09–1.56) 0.003
Abdomen 268 (6.7) 73 (5.1) 1.4 (1.04–1.77) 0.026
Extremity 2965 (74.5) 1137 (79.0) 0.8 (0.67–0.90) 0.001

ISS 9.7 ˘ 7.7 6.4 ˘ 4.5 <0.001
<16 3266 (82.1) 1370 (95.1) 0.2 (0.18–0.30) <0.001

16–24 499 (12.5) 56 (3.9) 3.5 (2.67–4.71) <0.001
ě25 213 (5.4) 14 (1.0) 5.8 (3.34–9.93) <0.001
NISS 11.4 ˘ 9.2 7.1 ˘ 5.2 <0.001
TRISS 0.960 ˘ 0.112 0.979 ˘ 0.069 <0.001

Mortality 73 (1.8) 5 (0.3) 5.4 (2.16–13.30) <0.001

Physiology at ER, n (%)

SBP < 90 mmHg 120 (3.0) 18 (0.6) 4.9 (3.01–8.14) <0.001
Heart rate > 100 beats/min 719 (17.9) 293 (10.0) 1.9 (1.68–2.25) <0.001
Respiratory rate <10 or >29 37 (0.9) 3 (0.1) 9.0 (2.78–29.25) <0.001

Shock index > 0.9 254 (6.3) 68 (2.3) 2.8 (2.15–3.70) <0.001

Procedures at ER, n (%)

Intubation 170 (4.2) 4 (0.1) 32.1 (11.90–86.65) <0.001
Chest tube insertion 65 (1.6) 21 (0.7) 2.3 (1.40–3.77) 0.001

Blood transfusion 158 (3.9) 15 (0.5) 7.9 (4.64–13.45) <0.001



Int. J. Environ. Res. Public Health 2016, 13, 236 6 of 12

Table 4. Significant covariates of the patients transported by Emergency Medical Services (EMS) and
non-EMS before and after propensity score matching (1:1 matching).

Variables
Before Matching After Matching

Death
n = 78

Survival
n = 5340

Odds Ratio
(95%) p Death

n = 58
Survival

n = 58
Odds Ratio

(95%) p

Age 56.6 ˘ 19.8 43.8 ˘ 19.5 - <0.001 56.1 ˘ 19.7 54.8 ˘ 17.5 - 0.713
BAC > 50 16 (20.5) 478 (9.0) 2.6 (1.5–4.6) <0.001 10 (17.2) 10 (17.2) 1.0 (0.4–2.6) 1.000

GCS 7.1 ˘ 4.4 14.4 ˘ 1.9 - <0.001 7.9 ˘ 4.4 8.3 ˘ 4.6 - 0.611
AIS, n (%)
Head/Neck 67 (85.9) 1570 (29.4) 14.6 (7.7–27.8) <0.001 50 (86.2) 50 (86.2) 1.0 (0.4–2.9) 1.000

Thorax 33 (42.3) 801 (15.0) 4.2 (2.6–6.6) <0.001 22 (37.9) 22 (37.9) 1.0 (0.5–2.1) 1.000
Abdomen 12 (15.4) 329 (6.2) 2.8 (1.5–5.2) 0.001 10 (17.2) 10 (17.2) 1.0 (0.4–2.6) 1.000
Extremity 36 (46.2) 4066 (76.1) 0.3 (0.2–0.4) <0.001 29 (50.0) 29 (50.0) 1.0 (0.5–2.1) 1.000

ISS 32.3 ˘ 17.7 8.5 ˘ 6.2 - <0.001 24.7 ˘ 8.0 24.6 ˘ 8.3 - 0.927

The findings regarding the injuries associated with the road traffic crashes are listed in the
Supplementary Table S1. In summary, the patients transported by EMS had statistically significantly
higher ORs for sustaining certain types of head/neck trauma (cranial fractures, epidural hematomas,
subdural hematomas, subarachnoid hemorrhages, intracerebral hematomas, and cerebral contusions),
maxillofacial trauma (maxillary and nasal fractures), thoracic trauma (hemothorax, lung contusions),
abdominal trauma (intra-abdominal and hepatic injuries), and extremity trauma (humeral, pelvic,
femoral, tibial, and fibular fractures). In contrast, they had significantly lower odds of sustaining
clavicle, radial, or metacarpal fractures.

As shown in Table 5, a significantly longer LOS in the hospital was found among patients
transported by EMS than among those transported by private vehicle (9.6 days vs. 6.1 days, respectively;
p < 0.001). When stratified by injury severity, a significantly longer LOS in the hospital was found in
the EMS than the non-EMS group for patients with an ISS of <16 (8.2 days vs. 5.9 days, respectively;
p < 0.001) and between 16 and 24 (14.4 days vs. 10.0 days, respectively; p = 0.008). No statistically
significant difference in the LOS in the hospital was found for patients with an ISS of ě25 between the
two groups. A significantly larger proportion of patients transported by EMS was admitted to the ICU
(18.9% vs. 5.0%, respectively; p < 0.001) regardless of stratification into either group of injury severity
(ISS of <16, 16–24, or ě25). However, there was no significant difference between EMS and non-EMS
patients regarding the LOS in the ICU.

Table 5. Length of stay in the hospital and the intensive care unit (ICU) of patients transported by
Emergency Medical Services (EMS) and non-EMS.

Variables ISS EMS N = 3978 Non-EMS N = 1440 Odds Ratio (95% CI) p

Hospital LOS

days 9.6 ˘ 9.7 6.1 ˘ 6.2 <0.001
<16 8.2 ˘ 7.6 5.9 ˘ 6.0 <0.001

16–24 14.4 ˘ 13.0 10.0 ˘ 6.8 0.008
ě25 19.9 ˘ 17.5 14.6 ˘ 11.3 0.155

ICU LOS

n (%) 750 (18.9) 72 (5.0) 4.4 (3.44–5.67) <0.001
<16 234 (7.2) 42 (3.1) 2.4 (1.75–3.41) <0.001

16–24 334 (66.9) 21 (37.5) 3.4 (1.90–5.98) <0.001
ě25 182 (85.4) 9 (64.3) 3.3 (1.03–10.38) 0.036

days 7.1 ˘ 9.0 5.8 ˘ 7.6 0.441

Further analysis of the EMS patients revealed the mortality of 73 patients and the survival of
3905 patients (Table 6). The mean ages of the EMS patients who died and those who survived were
57.0 ˘ 19.7 and 43.9 ˘ 19.2 years, respectively (p < 0.001). No statistically significant difference
regarding sex or transport times was found between the death and the survivors. A positive BAC
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was more frequent among the EMS patients who died than those who survived (21.9% vs. 9.9%,
respectively; p = 0.001). The comparison of trauma injury scores between the dead and the survivors
indicated significant differences regarding the ISS (32.9 ˘ 18.1 vs. 9.3 ˘ 6.6, respectively; p < 0.001).
When stratified by injury severity, more of the EMS patients who died had an ISS between 16 and 24 or
an ISS of ě25 than ones who survived. By contrast, more of the surviving EMS patients had an ISS
of <16. Regarding the injuries commonly associated with mortality, the EMS patients who died had
statistically significantly higher ORs for epidural hematomas, subdural hematomas, subarachnoid
hemorrhages, cerebral contusions, hemothorax, pneumothorax, hemopneumothorax, hepatic injuries,
and retroperitoneal injury. However, they had no significantly higher odds of sustaining splenic injury,
renal injury, pelvic fracture, and femoral fracture.

Table 6. Injury characteristics of death and survival patients that had been transported by Emergency
Medical Services (EMS).

Variables Death
n = 73

Survival
n = 3905

Odds Ratio
(95% CI) p

Age 57.0 ˘ 19.7 43.9 ˘ 19.2 – <0.001

Gender

Male 47 (64.4) 2173 (55.6) 1.4 (0.89–2.34) 0.136
Female 26 (35.6) 1732 (44.4) 0.7 (0.43–1.13) 0.136

Transport time

Mean (mins) 21.8 ˘ 6.6 22.5 ˘ 9.6 – 0.520
Range (mins) 12–36 4–192 – –

BAC > 50 mg/dL 16 (21.9) 386 (9.9) 2.6 (1.46–4.50) 0.001
ISS 32.9 ˘ 18.1 9.3 ˘ 6.6 – <0.001
<16 5 (6.8) 3261 (83.5) 0.02 (0.01–0.04) <0.001

16–24 15 (20.5) 484 (12.4) 1.8 (1.03–3.25) 0.037
ě25 53 (72.6) 160 (4.1) 62.0 (36.21–106.24) <0.001

Diagnosis

Epidural hematoma (EDH) 18 (24.7) 196 (5.0) 6.2 (3.57–10.75) <0.001
Subdural hematoma (SDH) 39 (53.4) 399 (10.2) 10.1 (6.29–16.15) <0.001

Subarachnoid hemorrhage (SAH) 34 (46.6) 485 (12.4) 6.1 (3.84–9.83) <0.001
Intracerebral hematoma (ICH) 11 (15.1) 86 (2.2) 7.9 (4.01–15.49) <0.001

Cerebral contusion 17 (23.3) 217 (5.6) 5.2 (2.95–9.03) <0.001
Hemothorax 6 (8.2) 67 (1.7) 5.1 (2.15–12.24) <0.001

Pneumothorax 4 (5.5) 76 (1.9) 2.9 (1.04–8.21) 0.033
Hemopneumothorax 5 (6.8) 47 (1.2) 6.0 (2.33–15.65) <0.001

Hepatic injury 8 (11.0) 95 (2.4) 4.9 (2.30–10.58) <0.001
Splenic injury 2 (2.7) 45 (1.2) 2.4 (0.58–10.15) 0.214

Retroperitoneal injury 1 (1.4) 6 (0.2) 9.0 (1.07–75.93) 0.014
Pelvic fracture 5 (6.8) 142 (3.6) 1.9 (0.77–4.91) 0.149

Femoral fracture 9 (12.3) 482 (12.3) 1.0 (0.49–2.02) 0.997

4. Discussion

This study analyzed patient demographics and the characteristics of injuries observed in the
trauma population transported to a Level I trauma center by EMS vs. non-EMS following road traffic
crashes. Patients transported by EMS not only had a higher injury severity but also presented with
worse physiological conditions (lower GCS scores, deteriorated vital signs, and higher shock index;
all of which were statistically significant). In addition, procedures including intubation, chest tube
insertion, and blood transfusion were more frequently performed in the EMS than the non-EMS group.
Patients transported by EMS presented with a bodily injury pattern that differed from that of patients
transported by non-EMS. Higher rates of injuries to the head/neck, face, thorax, and abdomen were
found in patients transported by EMS, while patients transported by non-EMS sustained significantly
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higher rates of injuries to their extremities. The EMS group also had significantly higher odds of
sustaining a variety of injuries but lower odds of sustaining clavicle, radial, and metacarpal fractures.
Notably, patients transported by EMS tended to have injuries making it hard for them to drive
themselves to the hospital (e.g., higher BACs, an unstable hemodynamic status, a variety of traumatic
brain injuries, hemothorax, lung contusions, or lower limb fractures). In contrast, injuries to the
extremities (e.g., fractures of the clavicle, radius, or metacarpus) may impair patients’ ability to drive
themselves to a lesser extent. Our results are generally in agreement with those reported in the
literature that overall injury severity is higher in patients transported by EMS [2,6], indicating those
severely-injured patients may prefer a transportation by EMS. Moreover, the death EMS patients were
older, tend to have a positive BAC, and as expected, were injured severely and had higher ORs of most
of the common associated lethal illness.

With a much larger decline in prehospital than in-hospital trauma deaths after the implementation
of the statewide EMS system, the EMS have been suggested to contributed to a significant decline
in the number of trauma deaths [9]. The establishment of the state trauma system is associated with
a 9% reduction in the risk of death caused by motor vehicle crash [10]. In contrast, some authors
had reported a 1.6-fold higher in-hospital mortality of the patients transported by EMS, even after
adjustment by injury severity (p = 0.002) [6]. Subgroup analysis showed that among patients with
an ISS of >15, those in the EMS group had a mortality rate twice that of those in the non-EMS group
(28.8% vs. 14.1%, respectively) [6]. Other reports similarly showed that mortality was higher among
patients transported by EMS than among those transported by private vehicle [1,5]. However, in a
prospective cohort-matched observation study, mortality, complications, and length of hospital stay
were similar between the EMS- and non-EMS-transported groups [11]. In our study, we found no
significantly different AOR for mortality among patients transported by EMS after the adjustment for
ISS. The further comparison of 58 well-matched pairs of fatal patients after propensity score matching
also did not show a significant influence of transportation by EMS on mortality. This indicates that the
difference in injury severity may be responsible for the higher mortality rates and the involvement
of EMS in this current condition did not decrease the mortality of these injured patients. However,
given the limitations of a retrospective study of the registry data, our results should be interpreted
with caution, particularly in consideration of the different trauma system and environmental factors.
First, regarding the role of advanced life support (ALS) provided by EMS, it has also been reported
that 76.3% of patients being transported by EMS received ALS and 23.7% basic life support (BLS) care
in the United States [2]. Patients transported by EMS and receiving ALS and BLS pre-hospital care
were more likely to die than those who were transported by private vehicle (ALS: OR 2.0, 95% CI
1.6–2.5; BLS: OR 1.6, 95% CI 1.2–2.0) after adjusting for injury severity [2]. According to an assessment
of 12,502 EMS calls in urban Taipei, Taiwan, only 7.41% of the patients received ALS cases (ECG
monitoring accounted for 3.13%, IV injections for 0.73%, and cardiopulmonary resuscitation (CPR) for
3.55%) [12]. In general, the ALS demand was estimated at around 9%–16% of EMS calls in Taipei [13,14].
The lower incidence of ALS demand may be attributed partly to fewer EMT-Ps in Taiwan (only 310
EMT-Ps across the country in 2008) [8], and partly to relatively less severe injuries in a crowded city,
with motorcycle accidents predominant [15,16]. This fact may be reflected by a lower percentage of
EMS personnel performing ALS on patients than prior reports [13,14]; only nine (0.2%) EMS patients
received CPR, and no EMS patient received intubation. In addition, the in-hospital mortality rates for
patients transported by EMS (1.8%) and non-EMS (0.3%) in our study were markedly lower than those
reported in the literature. Second, it was reported previously that increased EMS pre-hospital time
adversely affects patient mortality after motor vehicle accidents [2,17–19]. Critically injured patients
(with an ISS ofě13) transported by non-EMS arrived at the trauma center faster than those transported
by EMS (15 min vs. 28 min, respectively; p < 0.05) [11]. Swift transport is particularly beneficial for
neurotrauma and hemodynamically unstable penetratingly injured patients [20]. According to an
evaluation carried out in Taipei, the response time of EMS was around 4 min on average [21] and the
average transport time was about 12 min according to government data from January 2009 to June
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2009 [7]. In this study, ALS vs. BLS does not make a difference especially when the field interventions
are limited, but short transport time, prevention of secondary injuries, and basic life support may
improve the survival of patients with severe injuries, who might have a poor outcome if transported
through other means. However, the lack of recorded data for patients transported by non-EMS and
response times (the time period from notification to arrival at the scene of a road traffic crash) impedes
the further analysis of pre-hospital care. Considering that the majority of motorcycles are forbidden
on highways in Asian cities and that most traffic crashes occur in relatively crowded streets in these
cities, the question of whether the discrepancy between our findings and those of prior studies can
be attributed to the involvement of EMS per se or to the relatively low velocity in most motorcycle
injuries in the Asian region requires further investigation. The number of fatalities in the two groups
of patients was too small to perform a powerful statistical analysis from which conclusions could have
been drawn. Finally, the severely-injured patients who did not survive until arrival at the hospital and
those patients who received ALS but were transferred from other hospitals were not included in the
sample, thus probably making the number of ALS cases transported by EMS lower than expected.
Clearly, the association between pre-hospital care by EMS and outcomes for injured patients is not
well understood yet.

Our analysis has several limitations. First, our data were collected prospectively as part of the
required trauma registry process, but our questionnaires and analyses were performed retrospectively
and are thus subject to the limitations of all retrospective studies. Second, the process of selecting
hospitals by EMS providers in trauma systems is affected by several factors other than field triage
protocols [22]. In this study, the overall higher injury severity in patients transported by EMS suggested
that severely injured patients prefer transportation by EMS; however, the lack of available data
regarding the circumstances of the injury and the factors influencing the decision-making regarding a
transfer to the emergency department by EMS vs. non-EMS may result in a bias, particularly as the
study population was limited to a single urban trauma center. Third, injured patients who did not
survive until arrival at the hospital or who were discharged from the emergency department were not
included in the sample. It is conceivable that civilians typically do not obey pre-hospital trauma triage
guidelines and may preferentially transfer injured patients to the closest hospital, and not necessarily a
trauma center. In addition, death outside of our study sample is more prominent among non-EMS
transports, resulting in a survival bias. Lastly, the impact of pre-existing comorbidities in the studied
populations on the hospitalization course and mortality remains unclear.

Strengths and Limitations of This Study

‚ Patients transported by EMS had lower GCS scores, worse hemodynamic measures, and higher
injury severity.

‚ More required procedures (intubation, chest tube insertion, and blood transfusion) at the
emergency department were encountered in patients transported by EMS.

‚ Higher incidence of mortality in the patients transported by EMS was likely attributed to the
patients’ higher injury severity.

‚ In this study, the lack of available data regarding the circumstances of the injury and the factors
influencing the decision-making regarding a transfer to the emergency department by EMS vs.
non-EMS may have led to selection bias.

5. Conclusions

Our analysis of the data on trauma admissions at a Level I trauma center spanning five years
indicates that patients transported by EMS presented with a bodily injury pattern that differed from that
of patients transported by non-EMS. Patients transported by EMS were shown to have a higher injury
severity, worse outcomes, and higher mortality. However, no significant influence of transportation by
EMS or non-EMS on mortality was found after adjustment for ISS or after propensity score matching,
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indicating that the higher mortality rates associated with EMS may be attributed to a difference in
injury severity.

Supplementary Materials

Table S1. Injuries of the patients transported by Emergency Medical Services (EMS) and non-EMS.

Variables EMS, n (%)
N = 3978

Non-EMS, n (%)
N = 1440

Odds Ratio
(95% CI) p

Head/Neck trauma

Neurologic deficit 28 (0.7) 6 (0.4) 1.7 (0.70–4.10) 0.237
Cranial fracture 323 (8.1) 47 (3.3) 2.6 (1.88–3.49) <0.001

Epidural hematoma (EDH) 214 (5.4) 16 (1.1) 5.1 (3.05–8.48) <0.001
Subdural hematoma (SDH) 438 (11.0) 35 (2.4) 5.0 (3.50–7.05) <0.001

Subarachnoid hemorrhage (SAH) 519 (13.0) 50 (3.5) 4.2 (3.10–5.61) <0.001
Intracerebral hematoma (ICH) 97 (2.4) 10 (0.7) 3.6 (1.86–6.87) <0.001

Cerebral contusion 234 (5.9) 34 (2.4) 2.6 (1.79–3.72) <0.001
Cervical vertebral fracture 24 (0.6) 6 (0.4) 1.5 (0.59–3.56) 0.413

Maxillofacial trauma

Orbital fracture 88 (2.2) 23 (1.6) 1.4 (0.88–2.21) 0.158
Maxillary fracture 322 (8.1) 81 (5.6) 1.5 (1.15–1.90) 0.002

Mandibular fracture 100 (2.5) 25 (1.7) 1.5 (0.94–2.27) 0.092
Nasal fracture 60 (1.5) 7 (0.5) 3.1 (1.43–6.87) 0.003

Thoracic trauma

Rib fracture 466 (11.7) 145 (10.1) 1.2 (0.97–1.44) 0.091
Sternal fracture 4 (0.1) 1 (0.1) 1.4 (0.16–12.97) 0.739

Hemothorax 73 (1.8) 15 (1.0) 1.8 (1.02–3.11) 0.041
Pneumothorax 80 (2.0) 22 (1.5) 1.3 (0.82–2.13) 0.248

Hemopneumothorax 52 (1.3) 15 (1.0) 1.3 (0.71–2.24) 0.435
Lung contusion 57 (1.4) 5 (0.3) 4.2 (1.67–10.43) 0.001

Thoracic vertebral fracture 26 (0.7) 6 (0.4) 1.6 (0.65–3.83) 0.315

Abdominal trauma

Intra-abdominal injury 71 (1.8) 11 (0.8) 2.4 (1.25–4.47) 0.007
Hepatic injury 103 (2.6) 17 (1.2) 2.2 (1.33–3.73) 0.002
Splenic injury 47 (1.2) 19 (1.3) 0.9 (0.52–1.53) 0.683

Retroperitoneal injury 7 (0.2) 3 (0.2) 0.8 (0.22–3.27) 0.806
Renal injury 14 (0.4) 6 (0.4) 0.8 (0.32–2.20) 0.729

Urinary bladder injury 7 (0.2) 2 (0.1) 1.3 (0.26–6.11) 0.767
Lumbar vertebral fracture 42 (1.1) 13 (0.9) 1.2 (0.63–2.19) 0.620
Sacral vertebral fracture 24 (0.6) 4 (0.3) 2.2 (0.76–6.29) 0.140

Extremity trauma

Scapular fracture 96 (2.4) 27 (1.9) 1.3 (0.84–1.99) 0.240
Clavicle fracture 495 (12.4) 229 (15.9) 0.8 (0.63–0.89) 0.001
Humeral fracture 213 (5.4) 15 (1.0) 5.4 (3.17–9.11) <0.001

Radial fracture 400 (10.1) 203 (14.1) 0.7 (0.57–0.82) <0.001
Ulnar fracture 205 (5.2) 87 (6.0) 0.8 (0.65–1.09) 0.201

Metacarpal fracture 118 (3.0) 74 (5.1) 0.6 (0.42–0.76) <0.001
Pelvic fracture 147 (3.7) 12 (0.8) 4.6 (2.53–8.25) <0.001

Femoral fracture 491 (12.3) 107 (7.4) 1.8 (1.41–2.19) <0.001
Patella fracture 111 (2.8) 32 (2.2) 1.3 (0.85–1.88) 0.249
Tibial fracture 504 (12.7) 78 (5.4) 2.5 (1.98–3.24) <0.001

Fibular fracture 295 (7.4) 36 (2.5) 3.1 (2.20–3.44) <0.001
Calcaneal fracture 250 (6.3) 72 (5.0) 1.3 (0.98–1.68) 0.072
Metatarsal fracture 115 (2.9) 30 (2.1) 1.4 (0.93–2.10) 0.104
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Abbreviations

ALS Advanced life support
AORs Adjusted odd ratios
AIS Abbreviated injury scale
BLS Basic life support
BAC Blood alcohol concentration
CI Confidence intervals
EMS Emergency medical services
EMT Emergency medical technician
GCS Glasgow coma scale
ICU Intensive care unit
ISS Injury severity score
LOS Length of stay
NISS New injury severity scores
SBP Systolic blood pressure
TRISS Trauma and injury severity scores
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Abstract

Background: The adverse impact of obesity has been extensively studied in the general population; however, the
added risk of obesity on trauma-related mortality remains controversial. This study investigated and compared
mortality as well injury patterns and length of stay (LOS) in obese and normal-weight patients hospitalized for
trauma in the hospital and intensive care unit (ICU) of a Level I trauma center in southern Taiwan.

Methods: Detailed data of 880 obese adult patients with body mass index (BMI) ≥ 30 kg/m2 and 5391
normal-weight adult patients (25 > BMI ≥ 18.5 kg/m2) who had sustained a trauma injury between January 1,
2009 and December 31, 2013were retrieved from the Trauma Registry System. Pearson’s chi-squared, Fisher’s
exact, and independent Student’s t-tests were used to compare differences between groups. Propensity score
matching with logistic regression was used to evaluate the effect of obesity on mortality.

Results: In this study, obese patients were more often men, motorcycle riders and pedestrians, and had a
lower proportion of alcohol intoxication compared to normal-weight patients. Analysis of Abbreviated Injury
Scale scores revealed that obese trauma patients presented with a higher rate of injury to the thorax, but a
lower rate of facial injuries than normal-weight patients. No significant differences were found between obese
and normal-weight patients regarding Injury Severity Score (ISS), Trauma-Injury Severity Score (TRISS), mortality,
the proportion of patients admitted to the ICU, or LOS in ICU. After propensity score matching, logistic
regression of 66 well-matched pairs did not show a significant influence of obesity on mortality (odds ratio:
1.51, 95 % confidence interval: 0.54–4.23 p = 0.438). However, significantly longer hospital LOS (10.6 vs.
9.5 days, respectively, p = 0.044) was observed in obese patients than in normal-weight patients, particularly
obese patients with pelvic, tibial, or fibular fractures.

Conclusion: Compared to normal-weight patients, obese patients presented with different injury
characteristics and bodily injury patterns but no difference in mortality.
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Background
The rising prevalence of obesity has been described as a
global pandemic [1, 2]. According to data from the
United States National Health and Nutrition Examin-
ation Survey, more than one-third of adults were obese
in 2011-2012 [3]. In Taiwan, the prevalence of over-
weight and obesity among adults increased from 33 to
44 % according to the results of the Nutrition and
Health Survey conducted by the Taiwanese government
between 1993 and 1996 and between and 2008 [4]. It is
projected that by 2020, three in four Americans and
seven of ten British citizens will be overweight [5].
Elevated body mass index (BMI) had been suggested to
intensify the energy dissipated in a crash and therefore
potentially increase vulnerability to serious injury or
death [6]. Some investigations have reported that trauma
induces excessive persistent inflammatory response,
which could amplify the adverse effects of critical illness
in obese patients [7, 8]. Likewise, obesity in trauma
patients is reportedly associated with increased compli-
cations and worse outcomes [9–11]. Obese trauma pa-
tients are more likely to require mechanical ventilation,
develop multiple organ failure, and spend more time in
intensive care units (ICUs) [12, 13].
The most researched outcome related to trauma pa-

tients is mortality, which is the most serious outcome on
the spectrum. However, the evidence for the relationship
between trauma-related mortality and obesity is conflict-
ing [14]. Several studies have reported an association
between obesity and mortality [7, 10, 15, 16], and meta-
analyses that pool multiple studies support the hypothesis
that obesity results in higher mortality among patients
with traumatic injuries; however, these associations are
much less profound [9], and several other studies found
no difference in mortality [17–22].
Increased understanding of the epidemiology of

trauma is vital in order for local trauma systems to
cope with a rising number of obese patients. In
Taiwan, the mechanism of traumatic injury differs
from that of Western countries, with motorcycle acci-
dents comprising the majority of trauma injuries that
require admission to the hospital, followed by falls
and motor vehicle accidents [23–25]. Although almost
all motorcycles are forbidden on highways in Taiwan
and most traffic accidents occur in relatively crowded
streets at relatively low velocities [23], a previous
study indicated that motorcyclist fatalities still ac-
count for nearly 60 % of all driving fatalities in
Taiwan [26]. Because the mechanism of traumatic in-
jury in Taiwan is distinct from that in many Western
countries, the main aim of this study was to investi-
gate and compare mortality rates as well injury pat-
terns and length of stay (LOS) in hospital or intensive
care units (ICUs) between obese and normal-weight

patients hospitalized for treatment of traumatic injur-
ies in a Level I trauma center in southern Taiwan.

Methods
Ethics statement
This study was pre-approved by the Institutional
Review Board (IRB) of the Chang Gung Memorial
Hospital (approval number 103-7105B). Informed con-
sent was waived according to IRB regulations.

Study design
This retrospective study reviewed all data added to
the Trauma Registry System from January 1, 2009 to
December 31, 2013 in a 2400-bed facility and Level I
regional trauma center that provides care to trauma
patients primarily from southern Taiwan. The inclusion
criteria were (1) obese patients with BMI ≥ 30 kg/m2 and
normal-weight patients with BMI < 25 but ≥ 18.5 kg/m2

according definitions from the World Health Organization
[27, 28], and (2) hospitalization for treatment of traumatic
injury. To compare injury patterns, mechanisms, severity,
and mortality of obese patients to those of normal-weight
patients hospitalized for trauma, we reviewed all 16,548
hospitalized and registered patients added to the Trauma
Registry System from January 1, 2009 to December 31,
2013. Detailed patient information was retrieved from the
Trauma Registry System of our institution, including data
regarding age, sex, admission vital signs, transportation,
injury mechanism, initial Glasgow Coma Scale (GCS) in
the emergency department, Abbreviated Injury Scale
(AIS) severity score for each body region, Injury Severity
Score (ISS), New ISS (NISS), Trauma-ISS (TRISS), hos-
pital length of stay (LOS), LOS in ICU, in-hospital mortal-
ity, and rates of associated complications. Pre-existing
comorbidities and chronic diseases including diabetes
mellitus (DM), hypertension (HTN), coronary artery dis-
eases (CAD), congestive heart failure (CHF), cerebrovas-
cular accident (CVA), and end-stage renal disease (ESRD)
were also identified. Methods of transportation included
patient transfer to hospital by fire-based emergency med-
ical services (EMS), private vehicle (including friends, rela-
tives, bystanders, and patients driving themselves), or
transfer from other hospitals or clinics by hospital-based
ambulance. In this study, the primary outcome was the in-
jury severity according to different scoring system (GCS,
AIS, ISS, NISS, TRISS), while the secondary outcome was
LOS, LOS in ICU, and in-hospital mortality. Blood alcohol
concentration (BAC) of 50 mg/dL at the time of arrival to
the hospital was defined as a cut-off values and the legal
limit for drivers in Taiwan. Odd ratios (ORs) of the associ-
ated conditions and injuries of obese and normal-weight
patients involved in motorcycle accidents were calculated
with 95 % confidence intervals (CIs). The data collected
regarding the combined population of drivers and pillions
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(riders) were compared using IBM SPSS Statistics for
Windows, version 20.0 (IBM Corp., Armonk, NY, USA) to
perform Pearson’s chi-squared, Fisher’s exact, or inde-
pendent Student’s t-tests, as applicable. To minimize con-
founding effects due to nonrandomized assignment in the
assessment of mortality, propensity scores were calculated
using a logistic regression model and the following covari-
ates: age; HTN; alcohol intoxication (BAC > 50 mg/dL);
GCS; injuries to the head/neck, thorax, or extremities
based on AIS; and ISS. A 1:1 matched study group was
created by the Greedy method with NCSS software (NCSS
10, NCSS Statistical software, Kaysville, Utah). After
amending these confounding factors, binary logistic re-
gression was used in the evaluation of interventional fac-
tor of obesity on mortality. All results are presented as
means ± standard errors. P-values less than 0.05 were con-
sidered statistically significant.

Results
Injury characteristics of obese patients
Among 9553 adult patients, 880 (9.2 %) and 5391(56.4 %)
were obese and normal weight, respectively (Table 1).
Among these, we found were significantly more obese
men and normal-weight women. The mean ages of the
obese and normal-weight patients were 42.8 ± 13.4
and 42.9 ± 13.8 years, respectively (Table 1). Signifi-
cantly higher incidence rates of pre-existing comor-
bidities and chronic diseases including DM (OR 2.5,
95 % CI 1.99–3.03; p < 0.001), HTN (OR 3.1, 95 % CI
2.62–3.67; p < 0.001), and CHF (OR 3.8, 95 % CI
1.57–9.18; p = 0.005) were found among obese pa-
tients than among normal-weight patients. No differ-
ences in transportation methods were found between
obese and normal-weight patients. Among obese adult
patients, motorcycle drivers were most commonly admit-
ted (51.4 %), followed by falls (17.6 %) and unspecified
traumatic injuries (14.9 %). There were no significant dif-
ferences between groups in the time of arrival at the emer-
gency department. Positive BAC was less frequent among
obese patients than among normal-weight patients (7.0 vs.
9.3 %, respectively; p = 0.032).

Injury severity among obese patients
As shown in Table 1, GCS scores were significantly
higher in obese patients than in normal-weight patients
(14.5 ± 2.0 vs. 14.3 ± 2.2, respectively, p = 0.041). How-
ever, the difference was less than 1 point. The most
common GCS among patients in both groups (obese
and normal-weight adults) were ≥13. However, fewer
obese adult patients had a GCS ≤ 8 compared to those
of normal-weight patients (3.1 vs. 4.8 %, respectively,
p = 0.023). Analysis of AIS revealed that obese pa-
tients had sustained significantly higher rates of thor-
acic injury (14.8 vs. 11.6 %, respectively, p = 0.007)

than normal-weight patients, while normal-weight pa-
tients had sustained significantly higher rates of facial
injury (19.6 vs. 15.6 %, respectively, p = 0.005). No sig-
nificant differences were found between obese and
normal-weight adult patients regarding ISS (regardless
of injury severity subgroup), NISS, TRISS, and in-
hospital mortality. After propensity score matching,
66 well-balanced pairs of patients were used for out-
come comparison. In these propensity score-matched
patients, there was no significant difference in age;
HTN; alcohol intoxication (BAC > 50 mg/dL); GCS;
injury to head/neck, thorax, or extremities based on
AIS; and ISS (Table 2). In addition, logistic regression
analysis did not show that obesity significantly influenced
mortality (OR: 1.51, 95 % CI: 0.54–4.23 p = 0.438). How-
ever, obese patients had significantly longer hospital LOS
than normal-weight adult patients (10.6 vs. 9.2 days, re-
spectively, p < 0.001). No significant differences were
found regarding the proportion of patients admitted to
the ICU (16.9 vs. 16.4 %, respectively, p = 0.692) or LOS in
the ICU (9.2 vs. 8.8 days, respectively, p = 0.660), regard-
less of injury severity.

Physiological response and procedures performed in the
emergency room
Obese patients exhibited higher ORs for presenting
to the emergency room with worse measures of
heart rate (OR 1.5, 95 % CI 1.25–1.75; p < 0.001)
than normal-weight patients (Table 3). There were
no significant differences in other measures, including
GCS < 13, systolic blood pressure (SBP) < 90 mmHg, or
respiratory rate < 10 or > 29. In addition, obese adult pa-
tients had lower odds of requiring intubation in the emer-
gency department (OR 0.5, 95 % CI 0.27–0.98; p = 0.041),
but there were no significant differences in cardiopulmo-
nary resuscitation, chest tube insertion, and blood transfu-
sion between obese and normal-weight patients.

Associated injuries among obese patients
Additional file 1: Table S1 shows the incidence of as-
sociated injuries in obese and normal-weight adult pa-
tients. A significantly lower percentage of obese
patients had sustained cranial, maxillary, mandibular,
pneumothorax, and clavicle fractures (Table 4). In
contrast, a significantly higher percentage of obese
patients had sustained humeral fractures (OR = 2.1,
95 % CI = 1.62–2.82; p < 0.001). Additional file 1:
Table S2 shows the LOS in hospital for obese and
normal-weight patients. As shown in Table 5, the
LOS in hospital was significantly longer in obese patients
with pelvic (25.8 vs. 17.0 days, respectively, p = 0.010), tib-
ial (19.8 vs. 13.6 days, respectively, p = 0.002), and fibular
fractures (18.3 vs. 13.6 days, respectively, p = 0.027), than
in normal-weight patients. However, the LOS in hospital
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Table 1 Demographics and injury characteristics of obese and normal-weight adult trauma patients

Variables Obese BMI≥ 30
n = 880

Normal 25 > BMI≥ 18.5
n = 5391

Odds ratio
(95 %)

P

Gender

Male 599(68.1) 3279(60.8) 1.4(1.18–1.60) <0.001

Female 281(31.9) 2112(39.2) 0.7(0.63–0.85) <0.001

Age 42.8 ± 13.4 42.9 ± 13.8 — 0.907

Comorbidity

DM 136(15.5) 374(6.9) 2.5(1.99–3.03) <0.001

HTN 249(28.3) 609(11.3) 3.1(2.62–3.67) <0.001

CAD 13(1.5) 46(0.9) 1.7(0.94–3.24) 0.075

CHF 8(0.9) 13(0.2) 3.8(1.57–9.18) 0.005

CVA 15(1.7) 67(1.2) 1.4(0.78–2.42) 0.264

ESRD 0(0.0) 5(0.1) — 1.000

Transpose, n(%)

EMS 341(38.8) 2007(37.2) 1.1(0.92–1.24) 0.387

Private vehicle 240(27.3) 1628(30.2) 0.9(0.74–1.02) 0.078

Transferred 299(34.0) 1756(32.6) 1.1(0.92–1.24) 0.411

Mechanism, n(%)

Motor vehicle driver 23(2.6) 98(1.8) 1.5(0.92–2.30) 0.112

Motor vehicle passenger 13(1.5) 51(0.9) 1.6(0.85–2.90) 0.146

Motorcycle driver 452(51.4) 2559(47.5) 1.2(1.01–1.35) 0.032

Motorcycle pillion 14(1.6) 142(2.6) 0.6(0.34–1.04) 0.065

Bicycle 19(2.2) 166(3.1) 0.7(0.43–1.12) 0.135

Pedestrian 6(0.7) 94(1.7) 0.4(0.17–0.89) 0.020

Fall 155(17.6) 1061(19.7) 0.9(0.72–1.05) 0.150

Penetrating injury 39(4.4) 330(6.1) 0.7(0.51–1.00) 0.053

Burn 28(3.2) 155(2.9) 1.1(0.74–1.67) 0.616

Struck by/against 131(14.9) 735(13.6) 1.1(0.91–1.36) 0.318

Alcohol > 50, n(%) 62(7.0) 500(9.3) 0.7(0.56–0.98) 0.032

Time, n(%)

7:00–17:00 515(58.5) 2964(55.0) 1.2(1.00–1.34) 0.053

17:00–23:00 228(25.9) 1529(28.4) 0.9(0.75–1.04) 0.133

23:00–7:00 137(15.6) 898(16.7) 0.9(0.76–1.12) 0.420

GCS 14.5 ± 2.0 14.3 ± 2.2 — 0.041

≤ 8 27(3.1) 258(4.8) 0.6(0.42–0.94) 0.023

9–12 38(4.3) 192(3.6) 1.2(0.86–1.74) 0.268

≥ 13 815(92.6) 4941(91.7) 1.1(0.87–1.50) 0.336

AIS, n(%)

Head/Neck 195(22.2) 1349(25.0) 0.9(0.72–1.01) 0.067

Face 137(15.6) 1055(19.6) 0.8(0.62–0.92) 0.005

Thorax 130(14.8) 625(11.6) 1.3(1.08–1.62) 0.007

Abdomen 64(7.3) 356(6.6) 1.1(0.84–1.46) 0.462

Extremity 659(74.9) 3952(73.3) 1.1(0.92–1.28) 0.325
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was significantly shorter in obese patients with cerebral
contusions and orbital fractures.

Discussion
This study compared the demographics and characteris-
tics of injuries observed in a population of obese adult
patients to those of normal-weight patients hospitalized
at a Level I trauma center. The results of this study indi-
cate that obese patients were more often men, more
often motorcycle riders and pedestrians, and were less
often positive for alcohol intoxication than normal-
weight patients. Compared to normal-weight patients,
obese patients presented with different bodily injury pat-
terns and had longer hospital stays, particularly for those
obese patients with pelvic, tibial, and fibular fractures.

Importantly, logistic regression analysis of well-matched
pairs after propensity score matching did not show a
significant influence of obesity on mortality.
In this study, positive BAC was less frequently ob-

served among obese patients (7.0 vs. 9.3 %, respectively;
p = 0.032). In the United States, approximately one-third
of adult men and women had the co-occurrence of obes-
ity and alcohol use [29]. Unsurprisingly, the prevalence
of this high-risk behavior of excessive alcohol use may
also contribute to excess body weight [29]. It is un-
known whether the reduced frequency of alcohol intoxi-
cation among the obese patients in this study was due to
their behavior at the time of injury or because more al-
cohol is necessary to reach the same BAC in a heavier
body [30]. This study also revealed that obese adult

Table 1 Demographics and injury characteristics of obese and normal-weight adult trauma patients (Continued)

ISS 8.2 ± 7.3 8.2 ± 7.2 — 0.790

< 16 754(85.7) 4621(85.7) 1.0(0.81–1.22) 0.978

16–24 82(9.3) 541(10.0) 0.9(0.72–1.18) 0.510

≥ 25 44(5.0) 229(4.2) 1.2(0.85–1.65) 0.311

NISS 9.6 ± 8.7 9.5 ± 8.8 — 0.712

TRISS 0.971 ± 0.093 0.968 ± 0.102 — 0.347

Mortality, n(%) 11(1.3) 63(1.2) 1.1(0.56–2.04) 0.836

LOS (days) 10.6 ± 11.3 9.2 ± 10.0 — <0.001

ICU

Patients, n(%) 149(16.9) 884(16.4) 1.0(0.86–1.26) 0.692

< 16 63(7.2) 353(6.5) 1.1(0.83–1.45) 0.499

16–24 49(5.6) 335(6.2) 0.9(0.65–1.21) 0.459

≥ 25 37(4.2) 196(3.6) 1.2(0.81–1.67) 0.408

LOS in ICU (days) 9.2 ± 9.7 8.8 ± 11.0 — 0.660

< 16 7.5 ± 6.3 8.7 ± 9.6 — 0.355

16–24 7.7 ± 8.6 7.0 ± 10.6 — 0.689

≥ 25 14.2 ± 13.7 12.1 ± 13.2 — 0.371

Table 2 Significant covariates of obese and normal-weight patients before and after propensity score matching (1:1 matching)

Before matching After matching

Variables Death
n = 74

Survival
n = 6197

Odds ratio
(95 %)

P Death
n = 66

Survival
n = 66

Odds ratio
(95 %)

P

Age 50.0 ± 12.5 42.8 ± 13.7 — <0.001 49.9 ± 12.7 48.7 ± 12.7 — 0.509

HTN 16(21.6) 842(13.6) 1.8(1.00–3.07) 0.046 15(22.7) 15(22.7) 1.0(0.44–2.26)

Alcohol > 50, n(%) 15(20.3) 547(8.8) 2.6(1.48–4.66) 0.001 12(18.2) 12(18.2) 1.0(0.41–2.42)

GCS 6.3 ± 4.5 14.4 ± 2.0 — <0.001 6.7 ± 4.6 7.4 ± 4.6 — 0.257

AIS, n(%)

Head/Neck 65(87.8) 1479(23.9) 23.0(11.45–46.37) <0.001 58(87.9) 58(87.9) 1.0(0.35–2.84)

Thorax 15(20.3) 740(11.9) 1.9(1.06–3.32) 0.029 13(19.7) 13(19.7) 1.0(0.42–2.36)

Extremity 21(28.4) 4590(74.1) 0.1(0.08–0.23) <0.001 19(28.8) 19(28.8) 1.0(0.47–2.13)

ISS 30.6 ± 17.9 7.9 ± 6.5 — <0.001 25.7 ± 11.0 23.8 ± 10.5 — 0.124
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patients had lower odds of requiring intubation in the
emergency department. Notably, obese patients have
anatomic and physiologic characteristics that make their
intubation more challenging; however, in a study of 1435
intubated patients evaluated during a 3-year study
period, BMI was not an independent risk factor for failed
intubations (in the field or in emergency departments),
post-intubation airway complications, or death [31].
Obesity has significant implications for the patterns of

injury. Some authors have reported that obese trauma
patients sustain more pelvic, rib, and lower extremity
fractures, but fewer liver injuries, mandibular fractures,
and cerebral injuries [18]. Other studies have demon-
strated a similar pattern of fewer head injuries, but more
chest and lower extremity injuries [17]. Some studies
have demonstrated that obese women are at increased
risk of ankle, leg, humerus, and vertebral column frac-
tures and a lower risk of wrist, hip, and pelvis fractures
compared to non-obese women [32]; however, multiple
rib fractures are associated with obesity in men [32]. In
this study, obese patients presented with facial injuries
at a lower rate, but presented with a higher rate of injury
to the thorax compared to rates in normal-weight pa-
tients. Obese patients also had different associated injur-
ies, including fewer cranial, maxillary, mandibular,
clavicle, and pneumothorax fractures, as well as more
humoral fractures, than normal-weight patients. The

results of this study are similar to those of a prior study
that demonstrated no difference between obese and lean
patients in the type of traumatic brain injury, including
cerebral contusion, epidural hematoma (EDH), sub-
arachnoid hemorrhage (SAH), and subdural hematoma
(SDH) in a retrospective review of all blunt trauma pa-
tients admitted to the ICU at a Level I trauma center
[33]. Although increased chances of maximum head in-
jury (AIS = 6) among obese patients (RR 1.97; 95 % CI:
1.52–2.55; p = 0.003) were reported in a study of only
drivers or passengers [34], fewer head injuries (42 versus
55 %; p = 0.0001) were noted in a study of the outcomes
of 1153 critically injured blunt trauma patients [17]. In
the current study, more than half of the traumatic injur-
ies were motorcycle accidents, with very few motor ve-
hicle accidents, an injury pattern very different from
those reported in Western countries. In motorcycle acci-
dents, patients are protected only by their helmets, un-
like the protection provided by cars. However, in car
accidents, obese occupants do not sit in the same pos-
ition as non-obese occupants; thus, restraint systems in-
cluding seatbelt and airbags are not optimized for
occupants of all anthropometries [34].
Likewise, obese blunt trauma victims are more likely

to suffer pulmonary contusion as well as pelvic, extrem-
ity, and rib fractures [18]. Some authors reported that
severely injured obese blunt trauma patients had more

Table 3 Physiological response and procedures performed upon arrival at the emergency department

Variables Obese BMI≥ 30
n = 880

Normal 25 > BMI≥ 18.5
n = 5391

Odds ratio
(95 %)

P

Physiology at ER, n(%)

GCS < 13 65(7.4) 450(8.3) 0.9(0.67–1.15) 0.336

SBP < 90 mmHg 22(2.5) 122(2.3) 1.1(0.70–1.75) 0.663

Heart rate > 100 beats/min 221(25.1) 997(18.5) 1.5(1.25–1.75) <0.001

Respiratory rate < 10 or >29 7(0.8) 25(0.5) 1.7(0.74–3.99) 0.201

Procedures at ER, n(%)

Cardiopulmonary resuscitation 1(0.1) 8(0.1) 0.8(0.10–6.13) 1.000

Intubation 10(1.1) 118(2.2) 0.5(0.27–0.98) 0.041

Chest tube 9(1.0) 79(1.5) 0.7(0.35–1.39) 0.301

Blood transfusion 27(3.1) 128(2.4) 1.3(0.85–1.98) 0.219

Table 4 Significant associated injuries among obese and normal-weight patients

Variables Obese BMI≥ 30
n = 880, n(%)

Normal 25 > BMI≥ 18.5
n = 5391, n(%)

Odds ratio
(95 %)

P

Cranial fracture 38(4.3) 339(6.3) 0.7(0.48–0.95) 0.023

Maxillary fracture 36(4.1) 407(7.5) 0.5(0.37–0.74) <0.001

Mandibular fracture 14(1.6) 151(2.8) 0.6(0.32–0.98) 0.038

Pneumothorax 7(0.8) 99(1.8) 0.4(0.20–0.93) 0.026

Clavicle fracture 57(6.5) 519(9.6) 0.7(0.49–0.86) 0.003

Humeral fracture 72(8.2) 216(4.0) 2.1(1.62–2.82) <0.001
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chest injuries and lower extremity fractures [17]. In this
study, analysis of AIS revealed that the obese patients
had sustained significantly higher rates of thoracic in-
jury; however, they also had a lower incidence of
pneumothorax (OR = 0.4, 95 % CI = 0.20–0.93; p = 0.026)
and clavicle fractures (OR = 0.7, 95 % CI = 0.49–0.86;
p = 0.003) than normal-weight patients. It is likely that
a “cushion effect” protects obese patients from crash
injuries to the thorax that would typically induce
pneumothorax; similarly, the shape of the obese bod-
ies may prevent direct contusion forces on the clav-
icle. However, further research is required to validate
this observation.
In addition, the controversial effect of obesity on the

incidence and site of fractures in the extremities of
trauma patients had been reported [32]. In this study,
obese patients presented a 2.1-fold greater incidence of
humeral fractures but no significant difference in pelvic,
tibial, or fibular fractures compared to those of normal-
weight patients. Although there is a positive correlation
between bone mineral density (BMD) and BMI [35], in-
creased body fat has a negative effect on attaining peak
bone mass and bone mineral content [36]. Increased
weight is associated with a 1.7-fold increased fracture
risk in obese boys, particularly for fractures incurred
from low-energy mechanisms [37]. Obese patients in-
volved in motor vehicle crashes are significantly more
likely to have more severe distal femur fractures com-
pared with non-obese patients [38]. Subjects with higher
BMI are at higher risk of fractures in the humerus, lower
leg, and ankle [32]. Furthermore, hip fractures in elderly
obese individuals are significantly less common than
among non-obese men [39]; however, these data are in
contrast to a report of increased incidence of hip frac-
ture after adjusting for BMD [40].
In the current study, no significant differences were

found between obese and normal-weight patients re-
garding ISS, regardless of the subgroup of injury severity;
NISS; TRISS; mortality; the proportion of patients ad-
mitted to the ICU; and LOS in the ICU. However, obese

patients had a significantly longer hospital LOS than
normal-weight patients, although the difference was not
large. Notably, the hospital LOS was significantly longer
among obese patients with pelvic, tibial, and fibular frac-
tures than among normal-weight patients. This finding
is consistent with previous reports that obesity increases
the risk of non-union of fractures and complicates
trauma recovery [20] and that delay of recovery is dir-
ectly correlated with the severity of obesity [41]. In
addition to the high risk of a range of medical conditions
associated with obesity, including HTN, DM, cardiac
disease, and pulmonary thromboembolism, their pres-
ence may also delay recovery [42]. Increased complica-
tions after surgical treatment of pelvic ring injuries [11]
or hip fracture [43] may increase hospital LOS. More-
over, even medically stable obese patients are almost
twice as likely to experience delayed fracture fixation
due to surgeon preference [12]. Therefore, our finding
that obese patients with a pelvic and lower leg fractures
had significantly longer hospital LOS than normal-
weight patients was not surprising.
Obesity has significant implications for not only the

demographics and patterns of injury but also for the
assessment, management, and outcomes of trauma. In
this study, sex-based difference (male predominance),
pre-existing comorbidities and chronic diseases (DM,
HTN, and CHF), BAC (lower alcohol concentration),
and different associated injures (fewer cranial, maxil-
lary, mandibular, clavicle, and pneumothorax fractures
as well as more humoral fractures) making the com-
parison a complex problem in determining the effects
of obesity on outcomes in obese patients. It is also
difficult to interpret the reported body of literature
on the interaction between obesity and trauma, which
vary widely in patient selection, stratification, and
outcome definitions. The patterns of injury and out-
comes for obese trauma patients may be distinct for
different mechanisms of injury [44]. The effect of
obesity on outcomes of traumatic injury remains incon-
clusive without a matched cohort prospective study.
Therefore, the retrospective design with its inherent selec-
tion bias results in a major limitation of the current study.
In addition, the lack of data regarding the circumstances
of the mechanism of injury such as impact type and force
and the use of any other protective materials also
limit interpretation of the analyzed data. Moreover,
patients declared dead on hospital arrival or at the
accident scene were not included in the Trauma
Registry Database, which potentially biases the assess-
ment of mortality. Finally, the descriptive study design
prevents assessment of the effects of any particular
treatment intervention, and could only rely on the as-
sumption of uniform assessment and management of
obese and normal-weight patient populations.

Table 5 Significant differences in length of stay (LOS) in the
hospital and associated injuries among obese and normal-
weight patients

Variables Obese BMI≥ 30
n = 880

Normal 25 > BMI≥ 18.5
n = 5391

P

LOS (days)

Cerebral contusion 0.8 ± 8.7 16.5 ± 14.9 0.002

Orbital fracture 7.4 ± 6.2 11.7 ± 7.9 0.033

Pelvic fracture 25.8 ± 18.1 17.0 ± 12.7 0.010

Tibial fracture 19.8 ± 16.4 13.6 ± 12.1 0.002

Fibular fracture 18.3 ± 12.9 13.6 ± 11.9 0.027
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Conclusion
Obese patients had different injury characteristics, bodily
injury patterns, and longer LOS in hospital, particularly
those with pelvic, tibial, and fibular fractures, compared
to normal-weight patients. However, this study failed to
identify any relationship between obesity and injury
severity, mortality, proportion admitted to the ICU, or
LOS in the ICU.

Availability od data and materials
The raw data in excel file under de-identification policy
could be provided via the email of corresponding author
upon request for research purpose only.

Additional file

Additional file 1: Table S1: The incidence of associated injuries in
obese and normal-weight adult patients. Table S2: The length of stay in
hospital for obese and normal-weight adult patients. (DOCX 20 kb)

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
JFC wrote the manuscript; CSR drafted the manuscript; PJK revised the
manuscript; YCC performed the statistical analyses; SYH collected the data
and edited the tables; HYH revised the English and conducted the
proofreading; and CHH designed the study, contributed to the analysis and
interpretation of data, and drafted the manuscript. All authors read and
approved the final manuscript.

Acknowledgements
This research was supported by a grant from CDRPG8C0031.

Author details
1Department of Trauma Surgery, Kaohsiung Chang Gung Memorial Hospital
and Chang Gung University College of Medicine, No.123, Ta-Pei Road,
Niao-Song District, Kaohsiung City 833, Taiwan. 2Department of
Neurosurgery, Kaohsiung Chang Gung Memorial Hospital and Chang Gung
University College of Medicine, Kaohsiung City, Taiwan. 3Department of
Plastic and Reconstructive Surgery, Kaohsiung Chang Gung Memorial
Hospital and Chang Gung University College of Medicine, Kaohsiung City,
Taiwan.

Received: 16 August 2015 Accepted: 9 March 2016

References
1. Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, Paciorek CJ, Singh

GM, Gutierrez HR, Lu Y, Bahalim AN. National, regional, and global trends in
body-mass index since 1980: systematic analysis of health examination
surveys and epidemiological studies with 960 country-years and 9.1 million
participants. Lancet. 2011;377(9765):557–67.

2. Stevens GA, Singh GM, Lu Y, Danaei G, Lin JK, Finucane MM, Bahalim AN,
McIntire RK, Gutierrez HR, Cowan M, et al. National, regional, and global
trends in adult overweight and obesity prevalences. Popul health metrics.
2012;10(1):22.

3. Ogden CL, Carroll MD, Kit BK, Flegal KM: Prevalence of obesity among
adults: United States, 2011-2012. NCHS Data Brief. 2013;(131):1-8. http://
www.cdc.gov/nchs/data/databriefs/db131.pdf.

4. Chiou ST. 2014 Health Promotion Administration Annual Report. Health
Promotion Administration. Taiwan: Ministry of Health and Welfare; 2015.

5. OECD. Obesity and the economics of prevention: fit not fat. Paris: OECD
Publishing; 2010.

6. Byard RW, Langlois NE. Letter to the editor–Increasing body weight of
motorcycle riders. J Forensic Sci. 2011;56(6):1661.

7. Neville AL, Brown CV, Weng J, Demetriades D, Velmahos GC. Obesity is an
independent risk factor of mortality in severely injured blunt trauma
patients. Arch Surg. 2004;139(9):983–7.

8. Andruszkow H, Veh J, Mommsen P, Zeckey C, Hildebrand F, Frink M.
Impact of the body mass on complications and outcome in multiple
trauma patients: what does the weight weigh? Mediators Inflamm.
2013;2013:345702.

9. Liu T, Chen JJ, Bai XJ, Zheng GS, Gao W. The effect of obesity on outcomes
in trauma patients: a meta-analysis. Injury. 2013;44(9):1145–52.

10. Mock CN, Grossman DC, Kaufman RP, Mack CD, Rivara FP. The relationship
between body weight and risk of death and serious injury in motor vehicle
crashes. Accid Anal Prev. 2002;34(2):221–8.

11. Sems SA, Johnson M, Cole PA, Byrd CT, Templeman DC. Elevated body
mass index increases early complications of surgical treatment of pelvic ring
injuries. J Orthop Trauma. 2010;24(5):309–14.

12. Childs BR, Nahm NJ, Dolenc AJ, Vallier HA. Obesity is associated with more
complications and longer hospital stays after orthopaedic trauma. J Orthop
Trauma. 2015;29(11):504–9.

13. Ciesla DJ, Moore EE, Johnson JL, Burch JM, Cothren CC, Sauaia A. Obesity
increases risk of organ failure after severe trauma. J Am Coll Surg. 2006;
203(4):539–45.

14. Brown CV, Velmahos GC. The consequences of obesity on trauma,
emergency surgery, and surgical critical care. World J Emerg Surg.
2006;1:27.

15. Hoffmann M, Lefering R, Gruber-Rathmann M, Rueger JM, Lehmann W. The
impact of BMI on polytrauma outcome. Injury. 2012;43(2):184–8.

16. Alban RF, Lyass S, Margulies DR, Shabot MM. Obesity does not affect
mortality after trauma. Am Surg. 2006;72(10):966–9.

17. Brown CV, Neville AL, Rhee P, Salim A, Velmahos GC, Demetriades D. The
impact of obesity on the outcomes of 1,153 critically injured blunt trauma
patients. J Trauma. 2005;59(5):1048–51. discussion 1051.

18. Boulanger BR, Milzman D, Mitchell K, Rodriguez A. Body habitus as a
predictor of injury pattern after blunt trauma. J Trauma. 1992;33(2):228–32.

19. Diaz Jr JJ, Norris PR, Collier BR, Berkes MB, Ozdas A, May AK, Miller RS, Morris
Jr JA. Morbid obesity is not a risk factor for mortality in critically ill trauma
patients. J Trauma. 2009;66(1):226–31.

20. Akinnusi ME, Pineda LA, El Solh AA. Effect of obesity on intensive care
morbidity and mortality: a meta-analysis. Crit Care Med. 2008;36(1):151–8.

21. Ferrada P, Anand RJ, Malhotra A, Aboutanos M. Obesity does not increase
mortality after emergency surgery. J Obes. 2014;2014:492127.

22. Majdan M, Brazinova A, Wilbacher I, Rusnak M, Mauritz W. The impact of
body mass index on severity, patterns and outcomes after traumatic brain
injuries caused by low level falls. Eur J Trauma Emerg Surg.
2015;41(6):651–6.

23. Liu HT, Liang CC, Rau CS, Hsu SY, Hsieh CH. Alcohol-related hospitalizations
of adult motorcycle riders. World J Emerg Surg. 2015;10(1):2.

24. Liu HT, Rau CS, Liang CC, Wu SC, Hsu SY, Hsieh HY, Hsieh CH. Bicycle-related
hospitalizations at a Taiwanese level I Trauma Center. BMC Public Health.
2015;15(1):722.

25. Rau CS, Lin TS, Wu SC, Yang JC, Hsu SY, Cho TY, Hsieh CH. Geriatric
hospitalizations in fall-related injuries. Scand J Trauma Resusc Emerg Med.
2014;22:63.

26. Jou RC, Yeh TH, Chen RS. Risk factors in motorcyclist fatalities in Taiwan.
Traffic Inj Prev. 2012;13(2):155–62.

27. Physical status: the use and interpretation of anthropometry. Report of a
WHO Expert Committee. World Health Organ Tech Rep Ser 1995, 854:1-452.

28. Obesity: preventing and managing the global epidemic. Report of a WHO
consultation. World Health Organ Tech Rep Ser 2000, 894:i-xii, 1-253.

29. Tsai J, Ford ES, Zhao G, Li C, Greenlund KJ, Croft JB. Co-occurrence of
obesity and patterns of alcohol use associated with elevated serum hepatic
enzymes in US adults. J Behav Med. 2012;35(2):200–10.

30. Ely M, Hardy R, Longford NT, Wadsworth ME. Gender differences in the
relationship between alcohol consumption and drink problems are largely
accounted for by body water. Alcohol Alcohol. 1999;34(6):894–902.

31. Sifri ZC, Kim H, Lavery R, Mohr A, Livingston DH. The impact of obesity on
the outcome of emergency intubation in trauma patients. J Trauma.
2008;65(2):396–400.

32. Premaor MO, Comim FV, Compston JE. Obesity and fractures. Arq Bras
Endocrinol Metabol. 2014;58(5):470–7.

Chuang et al. BMC Public Health  (2016) 16:275 Page 8 of 9

dx.doi.org/10.1186/s12889-016-2950-z
http://www.cdc.gov/nchs/data/databriefs/db131.pdf
http://www.cdc.gov/nchs/data/databriefs/db131.pdf


33. Brown CV, Rhee P, Neville AL, Sangthong B, Salim A, Demetriades D.
Obesity and traumatic brain injury. J Trauma. 2006;61(3):572–6.

34. Tagliaferri F, Compagnone C, Yoganandan N, Gennarelli TA. Traumatic brain
injury after frontal crashes: relationship with body mass index. J Trauma.
2009;66(3):727–9.

35. Zhao LJ, Jiang H, Papasian CJ, Maulik D, Drees B, Hamilton J, Deng HW.
Correlation of obesity and osteoporosis: effect of fat mass on the
determination of osteoporosis. J Bone Miner Res. 2008;23(1):17–29.

36. Weiler HA, Janzen L, Green K, Grabowski J, Seshia MM, Yuen KC. Percent
body fat and bone mass in healthy Canadian females 10 to 19 years of age.
Bone. 2000;27(2):203–7.

37. Davidson PL, Goulding A, Chalmers DJ. Biomechanical analysis of arm
fracture in obese boys. J Paediatr Child Health. 2003;39(9):657–64.

38. Maheshwari R, Mack CD, Kaufman RP, Francis DO, Bulger EM, Nork SE,
Henley MB. Severity of injury and outcomes among obese trauma patients
with fractures of the femur and tibia: a crash injury research and
engineering network study. J Orthop Trauma. 2009;23(9):634–9.

39. Premaor MO, Compston JE, Fina Aviles F, Pages-Castella A, Nogues X,
Diez-Perez A, Prieto-Alhambra D. The association between fracture
site and obesity in men: a population-based cohort study. J Bone
Miner Res.
2013;28(8):1771–7.

40. Nielson CM, Marshall LM, Adams AL, LeBlanc ES, Cawthon PM, Ensrud K,
Stefanick ML, Barrett-Connor E, Orwoll ES. BMI and fracture risk in older
men: the osteoporotic fractures in men study (MrOS). J Bone Miner Res.
2011;26(3):496–502.

41. Dhungel V, Liao J, Raut H, Lilienthal MA, Garcia LJ, Born J, Choi KC.
Obesity delays functional recovery in trauma patients. J Surg Res.
2015;193(1):415–20.

42. Rosenfeld HE, Tsokos M, Byard RW. The association between body mass
index and pulmonary thromboembolism in an autopsy population.
J Forensic Sci. 2012;57(5):1336–8.

43. Belmont Jr PJ, Garcia EJ, Romano D, Bader JO, Nelson KJ, Schoenfeld AJ. Risk
factors for complications and in-hospital mortality following hip fractures: a
study using the National Trauma Data Bank. Arch Orthop Trauma Surg.
2014;134(5):597–604.

44. Osborne Z, Rowitz B, Moore H, Oliphant U, Butler J, Olson M, Aucar J.
Obesity in trauma: outcomes and disposition trends. Am J Surg. 2014;207(3):
387–92. discussion 391-382.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Chuang et al. BMC Public Health  (2016) 16:275 Page 9 of 9



International  Journal  of

Environmental Research

and Public Health

Article

Using the Reverse Shock Index at the Injury Scene
and in the Emergency Department to Identify
High-Risk Patients: A Cross-Sectional
Retrospective Study

Wei-Hung Lai 1,†, Cheng-Shyuan Rau 2,†, Shiun-Yuan Hsu 1, Shao-Chun Wu 3, Pao-Jen Kuo 4,
Hsiao-Yun Hsieh 1, Yi-Chun Chen 1 and Ching-Hua Hsieh 3,*

1 Department of Trauma Surgery, Kaohsiung Chang Gung Memorial Hospital and Chang Gung University
College of Medicine, Kaohsiung 833, Taiwan; abdiel@cgmh.org.tw (W.-H.L.); ah.lucy@hotmail.com (S.-Y.H.);
sylvia19870714@hotmail.com (H.-Y.H.); libe320@yahoo.com.tw (Y.-C.H.)

2 Department of Neurosurgery, Kaohsiung Chang Gung Memorial Hospital and Chang Gung University
College of Medicine, Kaohsiung 833, Taiwan; ersh2127@cloud.cgmh.org.tw

3 Department of Anesthesiology, Kaohsiung Chang Gung Memorial Hospital and Chang Gung University
College of Medicine, Kaohsiung 833, Taiwan; shaochunwu@gmail.com

4 Department of Plastic and Reconstructive Surgery, Kaohsiung Chang Gung Memorial Hospital and Chang
Gung University College of Medicine, Kaohsiung 833, Taiwan; bow110470@gmail.com

* Correspondence: m93chinghua@gmail.com; Tel.: +886-7-732-7476; Fax: +886-7-345-0431
† Indicates equal contribution in authorship.

Academic Editor: Paul B. Tchounwou
Received: 28 January 2016; Accepted: 21 March 2016; Published: 24 March 2016

Abstract: Background: The ratio of systolic blood pressure (SBP) to heart rate (HR), called the reverse
shock index (RSI), is used to evaluate the hemodynamic stability of trauma patients. A SBP lower
than the HR (RSI < 1) indicates the probability of hemodynamic shock. The objective of this study
was to evaluate whether the RSI as evaluated by emergency medical services (EMS) personnel at
the injury scene (EMS RSI) and the physician in the emergency department (ED RSI) could be used
as an additional variable to identify patients who are at high risk of more severe injury. Methods:
Data obtained from all 16,548 patients added to the trauma registry system at a Level I trauma center
between January 2009 and December 2013 were retrospectively reviewed. Only patients transferred
by EMS were included in this study. A total of 3715 trauma patients were enrolled and subsequently
divided into four groups: group I patients had an EMS RSI ě1 and an ED RSI ě1 (n = 3485); group II
an EMS RSI ě 1 and an ED RSI < 1 (n = 85); group III an EMS RSI < 1 and an ED RSI ě 1 (n = 98);
and group IV an EMS RSI < 1 and a ED RSI < 1 (n = 47). A Pearson’s χ2 test, Fisher’s exact test, or
independent Student’s t-test was conducted to compare trauma patients in groups II, III, and IV
with those in group I. Results: Group II and IV patients had a higher injury severity score, a higher
incidence of commonly associated injuries, and underwent more procedures (including intubation,
chest tube insertion, and blood transfusion in the ED) than patients in group I. Group II and IV
patients were also more likely to receive a severe injury to the thoracoabdominal area. These patients
also had worse outcomes regarding the length of stay in hospital and intensive care unit (ICU), the
proportion of patients admitted to ICU, and in-hospital mortality. Group II patients had a higher
adjusted odds ratio for mortality (5.8-times greater) than group I patients. Conclusions: Using an
RSI < 1 as a threshold to evaluate the hemodynamic condition of the patients at the injury scene
and upon arrival to the ED provides valid information regarding deteriorating outcomes for certain
subgroups of patients in the ED setting. Particular attention and additional resources should be
provided to patients with an EMS RSI ě 1 that deteriorates to an RSI < 1 upon arrival to the ED since
a higher odds of mortality was found in these patients.
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1. Background

Acute trauma patients presenting with shock in the prehospital or emergency department (ED)
setting need focused care. Measurement of vital signs, including systolic blood pressure (SBP), is often
included in the initial triage for acute trauma patients and is recommended by many clinical guidelines
as a basic part of the initial assessment of circulatory blood volume by emergency medical services
(EMS) personnel. In addition to the trauma cause, a description of the hemodynamic status, including
its severity, provided by responsible EMS personnel could be an important reference for the emergency
physician, who could use this information to provide adequate patient care [1,2].

Hypovolemic shock is the most common type of shock in patients who experience traumatic injury.
In a meta-analysis of six observational studies, the prevalence of hypotensive shock in the prehospital
setting was between 9.5 and 19 per 1000 EMS contacts with an in-hospital shock mortality between
33% and 52% [3]. In addition, the prevalence of hypotension in the ED was 4–13/1000 ED contacts
with a mortality of 12% [3]. To identify hypovolemic shock, isolated vital signs, such as SBP and
heart rate (HR), have been shown to be unreliable [4,5]. For example, individuals who are habitually
hypertensive can have a normal blood pressure during shock, and hypotensive individuals can have
normal tissue perfusion [6,7]. Some observational studies conducted in the ED and prehospital setting
with hypotensive patients who experienced a trauma have advocated for a higher SBP threshold to
correspond with the actual mortality rate [8–10]. The shock index (SI), the ratio of HR to SBP, has been
assessed as a marker of significant injury in trauma patients with hypovolemic shock [11–13], and
been found to be more useful in predicting early shock than either the HR or the SBP alone and to
correlate with other indices of end-organ perfusion (such as central venous oxygen saturation and
arterial lactic acid concentration) [14]. The SI has been demonstrated to be a capable measure for
hemodynamic instability [15–17] and a useful guide for diagnosing early acute hypovolemia in the
presence of normal HR and blood pressure [18]. It has also been shown to be a clinical indicator of
hypovolemic shock upon arrival to the ED with respect to transfusion requirements and hemostatic
resuscitation [19].

An elevated SI > 0.7 is correlated with reduced left ventricular end-diastolic pressure [20] and
reductions in circulatory blood volume [13] even when the pulse rate and SBP remain in the normal
range. A pre-intubation SI greater than or equal to 0.8 is an independent risk factor for cardiovascular
deterioration after emergency intubation in the ED [21]. An SI that exceeds 0.9 between the field and
the ED may predict higher mortality [13]. The sensitivity and specificity of an SI greater than 0.9 as
a predictor of massive transfusion (defined as 24-h red blood cell transfusion ě9 units) are 63% and
83%, respectively [22]. An SI greater than or equal to 1 is associated with an adjusted odds ratio
(AOR) of 10.5 (95% confidence interval (CI): 9.3–11.7) for 30-day mortality [23]. In addition, patients
with an SI ě 1.0, despite prehospital crystalloid resuscitation, had a significantly higher transfusion
requirement and a higher mortality rate than other major trauma patients [15]. Furthermore, an SI
greater than 1.4 has been proposed as a more practical cutoff for predicting massive transfusion in
trauma patients [22].

Although the SI is a very practical and useful predictor of outcomes for trauma patients,
the literature has shown that the relevant SI cut-off point varies depending on the cause of
trauma [12,13,20,23,24] and patient’s illness [23]. Moreover, the calculation of the SI as the ratio
of HR to SBP appears contradictory to the basic concept of shock, which is generally thought of as an
unstable hemodynamic status in which the SBP is lower than the HR, and not as the SI, which indicates
that the HR is higher than the SBP. Therefore, the reverse shock index (RSI), the ratio of SBP to HR, is
often preferred to evaluate the hemodynamic stability of trauma patients. An RSI < 1 indicates that the
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SBP is lower than the HR, and implies that the patient is probably in shock. Moreover, the RSI could
be assessed without any additional calculation or equipment by first responders upon arrival at the
site of injury or to the ED.

Identification of patients with shock is crucial as prompt treatment improves the prognosis and
the optimal treatment differs depending on the cause [7]. The objective of this study was to evaluate
whether an RSI evaluated by EMS personnel at the scene of injury (EMS RSI) and the physician at the
ED (ED RSI) could be used to identify patients who are at high risk for more severe complications. To
accomplish this, we used data from a trauma registry system collected over a five-year period at a
Level I trauma center.

2. Methods

2.1. Ethics Statement

The hospital’s institutional review board (IRB) approved this study (approval number 104-0578B).
Informed consent was waived according to the IRB regulations.

2.2. Study Design

This retrospective study was conducted at the Kaohsiung Chang Gung Memorial Hospital, a
2400-bed facility and Level I regional trauma center that provides care to trauma patients primarily
from southern Taiwan. This study reviewed all 16,548 hospitalized and registered patients added to the
Trauma Registry System between 1 January 2009 and 31 December 2013 (Figure 1). During this time,
only patients who were transferred by EMS were included in this study. Those who were transferred
from other hospitals or arrived by private vehicles were not included in the study population. Patients
who had incomplete data were also excluded. The RSI was calculated as the ratio of SBP to HR
(RSI = SBP/HR). In total, 3715 trauma patients were enrolled in this study. These patients were then
divided into 4 groups. Group I included those with an EMS RSI ě 1 and an ED RSI ě 1 (n = 3485);
group II included those with an EMS RSI ě 1 and an ED RSI < 1 (n = 85); group III those with an
EMS RSI < 1 and an ED RSI ě 1 (n = 98); and group IV those with an EMS RSI < 1 and an ED RSI < 1
(n = 47). Group I (patients with a stable hemodynamic status at the injury scene and in the ED)
was used as a reference for comparison with group II (patients with a stable hemodynamic status at
the injury scene but who got worse upon arrival to the ED), group III (patients with hemodynamic
instability at the injury scene but who improved upon arrival to the ED), and group IV (patients with
hemodynamic instability at the injury scene and in the ED). The vital signs of the patients generally
would be measured within 5 min upon arrival to the ED.

Detailed patient information regarding age, sex, vital signs (assessed by the EMS personnel at the
injury scene and by the physician upon arrival to the ED), the Glasgow coma scale (GCS) score (assessed
upon arrival to the ED), procedures performed by EMS personnel at the injury scene (intubation,
airway placement, neck collar placement, backboard or spinal immobilization, oxygenation, and
cardiopulmonary resuscitation) and by the physician in the ED (intubation, chest tube insertion, and
blood transfusion), the abbreviated injury scale (AIS) score for each body region, the injury severity
score (ISS), the new injury severity score (NISS), the trauma and injury severity score (TRISS), length of
stay (LOS) in the hospital, LOS in the intensive care unit (ICU), in-hospital mortality, and complications
associated with injuries. In our study, the primary outcomes were in-hospital mortality and injury
severity as measured by different scoring systems (GCS, AIS, ISS, NISS, and TRISS). The secondary
outcomes were LOS in the hospital and in the ICU.

Data were compared using SPSS version 20 statistical software (IBM Corporation, Armonk, NY,
USA). We used a Pearson’s χ2 test, Fisher’s exact test, or independent Student’s t-test, as applicable.
The Mann Whitney U test was used to compare the LOS in hospital and ICU. All results are presented
as a mean ˘ standard error. A p-value of <0.05 was considered as statistically significant. Odds ratios
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(ORs) were calculated with 95% confidence intervals (CIs). AORs for mortality adjusted by the ISS
with 95% CIs were also calculated.
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3. Results

3.1. Patient Injury Characteristics

The mean age of patients in groups I, II, III, and IV were 41.9 ˘ 14.4, 36.6 ˘ 13.5, 39.2 ˘ 15.5, and
38.9 ˘ 12.5 years, respectively (Table 1). Compared to patients in group I, patients in group II were
younger (p = 0.001), and statistically significant differences regarding sex were found between group
II patients (men: n = 60 (70.6%); women: n = 25 (29.4%)) and group IV patients (men: n = 36 (76.6%);
women: n = 11 (23.4%)) when compared to group I patients (men: n = 2026 (58.1%); women: n = 1459
(41.9%)). There were also significantly lower GCS scores in both group II (12.4 ˘ 3.8) and group IV
(13.0 ˘ 3.3) than in group I (14.3 ˘ 2.1). In addition, the distribution of GCS scores (ď8, 9–12, or ě13)
were different in group II and IV patients than group I patients. The analysis of AIS scores revealed
that group II patients sustained significantly higher rates of injuries to the head/neck, thorax, and
abdomen, but lower rates of injuries to the extremities than group I patients; group III patients sustained
significantly higher rates of injuries to the thorax; and group IV patients sustained significantly higher
rates of injuries to the head/neck, thorax, and abdomen. A significantly higher ISS was found in group
II (15.1 ˘ 11.1; p < 0.001), group III (10.5 ˘ 7.1; p = 0.026), and group IV (15.8 ˘ 11.3; p < 0.001) in
comparison to group I (8.9 ˘ 6.9). When stratified by ISS (<16, 16–24, or ě25), group II included more
patients with an ISS ě 25 and less patients with an ISS < 16 than in group I while group IV included
more patients with an ISS ě 25 and an ISS between 16 and 24 and less patients with an ISS of <16 than
group I. No differences were found between group III and group I regardless of the stratification by
ISS (<16, 16–24, or ě25). Likewise, we also found a significantly higher NISS in group II (17.8 ˘ 14.4;
p < 0.001), group III (12.3 ˘ 8.3; p = 0.036), and group IV (16.7 ˘ 12.6; p < 0.001) than in group I
(10.5 ˘ 8.5). When compared with the TRISS of group I (0.991 ˘ 0.093), a significantly lower TRISS,
indicating a lower survival rate, was found in group II (0.953 ˘ 0.213; p < 0.001) and group IV
(0.957 ˘ 0.204; p < 0.001), but not in group III (0.980 ˘ 0.142; p = 0.233). The in-hospital mortality rates
for group I, II, III, and IV were 0.9%, 12.9%, 1.0%, and 4.3%, respectively. After adjusting for ISS, the
AOR for mortality for patients in group II (AOR = 5.8, 95% CI: 2.3–14.4, p < 0.001) and IV (AOR = 1.1,
95% CI: 1.1–1.1, p < 0.001) was significantly greater than that of patients in group I. No difference in
the AOR for mortality was found between group III and I.
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Table 1. Demographic and injury characteristics of hospitalized trauma patients.

Variables EMS RSIě 1 ED
RSI < 1 n = 85 (II)

EMS RSI < 1 ED RSI
ě 1 n = 98 (III)

EMS RSI < 1 ED
RSI < 1 n = 47 (IV)

EMS RSIě 1 ED RSI
ě 1 n = 3485 (I)

OR (95%CI) p OR (95%CI) p OR (95%CI) p

II vs. I III vs. I IV vs. I

Age 36.6˘ 13.5 39.2˘ 15.5 38.9˘ 12.5 41.9˘ 14.4 - 0.001 - 0.071 - 0.158
Gender 0.021 0.690 0.011

Male 60 (70.6) 55 (56.1) 36 (76.6) 2026 (58.1) 1.7 (1.1–2.8) 0.9 (0.6–1.4) 2.4 (1.2–4.7)
Female 25 (29.4) 43 (43.9) 11 (23.4) 1459 (41.9) 0.6 (0.4–0.9) 1.1 (0.7–1.6) 0.4 (0.2–0.8)

GCS 12.4˘ 3.8 14.2˘ 2.1 13.0˘ 3.3 14.3˘ 2.1 - <0.001 - 0.669 - <0.001
ď8 16 (18.8) 5 (5.1) 7 (14.9) 148 (4.2) 5.2 (3.0–9.2) <0.001 1.2 (0.5–3.0) 0.680 3.9 (1.7–9.0) <0.001

9–12 13 (15.3) 5 (5.1) 5 (10.6) 156 (4.5) 3.9 (2.1–7.1) <0.001 1.1 (0.5–2.9) 0.768 2.5 (1.0–6.5) 0.044
ě13 56 (65.9) 88 (89.8) 35 (74.5) 3181 (91.3) 0.2 (0.1–0.3) <0.001 0.8 (0.4–1.6) 0.609 0.3 (0.1–0.5) <0.001
AIS

Head/Neck 39 (45.9) 32 (32.7) 22 (46.8) 1074 (30.8) 1.9 (1.2–2.9) 0.003 1.1 (0.7–1.7) 0.698 2.0 (1.1–3.5) 0.019
Face 19 (22.4) 21 (21.4) 11 (23.4) 734 ( (21.1) 1.1 (0.6–1.8) 0.773 1.0 (0.6–1.7) 0.930 1.1 (0.6–2.3) 0.696

Thorax 29 (34.1) 23 (23.5) 23 (48.9) 477 (13.7) 3.3 (2.1–5.2) <0.001 1.9 (1.2–3.1) 0.006 6.0 (3.4–10.8) <0.001
Abdomen 21 (24.7) 10 (10.2) 19 (40.4) 237 (6.8) 4.5 (2.7–7.5) <0.001 1.6 (0.8–3.0) 0.190 9.3 (5.1–16.9) <0.001
Extremity 54 (63.5) 72 (73.5) 33 (70.2) 2585 (74.2) 0.6 (0.4–1.0) 0.027 1.0 (0.6–1.5) 0.875 0.8 (0.4–1.5) 0.538

ISS 15.1˘ 11.1 10.5˘ 7.1 15.8˘ 11.3 8.9˘ 6.9 - <0.001 - 0.026 - <0.001
<16 48 (56.5) 76 (77.6) 23 (48.9) 2794 (80.2) 0.3 (0.2–0.5) <0.001 0.9 (0.5–1.4) 0.522 0.2 (0.1–0.4) <0.001

16–24 16 (18.9) 16 (6.1) 14 (29.8) 483 (13.9) 1.4 (0.8–2.5) 0.192 1.2 (0.7–2.1) 0.487 2.6 (1.4–5.0) 0.002
ě25 21 (24.7) 6 (6.1) 10 (21.3) 208 (6.0) 5.2 (3.1–8.6) <0.001 1.0 (0.5–2.4) 0.949 4.3 (2.1–8.7) <0.001
NISS 17.8˘ 14.4 12.3˘ 8.3 16.7˘ 12.6 10.5˘ 8.5 - <0.001 - 0.036 - <0.001
TRISS 0.953˘ 0.213 0.980˘ 0.142 0.957˘ 0.204 0.991˘ 0.093 - <0.001 - 0.233 - 0.016

Mortality 11 (12.9) 1 (1.0) 2 (4.3) 32 (0.9) 16.0 (7.8–33.0) <0.001 1.1 (0.2–8.2) 0.917 4.8 (1.1–20.6) 0.020
ISS - - - - 5.8 (2.3–14.4) <0.001 1.0 (1.0–1.1) 0.053 1.1 (1.1–1.1) <0.001



Int. J. Environ. Res. Public Health 2016, 13, 357 6 of 12

3.2. Management Characteristics

There were no significant differences regarding the transport times for group II, III, and IV
compared to group I (Table 2). Regarding the procedures performed by the EMS personnel, more
group II patients underwent airway placement, placement of a neck collar, backboard and spinal
immobilization, an oxygen supplement, and cardiopulmonary resuscitation than group I patients; more
group III patients underwent airway placement, backboard immobilization, and an oxygen supplement;
and more group IV patients underwent placement of a neck collar, backboard immobilization, and
an oxygen supplement. Regarding the procedures performed in the ED, more group II and group IV
patients underwent intubation, chest tube insertion, and blood transfusion than group I patients. No
significant differences regarding the procedures performed in the ED were noted between group III
and I patients.

3.3. Associated Injuries

As shown in the Table 3, the OR for sustaining intracerebral hematoma (OR: 3.8, 95% CI: 1.6–8.9,
p = 0.001), a cervical vertebral fracture (OR: 4.5, 95% CI: 1.4–15.2, p = 0.007), pneumothorax (OR: 3.0,
95% CI: 1.1–8.4, p = 0.031), hemopneumothorax (OR: 6.2, 95% CI: 2.4–16.1, p < 0.001), a lung contusion
(OR: 4.0, 95% CI: 1.4–11.3, p = 0.006), hepatic injury (OR: 8.0, 95% CI: 4.2–15.4, p < 0.001), splenic injury
(OR: 6.1, 95% CI: 2.1–17.8, p < 0.001), retroperitoneal injury (OR: 16.8, 95% CI: 3.2–87.7, p < 0.001), and
renal injury (OR: 6.4, 95% CI: 1.4–29.0, p = 0.005) was statistically significantly higher for group II
patients than group I patients. Similarly, the OR for sustaining a rib fracture (OR: 1.8, 95% CI: 1.1–3.1,
p = 0.023), hemothorax (OR: 4.7, 95% CI: 2.0–11.42, p < 0.001), and hepatic injury (OR: 2.6, 95% CI:
1.0–6.7, p = 0.035) was statistically significantly higher for group III patients than group I patients.
Group IV patients had a statistically significantly higher OR for sustaining a rib fracture (OR: 3.7, 95%
CI: 2.0–7.0, p < 0.001), hemothorax (OR: 6.7, 95% CI: 2.3–19.3, p < 0.001), pneumothorax (OR: 4.1, 95%
CI: 1.2–13.6, p = 0.012), hemopneumothorax (OR: 14.4, 95% CI: 5.8–36.2, p < 0.001), an intra-abdominal
injury (OR: 7.7, 95% CI: 3.4–17.8, p < 0.001), hepatic injury (OR: 8.5, 95% CI: 3.7–19.7, p < 0.001), splenic
injury (OR: 11.5, 95% CI: 3.9–34.2, p < 0.001), and pelvic fracture (OR: 4.9, 95% CI: 2.1–11.1, p < 0.001)
than group I patients.

3.4. LOS in Hospital and ICU

A significantly longer hospital LOS was found among group II and IV patients compared with
group I patients (15.2 and 16.9 vs. 9.5 days, respectively; p < 0.001) (Table 4). Likewise, a significantly
larger proportion of group II and IV patients than group I patients were admitted to the ICU
(45.9% and 51.1% vs. 16.5%, respectively; p < 0.001), but the ICU LOS was not significantly longer
(13.1 and 13.0 vs. 7.6 days, respectively; p = 0.296 and p = 0.070, respectively).

4. Discussion

In this study, group II patients (i.e., those who had a stable hemodynamic status as evaluated
by EMS personnel at the injury scene but got worse upon arrival to the ED) and group IV patients
(i.e., those who had an unstable hemodynamic condition both at the injury scene and upon arrival
to the ED) had worse outcomes than group I patients (i.e., those who had a stable hemodynamic
condition at the injury scene and in the ED). Group II and IV patients had a higher ISS, a higher
incidence of commonly associated injuries, and underwent more procedures than group I patients.
These patients also had worse outcomes regarding hospital LOS, the proportion of patients admitted
to the ICU, and in-hospital mortality. On the other hand, group III patients (i.e., those who had an
improved hemodynamic condition upon arrival to the ED than that at the injury scene), had a good
response after EMS involvement and demonstrated no significant differences regarding injury severity,
mortality, the proportion of patients admitted to the ICU, and hospital and ICU LOS when compared to
group I patients.
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Table 2. Transport time and procedures performed by EMS and ED personnel.

Variables EMS RSIě 1 ED
RSI < 1

n = 85 (II)

EMS RSI < 1 ED
RSIě 1

n = 98 (III)

EMS RSI < 1 ED
RSI < 1

n = 47 (IV)

EMS RSIě 1 ED
RSIě 1

n = 3485 (I)

OR (95%CI) p OR (95%CI) p OR (95%CI) p

II vs. I III vs. I IV vs. I

Transport time

Mean (mins) 23.0˘ 9.6 24.2˘ 8.9 22.1˘ 6.7 22.8˘ 9.4 - 0.864 - 0.138 - 0.603

Range (mins) 10–67 12–68 10–36 4–142 - - - - - -

Procedures performed
by EMS personnel

Intubation 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) - - - - - -

Airway 2 (2.4) 4 (4.1) 1 (2.1) 17 (0.5) 4.9 (1.1–21.6) 0.020 8.7 (2.9–26.3) <0.001 4.4 (0.6–34.0) 0.117

Neck collar 29 (34.1) 28 (28.6) 22 (46.8) 849 (24.4) 1.6 (1.0–2.5) 0.039 1.2 (0.8–1.9) 0.339 2.7 (1.5–4.9) <0.001

Backboard 36 (42.4) 36 (36.7) 23 (48.9) 930 (26.7) 2.0 (1.3–3.1) 0.001 1.6 (1.1–2.4) 0.027 2.6 (1.5–4.7) 0.001

Spinal immobilizer 3 (3.5) 1 (1.0) 0 (0.0) 12 (0.3) 10.6 (2.9–38.2) <0.001 3.0 (0.4–23.2) 0.272 1.0 (1.0–1.0) 0.687

Oxygenation 15 (17.6) 12 (12.2) 11 (23.4) 203 (5.8) 3.5 (2.0–6.2) <0.001 2.3 (1.2–4.2) 0.008 4.9 (2.5–9.9) <0.001

Cardiopulmonary
resuscitation 1 (1.2) 0 (0.0) 0 (0.0) 1 (0.0) 41.5 (2.6–668.7) <0.001 - 0.867 - 0.908

Procedures at ED

Intubation 18 (21.2) 5 (5.1) 8 (17.0) 117 (3.4) 7.7 (4.5–13.4) <0.001 1.5 (0.6–3.9) 0.348 5.9 (2.7–12.9) <0.001

Chest tube insertion 9 (10.6) 3 (3.1) 5 (10.6) 43 (1.2) 9.5 (4.5–20.1) <0.001 2.5 (0.8–8.3) 0.113 9.5 (3.6–25.3) <0.001

Blood transfusion 21 (24.7) 4 (4.1) 15 (31.9) 92 (2.6) 12.1 (7.1–20.7) <0.001 1.6 (0.6–4.4) 0.383 17.3 (9.1–33.0) <0.001
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Table 3. Associated injuries of hospitalized trauma patients.

Variables EMS RSIě 1 ED
RSI < 1

n = 85 (II)

EMS RSI < 1 ED
RSIě 1

n = 98 (III)

EMS RSI < 1 ED
RSI < 1

n = 47 (IV)

EMS RSIě 1 ED
RSIě 1

n = 3485 (I)

OR (95%CI) p OR (95%CI) p OR (95%CI) p

II vs. I III vs. I IV vs. I

Head/Neck trauma
Neurologic deficit 1 (1.2) 1 (1.0) 0 (0.0) 24 (0.7) 1.7 (0.2–12.8) 0.594 1.5 (0.2–11.1) 0.697 1.0 (1.0–1.0) 0.568
Cranial fracture 10 (11.8) 6 (6.1) 1 (2.1) 258 (7.4) 1.7 (0.9–3.3) 0.132 0.8 (0.4–1.9) 0.632 0.3 (0.0–2.0) 0.168

Epidural hematoma 5 (5.9) 4 (4.1) 2 (4.3) 173 (5.0) 1.2 (0.5–3.0) 0.701 0.8 (0.3–2.2) 0.691 0.9 (0.2–3.5) 0.824
Subdural hematoma 10 (11.8) 7 (7.1) 4 (8.5) 319 (9.2) 1.3 (0.7–2.6) 0.411 0.8 (0.4–1.7) 0.495 0.9 (0.3–2.6) 0.879

Subarachnoid
hemorrhage 10 (11.8) 8 (8.2) 5 (10.6) 382 (11.0) 1.1 (0.6–2.1) 0.815 0.7 (0.4–1.5) 0.380 1.0 (0.4–2.5) 0.944

Intracerebral hematoma 6 (7.1) 1 (1.0) 0 (0.0) 69 (2.0) 3.8 (1.6–8.9) 0.001 0.5 (0.1–3.7) 0.498 - 0.330
Cerebral contusion 5 (5.9) 8 (8.2) 1 (2.1) 173 (5.0) 1.2 (0.5–3.0) 0.701 1.7 (0.8–3.6) 0.154 0.4 (0.1–3.0) 0.372
Cervical vertebral

fracture 3 (3.5) 1 (1.0) 1 (2.1) 28 (0.8) 4.5 (1.4–15.2) 0.007 1.3 (0.2–9.5) 0.813 2.7 (0.4–20.2) 0.318

Maxillofacial trauma
Orbital fracture 0 (0.0) 4 (4.1) 0 (0.0) 77 (2.2) - 0.166 1.9 (0.7–5.3) 0.219 - 0.303

Maxillary fracture 0 (0.0) 1 (1.0) 1 (2.1) 54 (1.5) - 0.248 0.7 (0.1–4.8) 0.674 1.4 (0.2–10.2) 0.750
Mandibular fracture 6 (7.1) 10 (10.2) 6 (12.8) 247 (7.1) 1.0 (0.4–2.3) 0.992 1.5 (0.8–2.9) 0.238 1.9 (0.8–4.6) 0.134

Nasal fracture 1 (1.2) 3 (3.1) 2 (4.3) 80 (2.3) 0.5 (0.1–3.7) 0.494 1.3 (0.4–4.3) 0.619 1.9 (0.5–7.9) 0.375
Thoracic trauma

Rib fracture 11 (12.9) 17 (17.3) 14 (29.8) 357 (10.2) 1.3 (0.7–2.5) 0.419 1.8 (1.1–3.1) 0.023 3.7 (2.0–7.0) <0.001
Hemothorax 3 (3.5) 6 (6.1) 4 (8.5) 48 (1.4) 2.6 (0.8–8.6) 0.099 4.7 (2.0–11.2) <0.001 6.7 (2.3–19.3) <0.001

Pneumothorax 4 (4.7) 2 (2.0) 3 (6.4) 57 (1.6) 3.0 (1.1–8.4) 0.031 1.3 (0.3–5.2) 0.756 4.1 (1.2–13.6) 0.012
Hemopneumothorax 5 (5.9) 2 (2.0) 6 (12.8) 35 (1.0) 6.2 (2.4–16.1) <0.001 2.1 (0.5–8.7) 0.317 14.4 (5.8–36.2) <0.001

Lung contusion 4 (4.7) 0 (0.0) 0 (0.0) 43 (1.2) 4.0 (1.4–11.3) 0.006 - 0.269 - 0.444
Abdominal trauma

Intra–abdominal injury 4 (4.7) 1 (1.0) 7 (14.9) 77 (2.2) 2.2 (0.8–6.1) 0.127 0.5 (0.1–3.3) 0.426 7.7 (3.4–17.8) <0.001
Hepatic injury 12 (14.1) 5 (5.1) 7 (14.9) 70 (2.0) 8.0 (4.2–15.4) <0.001 2.6 (1.0–6.7) 0.035 8.5 (3.7–19.7) <0.001
Splenic injury 4 (4.7) 2 (2.0) 4 (8.5) 28 (0.8) 6.1 (2.1–17.8) <0.001 2.6 (0.6–11.0) 0.185 11.5 (3.9–34.2) <0.001

Retroperitoneal injury 2 (2.4) 0 (0.0) 0 (0.0) 5 (0.1) 16.8 (3.2–87.7) <0.001 - 0.707 - 0.795
Renal injury 2 (2.4) 0 (0.0) 1 (2.1) 13 (0.4) 6.4 (1.4–29.0) 0.005 - 0.545 5.8 (0.7–45.3) 0.057

Extremity trauma
Humeral fracture 1 (1.2) 5 (5.1) 3 (6.4) 174 (5.0) 0.2 (0.0–1.6) 0.107 1.0 (0.4–2.6) 0.961 1.3 (0.4–4.2) 0.664

Radial fracture 5 (5.9) 7 (7.1) 3 (6.4) 351 (10.1) 0.6 (0.2–1.4) 0.203 0.7 (0.3–1.5) 0.340 0.6 (0.2–2.0) 0.403
Ulnar fracture 3 (3.5) 5 (5.1) 4 (8.5) 173 (5.0) 0.7 (0.2–2.2) 0.546 1.0 (0.4–2.6) 0.951 1.8 (0.6–5.0) 0.268
Pelvic fracture 6 (7.1) 4 (4.1) 7 (14.9) 121 (3.5) 2.1 (0.9–4.9) 0.078 1.2 (0.4–3.3) 0.746 4.9 (2.1–11.1) <0.001

Femoral fracture 14 (16.5) 14 (14.3) 8 (17.0) 393 (11.3) 1.6 (0.9–2.8) 0.137 1.3 (0.7–2.3) 0.355 1.6 (0.8–3.5) 0.218
Tibial fracture 10 (11.8) 14 (14.3) 5 (10.6) 373 (10.7) 1.1 (0.6–2.2) 0.755 1.4 (0.8–2.5) 0.260 1.0 (0.4–2.5) 0.989

Fibular fracture 5 (5.9) 10 (10.2) 3 (6.4) 222 (6.4) 0.9 (0.4–2.3) 0.856 1.7 (0.9–3.3) 0.128 1.0 (0.3–3.3) 0.997

Table 4. Length of stay in the hospital and the intensive care unit.

Variables EMS RSIě 1 ED
RSI < 1 n = 85 (II)

EMS RSI < 1 ED RSI
ě 1 n = 98 (III)

EMS RSI < 1 ED
RSI < 1 n = 47 (IV)

EMS RSIě 1 ED RSI
ě 1 n = 3485 (I)

OR (95%CI) p OR (95%CI) p OR (95%CI) p

II vs. I III vs. I IV vs. I

Hospital LOS
days 15.2˘ 14.5 10.9˘ 12.0 16.9˘ 16.2 9.5˘ 9.4 - 0.001 - 0.156 - <0.001

ICU LOS
n (%) 39 (45.9) 19 (19.4) 24 (51.1) 575 (16.5) 4.3 (2.8–6.6) <0.001 1.2 (0.7–2.0) 0.448 5.3 (3.0–9.4) <0.001
days 13.1˘ 14.3 6.5˘ 6.2 13.0˘ 20.3 7.6˘ 8.2 - 0.296 - 0.397 - 0.070
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Therefore, specific attention should be provided to group II patients because they have a higher
AOR for mortality than patients in other groups. For example, group II patients had an AOR for
mortality 5.8-times greater than that of group I patients while group IV patients had an AOR for
mortality 1.1-times greater than group I patients. Group II patients are younger and sustained injuries
to more regions (excluding the face) than group I patients. Considering that the mean transport time
was short (less than 25 min) in all groups, the quickly deteriorating hemodynamic condition upon
arrival to the ED is an alarming sign for these relatively younger patients. In particular, these patients
are more likely to have a severe injury to the thoracoabdominal areas. A higher OR was also found
for sustaining pneumothorax (3.0-fold), hemopneumothorax (6.2-fold), a lung contusion (4.0-fold),
hepatic injury (8.0-fold), splenic injury (6.1-fold), retroperitoneal injury (16.8-fold), and renal injury
(6.4-fold) among group II patients when compared with group I patients. In addition, a higher OR
for intubation (7.7-fold), chest tube insertion (9.5-fold), and blood transfusion (12.1-fold) was noted in
group II patients as well.

Furthermore, group IV and group II patients had similar characteristics and a similar injury
pattern. Group IV patients had a similarly high ISS as well as a higher OR for sustaining a rib
fracture (3.7-fold), hemothorax (6.7-fold), pneumothorax (4.1-fold), hemopneumothorax (14.4-fold),
an intra-abdominal injury (7.7-fold), hepatic injury (8.5-fold), splenic injury (11.5-fold), and pelvic
fracture (4.9-fold) when compared to group I patients. In addition, a higher OR for intubation (5.9-fold),
chest tube insertion (9.5-fold), and blood transfusion (17.3-fold) was also found. However, the AOR
for mortality was only slightly significantly higher than that of group I patients (AOR: 1.1, 95% CI:
1.1–1.1, p < 0.001), even though hemodynamic instability was established at both the injury scene and
in the ED. No strong evidence defining the optimal blood pressure level during active hemorrhagic
shock has been documented in the literature [25,26] and the optimal blood pressure level during
resuscitation of a hemorrhagic shock patient is still debated. One study proposed administering a
limited amount of fluids before bleeding control to maintain arterial pressure and minimize dilution of
coagulation factors as well as complications from over fluid resuscitation [27]. For patients with trauma
but without brain injury, European guidelines recommend a target SBP of 80–90 mmHg until major
bleeding in the initial phase has been stopped [28]. Moreover, a policy of permissive hypotension
with judicious fluid administration to maintain a mean arterial pressure in the 60–80 mmHg range
is advisable and appropriate [29–31]. Notably, the significantly higher incidence of hemothorax and
pelvic fracture in group IV patients accompanied by massive blood loss had to be treated with blood or
fluid transfusions as well as more advanced procedures (i.e., chest tube insertion or pressure garment
compression, respectively). The higher mortality rate found in group II patients compared to group
IV patients indicates that patients who have a stable hemodynamic condition at the injury scene but
experience a rapid deterioration of their hemodynamic status require specific attention. Young patients
who present with tachycardia and mild hypotension are in danger of compensatory mechanism failure
and may slip into profound shock unless vigorous therapy is initiated [14]. Reliance on SBP alone may
delay recognition of the shock state [14].

Traumatic injury remains the leading cause of death among people less than 44 years old and
40% of trauma-related deaths are caused by uncontrolled hemorrhagic shock or its sequelae (such as
multiple organ failure) [32]. Significant, untapped opportunities for early recognition and treatment of
critical illnesses may exist within the EMS population. Assessment and treatment of trauma patients
upon arrival to the ED is essential in the presence of life-threatening injuries. Prospectively identifying
patients that would benefit from trauma care is essential to the success of trauma systems. Although
little is known about the ability of EMS personnel to accurately approximate the volume of blood
loss in an out-of-hospital setting, previous studies have reported that EMS providers are not able to
adequately estimate spilled blood volumes [33]. Following the advanced trauma life support paradigm,
“keep algorithms simple”, an RSI < 1 may serve as an alert for attending physicians in the ED. Given
the circumstances in an ED (e.g., many patients waiting in crowded EDs for hours before a physician
evaluation) [34], the timely recognition and rapid treatment of shock can be a difficult task. One of
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the major benefits of using the RSI for evaluation in the ED is that it can be used quickly when first
responders arrive without requiring any additional equipment or cost. An RSI < 1 can alert trauma
surgeons to the need for early intervention and timely preparation upon the arrival of the patient. In
particular, attention should be placed on those with an EMS RSI ě 1 that deteriorates in the ED. Using
the EMS RSI as an additional information may also help alert physicians to a thoracoabdominal injury
with massive bleeding and help to identify patients with serious injuries who need upgraded higher
level of intervention. This may help improve patient outcomes after a severe injury.

Our analysis has several limitations. First, the data were collected prospectively as part of the
required trauma registry process, but our analyses were performed retrospectively and are thus subject
to the limitations of all retrospective studies. Second, injured patients who did not survive until arrival
at the hospital or who were discharged from the ED were not included in the sample, which could
result in a selection bias. Third, age, hypertension, and β- or calcium channel blockers weaken the
association between the SI and mortality rate [23], and the impact of pre-existing comorbidities on the
course of hospitalization and mortality was not included in the analysis and, thus, remains unclear. In
addition, some missing data and the lack of available data regarding patient management, including
type, volume, and speed of fluid resuscitation during transportation by EMS and in the ED, may
result in a bias in the outcome. Finally, some important data, such as cost, treatment delays, and
complications, were not evaluated and may have limited the outcome evaluation results.

5. Conclusions

This retrospective analysis spanning a five-year period showed that using an RSI < 1 as a threshold
to evaluate the hemodynamic condition of trauma patients at the injury scene and upon arrival to the
ED provides valid information regarding the deteriorating outcomes of certain subgroups of patients
in the ED setting. Particular attention and resources should be provided for patients with an EMS
RSI ě 1 that deteriorates to an RSI < 1 upon arrival to the ED since a higher odds of mortality was
found in these patients.
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stay than the normal-weight patients
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Abstract

Background: The adverse effects of obesity on the physical health have been extensively studied in the general
population, but not in motorcycle riders (includes both drivers and pillions). The aim of this study was to compare
injury patterns, injury severities, mortality rates, and in-hospital or intensive care unit (ICU) length of stay (LOS)
between obese and normal-weight patients who were hospitalized for the treatment of trauma following
motorcycle accidents in a level I trauma center.

Methods: Detailed data of 466 obese adult patients with a body mass index (BMI) ≥30 kg/m2 and 2701 normal-
weight patients (25 > BMI ≥18.5 kg/m2) who had sustained motorcycle accident-related injuries were retrieved from
the Trauma Registry System between January 1, 2009 and December 31, 2013. We used the Pearson’s chi-squared
test, Fisher’s exact test, and independent Student’s t-test to analyze differences between the two groups.

Results: Compared to normal-weight motorcycle riders, more obese riders were men and drivers as opposed to
pillions. In addition, fewer obese motorcycle riders showed alcohol intoxication. Analyses of the patients’ Abbreviated
Injury Scale (AIS) scores revealed that obese motorcycle riders presented with a higher rate of injury to the thorax, but
a lower rate of injury to the face than normal-weight patients. In addition, obese motorcycle riders had a 2.7-fold
greater incidence of humeral, 1.9-fold greater incidence of pelvic, and 1.5-fold greater incidence of rib fractures. In
contrast, normal-weight motorcycle riders sustained a significantly higher rate of maxillary and clavicle fractures. Obese
motorcycle riders had a significant longer in-hospital LOS than normal-weight motorcycle riders did (10.6 days vs.
9.5 days, respectively; p = 0.044), with an increase in in-hospital LOS of 0.82 days associated with every 10-unit increase
in BMI. No statistically significant differences in Injury Severity Score (ISS), New Injury Severity Score (NISS), Trauma-Injury
Severity Score (TRISS), mortality, percentage of patients admitted to the ICU, or LOS in the ICU were found between
obese and normal-weight patients.

Discussion: No differences of injury severity, mortality, and LOS in the ICU between obese and normal-weight
motorcycle riders in this study may be partly attributed to the motorcycle injuries occur at relatively low velocity,
considering that the riding of majority of motorcycles are forbidden on highways in Taiwan and that most traffic
accidents occur in relatively crowded streets.
(Continued on next page)
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Conclusion: Obese motorcycle riders had different injury characteristics and bodily injury patterns than normal-weight
motorcycle riders. Moreover, they had a longer in-hospital LOS; this was particularly true for those with pelvic fractures.
However, injury severity and mortality were not significantly different between the two groups.

Keywords: Motorcycle-related injury, Obesity, Injury Severity Score, Mortality, In-hospital length of stay

Background
Obesity is a chronic metabolic disorder that has become
an epidemic and major health problem worldwide [1, 2].
The adverse effects of obesity on the physical health
have been extensively studied in the general population.
While it is known that obesity increases the risk for a
variety of medical conditions including hypertension,
diabetes mellitus, cardiac disease, and pulmonary
thromboembolism [3], the effect of obesity on the injury
pattern and outcome of the trauma patients remains un-
clear. Recent studies have indicated that obese trauma
patients are more likely to require mechanical ventila-
tion, develop multiple organ failure, and spend more
time in the intensive care unit (ICU) [4]. In addition,
prior studies of trauma patients have described an asso-
ciation between obesity and mortality [5, 6]. Whereas
two studies showed that obese men had the highest
mortality risk among the trauma patients [7, 8], others
found no significant difference in mortality between
obese and non-obese patients [9, 10], even after emer-
gency surgery [11, 12].
Using a motorcycle as a means of transportation is

becoming popular in many cities, as it is cheaper,
easier, and more fuel-efficient. Motorcyclists are ex-
tremely vulnerable road participants and can suffer
from severe and often fatal injuries. The increased
use of motorcycles for recreation and the availability
of more powerful motorcycles has led to an in-
creased incidence of motorcycle fatalities and injuries
[13]. In Taiwan, motorcyclists comprise a major por-
tion of the trauma population [14]. Given the in-
crease in body mass index (BMI) in the general
population, it is not surprising that motorcycle
riders’ weights have followed a similar trend [15].
Since the energy involved in an impact is directly
proportional to both mass and velocity (squared),
large unrestrained individuals are at higher risk of
injury. An elevated BMI has been suggested to inten-
sify the energy dissipated in a crash and therefore possibly
increase the individual’s vulnerability to serious injury or
death [15]. Mock et al. showed an odds ratio (OR) for
death of 1.013 (95 % CI 1.007–1.018) for each kilo-
gram increase in body weight [7]. In their study, the
OR for sustaining an injury with an Injury Severity
Score (ISS) ≥9 was 1.008 (95 % CI 1.004–1.011) for each
kilogram increase in body weight [7].

The identification of high-risk injury patterns might
lead to improved care in trauma patients who are admit-
ted to the hospital [16, 17]. Gaining a better understand-
ing of the epidemiology of motorcycle-related trauma is
vital to integrate the knowledge of trauma care into the
trauma system that has to cope with a rising number of
obese patients. Therefore, this study investigated the in-
jury characteristics, injury patterns, injury severities, and
mortality rates of obese patients who were treated for in-
juries that they sustained in motorcycle accidents in a
level I trauma center in southern Taiwan.

Methods
This study was conducted at the Kaohsiung Chang Gung
Memorial Hospital, a 2400-bed facility and level I re-
gional trauma center that provides care to trauma pa-
tients primarily from South Taiwan. Approval for this
study was obtained from the hospital’s institutional re-
view board (IRB) before its initiation with the approval
number 103-5015B. Given its observational nature, the
requirements for written informed consent from each
patient was waived by IRB. This retrospective study was
designed to review all data added to the Trauma Registry
System from January 1, 2009 to December 31, 2013 and
select cases that met the following inclusion criteria:
(1) adult patients aged 20–65 years, (2) obese patients
with a BMI ≥30 kg/m2 and normal-weight patients
with a BMI <25 but ≥18.5 kg/m2 according to the
definition of the World Health Organization [18, 19],
and (3) hospitalization for the treatment of trauma
following a motorcycle accident. The data of patients
who had sustained injuries in a motorcycle accident,
including road and off-road motorcyclist accidents,
were collected for further analysis.
We reviewed the data of all 16,548 registered hospital-

ized patients. Among these, 4773 patients (28.8 %) were
adult motorcycle drivers and pillions (hereafter referred
to as motorcycle riders) with validated BMI data.
Detailed patient information was retrieved from the
Trauma Registry System of our institution and included
data on age, sex, vital signs at admission, injury mechan-
ism, helmet use, Glasgow Coma Scale (GCS) upon
arrival at the emergency department, Abbreviated Injury
Scale (AIS) severity score for each body region, ISS, New
Injury Severity Score (NISS), Trauma-Injury Severity
Score (TRISS), in-hospital length of stay (LOS), LOS in
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the ICU, in-hospital mortality, and rates of associated
complications. In addition, the pre-existed comorbidities
and chronic diseases including diabetes mellitus (DM),
hypertension (HTN), coronary artery diseases (CAD),
and end-stage renal disease (ESRD) were identified. A
blood alcohol concentration (BAC) of 50 mg/dL at the
time of arrival at the hospital was defined as the cut-off
value, as it represents the legal limit for drivers in
Taiwan.
Data collected regarding the obese and normal-weight

population of motorcycle riders were compared using
the SPSS v.20 statistical software (IBM, Armonk, NY,
USA). Pearson’s chi-squared tests, Fisher’s exact tests,
and independent Student’s t-tests were used to analyze
data as applicable. The ORs of the injuries and associ-
ated conditions sustained by obese and normal-weight
patients were calculated with 95 % CIs. The adjusted
odds ratios (AORs) and 95 % CIs for mortality were esti-
mated through stepwise model selection of a multiple
regression model that was adjusted by controlling the
cofounding variables. Linear regression was used to
evaluate the effect of the BMI on the in-hospital LOS. In
the regression analysis, in-hospital LOS was used as the
dependent variable and the BMI as the independent vari-
able. All results are presented as means ± standard errors.
A p-value <0.05 was considered statistically significant.

Results
Injury characteristics
Among the 4773 motorcycle riders, 466 (9.8 %) were
obese, 1317 (27.6 %) overweight (30 > BMI ≥25 kg/m2),
2701 (56.6 %) normal-weight, and 289 (6.0 %) under-
weight (Fig. 1). Only obese patients (n = 466) and
normal-weight patients (n = 2701) were chosen for

further analysis. The mean ages of the obese and
normal-weight patients were 40.7 ± 14.2 and 40.7 ±
14.2 years, respectively (Table 1). Of the 466 obese pa-
tients, 296 (63.5 %) were men and 170 (36.5 %) women.
Of the 2701 normal-weight patients, 1476 (54.6 %) were
men and 1225 (45.4 %) women. We found a significant
statistically difference in the percentage of men vs.
women between the groups (Fig. 1). In addition, there
were significant higher incidence rates of the pre-existed
comorbidities and chronic diseases including DM and
HTN, but not CAD nor ESRD in the obese motorcycle
riders.
Among the injured patients, 3011 (452 obese [97.0 %]

and 2559 normal-weight [94.7 %] patients) were motor-
cycle drivers, whereas only 156 (14 obese [3.0 %] and
142 normal-weight [5.3 %] patients) were pillions
(Table 1). Significantly more obese patients were motor-
cycle drivers and significantly less were pillions when
compared to normal-weight patients (p = 0.038 for each
group). Almost 98 % of patients wore helmets in both
groups and the difference between these two groups was
not statistically significant. A positive BAC was less
frequent among obese than normal-weight patients
(9.0 % vs. 12.4 %, respectively; p = 0.035).

Injury severity
No significant differences in GCS scores (14.3 ± 2.3 vs.
14.1 ± 2.5, respectively; p = 0.197) and the distribution of
proportion of patients at different levels of consciousness
(GCS ≤8, 9–12, or ≥13) were found between obese and
normal-weight patients (Table 1). Analysis of AIS scores
revealed that obese patients had sustained significantly
higher rates of thoracic injuries than normal-weight pa-
tients had (21.7 % vs. 14.4 %, respectively; p <0.001), while

Fig. 1 Body mass indices of the motorcycle riders who were admitted for the treatment of trauma by sex
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Table 1 Demographics of motorcycle riders hospitalized for trauma

Variables Obese Normal Odds ratio (95 %) P

BMI≥ 30 25 > BMI≥ 18.5

n = 466 n = 2701

Gender

Male 296(63.5) 1476(54.6) 1.4(1.18–1.77) <0.001

Female 170(36.5) 1225(45.4) 0.7(0.57–0.85) <0.001

Age 40.7 ± 14.2 40.7 ± 14.2 — 0.986

Mechanism, n(%)

Motorcycle Driver 452(97.0) 2559(94.7) 1.8(1.03–3.13) 0.038

Motorcycle Pillion 14(3.0) 142(5.3) 0.6(0.32–0.98) 0.038

Helmet use, n(%)

Yes 414(88.8) 2360(87.4) 1.2(0.84–1.57) 0.375

NO 42(9.0) 277(10.3) 0.9(0.62–1.22) 0.410

Unknown 10(2.1) 64(2.4) 0.9(0.46–1.77) 0.768

Alcohol > 50, n(%) 42(9.0) 336(12.4) 0.7(0.50–0.98) 0.035

GCS 14.3 ± 2.3 14.1 ± 2.5 — 0.197

≤8 21(4.5) 166(6.1) 0.7(0.45–1.15) 0.166

9–12 23(4.9) 127(4.7) 1.1(0.67–1.66) 0.826

≥13 422(90.6) 2408(89.2) 1.2(0.84–1.63) 0.363

AIS, n(%)

Head/Neck 136(29.2) 887(32.8) 0.8(0.68–1.05) 0.119

Face 99(21.2) 767(28.4) 0.7(0.54–0.86) 0.001

Thorax 101(21.7) 389(14.4) 1.6(1.29–2.10) <0.001

Abdomen 33(7.1) 195(7.2) 1.0(0.67–1.44) 0.915

Extremity 359(77.0) 1969(72.9) 1.2(0.99–1.57) 0.061

ISS 9.7 ± 8.1 9.3 ± 7.5 — 0.339

<16 376(80.7) 2231(82.6) 0.9(0.69–1.13) 0.318

16–24 58(12.4) 334(12.4) 1.0(0.75–1.36) 0.961

≥25 32(6.9) 136(5.0) 1.4(0.93–2.07) 0.103

NISS 11.5 ± 9.5 11.0 ± 9.2 — 0.258

TRISS 0.965 ± 0.100 0.964 ± 0.111 — 0.779

Mortality, n(%) 7(1.5) 32(1.2) 1.3(0.56–2.90) 0.566

LOS (days) 10.6 ± 10.9 9.5 ± 10.2 — 0.044

ICU

Patients, n(%) 93(20.0) 492(18.2) 1.1(0.87–1.43) 0.371

<16 29(6.2) 162(6.0) 1.0(0.69–1.56) 0.850

16–24 37(7.9) 210(7.8) 1.0(0.71–1.47) 0.902

≥25 27(5.8) 120(4.4) 1.3(0.86–2.03) 0.200

LOS in ICU (days) 7.9 ± 7.3 7.0 ± 8.2 — 0.311

<16 6.4 ± 5.5 5.1 ± 4.6 — 0.175

16–24 6.4 ± 5.3 6.1 ± 5.0 — 0.745

≥25 11.7 ± 9.9 11.2 ± 13.4 — 0.853
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normal-weight patients had sustained significantly higher
rates of facial injuries (28.4 % vs. 21.2 %, respectively;
p = 0.001). No significant differences were found be-
tween obese and normal-weight motorcycle riders for
ISS regardless of subtype of injury severity (9.7 ± 8.1 vs.
9.3 ± 7.5, respectively; p = 0.339), NISS (11.5 ± 9.5 vs.
11.0 ± 9.2, respectively; p = 0.258), TRISS (0.965 ± 0.100 vs.
0.964 ± 0.111, respectively; p = 0.779); and in-hospital
mortality (1.5 % vs. 1.2 %, respectively; p = 0.566). After
adjusting for the existed cofounding variables between
these two groups of patients, which included comorbidity
(DM and HTN), gender, positive BAC, AIS injures to the
face or thorax, we found no significant differences were
found between obese and normal-weight motorcycle
(AOR: 1.14, 95 % CI: 0.49–2.67; p = 0.768). We found that
obese patients had a significantly longer in-hospital LOS
than normal-weight patients did (10.6 days vs. 9.5 days,
respectively; p = 0.044).
The linear regression analysis that was used to evalu-

ate the effect of BMI on in-hospital LOS revealed that
BMI was positively associated in- hospital LOS, such
that for every 10 unit increase in BMI an increase in in-
hospital LOS of 0.82 days was detected (p = 0.033). No
significant differences between obese and normal-weight
motorcycle riders were found for the percentage of
patients admitted to the ICU (20.0 % vs. 18.2 %, respect-
ively, p = 0.371) or the LOS in the ICU (7.9 days vs.
7.0 days, respectively; p = 0.311), regardless of injury
severity.

Physiological response & procedures performed at
emergency department
Upon arrival at the emergency department, obese pa-
tients exhibited higher ORs for presenting with worse
heart (OR 1.3, 95 % CI 1.04–1.68; p = 0.021) and respira-
tory rates (OR 3.7, 95 % CI 1.19–11.21; p = 0.031)
than normal-weight patients (Table 2). No significant

differences were detected for other measures such as
a GCS <13 or a systolic blood pressure (SBP) <90 mmHg
were found between obese and normal-weight patients. In
addition, no significant differences were found in the odds
for requiring procedures at the emergency department
(cardiopulmonary resuscitation, intubation, chest tube
insertion, and blood transfusion) (Table 2).

Injury patterns
Table 3 shows the injuries that were associated with the
motorcycle accidents. A significantly higher odds of obese
motorcycle riders vs. normal-weight patients sustained rib
fractures (OR 1.5, 95 % CI 1.14–1.99; p = 0.004), humeral
(OR 2.7, 95 % CI 1.91–3.83; p <0.001), and pelvic fractures
(OR 1.9, 95 % CI 1.23–2.94; p = 0.004) than normal-
weight patients. In contrast, a significantly lower odds of
obese motorcycle riders sustained maxillary (OR 0.5,
95 % CI 0.33–0.72; p <0.001) and clavicle fractures
(OR 0.6, 95 % CI 0.46–0.85; p = 0.003). The in-hospital
LOS was significantly longer in obese patients with pelvic
fractures than in normal-weight patients with pelvic frac-
tures (24.6 days vs. 17.2 days, respectively; p = 0.019). For
the above-mentioned five sustained injuries. No significant
differences of in hospital LOS were found in the patients
sustaining maxillary fracture, rib, clavicle, or humeral frac-
tures (Table 4).

Discussion
This study compared the patient demographics and in-
jury characteristics of obese and normal-weight motor-
cycle riders who were hospitalized at a level I trauma
center. More obese patients were men and motorcycle
riders as opposed to pillions, and fewer presented with
alcohol intoxication when compared to normal-weight
patients. Obese motorcycle riders presented with differ-
ent bodily injury patterns and had a longer in-hospital

Table 2 Worse physiological response on arrival upon and procedures performed at the emergency department

Variables Obese Normal Odds ratio (95 %) P

BMI≥ 30 25 > BMI≥ 18.5

n = 466 n = 2701

Worse physiology at ER, n(%)

GCS < 13 44(9.4) 293(10.8) 0.9(0.61–1.20) 0.363

SBP < 90 mmHg 16(3.4) 69(2.6) 1.4(0.78–2.36) 0.278

Heart rate > 100 beats/min 105(22.5) 487(18.0) 1.3(1.04–1.68) 0.021

Respiratory rate < 10 or >29 5(1.1) 8(0.3) 3.7(1.19–11.21) 0.031

Procedures at ER, n(%)

Cardiopulmonary resuscitation 1(0.2) 3(0.1) 1.9(0.20–18.63) 0.471

Intubation 6(1.3) 65(2.4) 0.5(0.23–1.23) 0.132

Chest tube insertion 8(1.7) 44(1.6) 1.1(0.49–2.26) 0.891

Blood transfusion 19(4.1) 70(2.6) 1.6(0.95–2.68) 0.073
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Table 3 Associated injuries of the motorcycle riders

Variables Obese Normal Odds ratio (95 %) P

BMI≥ 30 25 > BMI≥ 18.5

n = 466 n = 2701

Head trauma, n(%)

Neurologic deficit 3(0.6) 28(1.0) 0.6(0.19–2.04) 0.611

Cranial fracture 31(6.7) 236(8.7) 0.7(0.51–1.10) 0.135

Epidural hematoma (EDH) 20(4.3) 152(5.6) 0.8(0.47–1.21) 0.240

Subdural hematoma (SDH) 47(10.1) 281(10.4) 1.0(0.70–1.34) 0.835

Subarachnoid hemorrhage (SAH) 45(9.7) 326(12.1) 0.8(0.56–1.08) 0.135

Intracerebral hematoma (ICH) 10(2.1) 73(2.7) 0.8(0.41–1.54) 0.487

Cerebral contusion 27(5.8) 174(6.4) 0.9(0.59–1.36) 0.596

Cervical vertebral fracture 6(1.3) 21(0.8) 1.7(0.67–4.15) 0.272

Maxillofacial trauma, n(%)

Orbital fracture 10(2.1) 97(3.6) 0.6(0.31–1.14) 0.111

Nasal fracture 7(1.5) 51(1.9) 0.8(0.36–1.76) 0.566

Maxillary fracture 30(6.4) 334(12.4) 0.5(0.33–0.72) <0.001

Mandibular fracture 12(2.6) 120(4.4) 0.6(0.31–1.04) 0.062

Thoracic trauma, n(%)

Rib fracture 71(15.2) 288(10.7) 1.5(1.14–1.99) 0.004

Sternal fracture 0(0.0) 3(0.1) — 1.000

Hemothorax 14(3.0) 51(1.9) 1.6(0.88–2.93) 0.117

Pneumothorax 7(1.5) 55(2.0) 0.7(0.33–1.62) 0.442

Hemopneumothorax 12(2.6) 40(1.5) 1.8(0.92–3.38) 0.086

Lung contusion 9(1.9) 36(1.3) 1.5(0.70–3.05) 0.313

Thoracic vertebral fracture 5(1.1) 18(0.7) 1.6(0.60–4.38) 0.369

Abdominal trauma, n(%)

Intra-abdominal injury 9(1.9) 50(1.9) 1.0(0.51–2.14) 0.906

Hepatic injury 11(2.4) 74(2.7) 0.9(0.45–1.63) 0.640

Splenic injury 10(2.1) 41(1.5) 1.4(0.71–2.86) 0.320

Retroperitoneal injury 0(0.0) 5(0.2) — 1.000

Renal injury 5(1.1) 17(0.6) 1.7(0.63–4.66) 0.357

Urinary bladder injury 0(0.0) 0(0.0) — —

Lumbar vertebral fracture 2(0.4) 29(1.1) 0.4(0.09–1.67) 0.304

Sacral vertebral fracture 5(1.1) 12(0.4) 2.4(0.85–6.93) 0.092

Extremity trauma, n(%)

Scapular fracture 11(2.4) 74(2.7) 0.9(0.45–1.63) 0.640

Clavicle fracture 51(10.9) 443(16.4) 0.6(0.46–0.85) 0.003

Humeral fracture 50(10.7) 115(4.3) 2.7(1.91–3.83) <0.001

Radial fracture 62(13.3) 291(10.8) 1.3(0.95–1.71) 0.109

Ulnar fracture 28(6.0) 148(5.5) 1.1(0.73–1.67) 0.645

Metacarpal fracture 25(5.4) 104(3.9) 1.4(0.90–2.22) 0.127

Pelvic fracture 28(6.0) 88(3.3) 1.9(1.23–2.94) 0.004

Femoral fracture 49(10.5) 240(8.9) 1.2(0.87–1.67) 0.259

Patella fracture 18(3.9) 79(2.9) 1.3(0.79–2.25) 0.278

Tibial fracture 49(10.5) 288(10.7) 1.0(0.72–1.36) 0.924

Liu et al. Scandinavian Journal of Trauma, Resuscitation and Emergency Medicine  (2016) 24:50 Page 6 of 9



LOS when compared to normal-weight motorcycle
riders.
It has been reported that obese trauma patients sus-

tained more pelvic, rib, and lower extremity fractures,
but fewer liver injuries, mandibular fractures, and cere-
bral injuries than those non-obese trauma patients [20].
Another study demonstrated similar injury patterns of
fewer head, but more chest and lower extremity injuries
[21]. Based on our analysis of the AIS, obese motorcycle
riders presented with a higher rate of injuries to the
thorax, but a lower rate of injuries to the face than
normal-weight motorcycle riders. They also had a 2.7-
fold greater incidence of humeral fractures, 1.9-fold
greater incidence of pelvic fractures, and 1.5-fold greater
incidence of rib fractures of obese motorcycle riders
than normal-weight motorcycle riders did. In contrast,
normal-weight motorcycle riders sustained a significantly
higher odds of maxillary and clavicle fractures than obese
motorcycle riders. However, no significant differences
were found for ISS (regardless of injury severity subtype),
NISS, TRISS, percentage of patients admitted to the ICU,
or LOS in the ICU between obese and normal-weight
patients.
Motorcyclist fatalities accounted for nearly 60 % of all

driving fatalities in Taiwan between 2006 and 2008 [22].
Moreover, the authors of this study revealed an associ-
ation between higher fatality rates and male sex, ad-
vanced age, unlicensed status, not wearing a helmet,
riding after alcohol consumption, and alcohol consump-
tion of more than 550 cc [22]. In the current study, the
mortality rates in obese and normal-weight motorcycle
riders were not significantly different (1.5 % vs 1.2 %,

respectively). However, it is difficult to interpret the
reported body of literature on the association between
obesity and trauma, since reports vary widely in patient
selection, stratification, and the definition of outcomes.
In addition, the number of fatalities among obese
motorcycle riders examined in this study was too
small for statistical analysis. Considering that the rid-
ing of majority of motorcycles are forbidden on high-
ways in Asian cities and that most traffic accidents
occur in relatively crowded streets in these cities, we
hypothesize that the motorcycle injuries that happen
in the Southern Taiwan region occur at relatively low
velocity [14]. This might partially explain why no dif-
ferences were seen for injury severity, mortality, and
LOS in the ICU between obese and normal-weight
patients [4, 15].
Excessive alcohol use might contribute to excess body

weight [23]. Unsurprisingly, a co-occurrence of obesity
and alcohol use was found in approximately 34.7 % of
men and 38.6 % of women in the United States [23]. In
this study, a positive BAC was less frequent among
obese than normal-weight patients (9.0 % vs. 12.4 %, re-
spectively; p = 0.035). Further studies should investigate
whether the lower frequency of alcohol intoxication in
obese patients was caused by the drinking behavior of
these patients or because higher alcohol levels are
needed in individuals with a higher body fat mass to
reach the same BAC as those with a normal fat mass
[24]. Significant changes in pulse rate and SBP were
found in motorcycle riders with weight loads of 0, 10,
15, and 20 kg [25]. The heavier the load, the greater was
the change [25]. In this study, obese patients were more
likely to have worse heart and respiratory rates in the
emergency department than normal-weight patients.
However, because of the lack of baseline data of these
patients, it is hard to clarify the worse heart and respira-
tory rates of the obese patients are due to the existed
baseline variances or a worse cardiovascular fitness dur-
ing stress.
In our study, obese patients had a significantly longer

in-hospital LOS than normal-weight patients did. How-
ever, this difference was not great, as an increase of in-
hospital LOS of only 0.82 days was associated with every
10-unit increase in BMI. Of note, the in-hospital LOS
was significantly longer in obese patients with pelvic
fractures than in normal-weight patients with pelvic
fractures (24.6 days vs. 17.2 days, respectively; p = 0.019).

Table 3 Associated injuries of the motorcycle riders (Continued)

Fibular fracture 27(5.8) 136(5.0) 1.2(0.76–1.78) 0.494

Calcaneal fracture 32(6.9) 145(5.4) 1.3(0.88–1.93) 0.193

Metatarsal fracture 9(1.9) 65(2.4) 0.8(0.40–1.62) 0.531

Table 4 Length of stay in the hospital for the injuries (maxillary
fracture, rib fracture, clavicle fracture, humeral fractures, and
pelvic fracture) that showed different incidences in obese and
normal-weight motorcycle riders

Variables Obese Normal P

BMI≥ 30 25 > BMI≥ 18.5

n = 466 n = 2701

LOS (days)

Maxillary fracture 10.2 ± 6.2 10.7 ± 8.1 0.713

Rib fracture 11.9 ± 11.9 10.8 ± 8.5 0.480

Clavicle fracture 8.9 ± 8.2 8.8 ± 10.1 0.971

Humeral fracture 10.4 ± 11.3 8.2 ± 7.4 0.212

Pelvic fracture 24.6 ± 15.8 17.2 ± 13.9 0.019
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It has been reported that the mean duration of ortho-
pedic surgery in morbidly obese patients was 30 % lon-
ger than in non-obese patients [4], and obesity was
shown to be associated with more complications after
the surgical treatment of pelvic ring injuries [26]. More-
over, medically stable obese patients were found to be
almost twice as likely to experience delayed fracture fix-
ation due to preference of the surgeon [4]. Specific chal-
lenges and complications after musculoskeletal injury,
including difficulty in reducing acetabular fractures, have
also been associated with obesity [27]. Therefore, our find-
ing that obese motorcycle riders with pelvic fractures had
a significantly longer in-hospital LOS than normal-weight
patients with pelvic fractures did is not surprising.
The limitations of this study include the use of a retro-

spective design with its inherent selection bias and the
lack of available data on the circumstances of the mech-
anisms of injury, the speed of the motorcycle during
accidents, the effect of the type of motorcycle, the type
of helmet material, or if any other protective gear such
as knee braces were used. In addition, the statistical ana-
lysis may be underpowered regarding mortality due to a
small number of fatalities among obese motorcycle
riders. Last, lack of exposure data prevented the analysis
of motorcycle-related injuries based on exposure-based
risk (e.g., number of trips, hours of riding, and/or miles
traveled).

Conclusion
Compared to normal-weight adult motorcycle riders,
obese riders presented with different injury characteris-
tics and bodily injury patterns and had a longer in-
hospital LOS; this was particularly true for those with
pelvic fractures. However, injury severity, mortality, the
percentage of patients admitted to the ICU, and the LOS
in the ICU exhibited no statistically significant differ-
ences between obese and normal-weight motorcycle
riders.
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Abstract: Background: Hemorrhage is a leading cause of preventable trauma death. In this study,
we used the reverse shock index (RSI), a ratio of systolic blood pressure (SBP) to heart rate (HR),
to evaluate the hemodynamic stability of trauma patients. As an SBP lower than the HR (RSI < 1)
may indicate hemodynamic instability, the objective of this study was to assess the associated
complications in trauma patients with an RSI < 1 upon arrival at the emergency department (ED)
(indicated as (A)RSI) and at the time of departure from the ED (indicated as (L)RSI) to the operative
room or for admission. Methods: Data obtained from all 16,548 hospitalized patients recorded in
the trauma registry system at a Level I trauma center between January 2009 and December 2013
were retrospectively reviewed. A total of 10,234 adult trauma patients aged ě20 were enrolled and
subsequently divided into four groups: Group I, (A)RSI ě 1 and (L)RSI ě 1 (n = 9827); Group II,
(A)RSI ě 1 and (L)RSI < 1 (n = 76); Group III, (A)RSI < 1 and (L)RSI ě 1 (n = 251); and Group IV,
(A)RSI < 1 and (L)RSI < 1 (n = 80). Pearson’s χ2 test, Fisher’s exact test, or independent Student’s
t-test was conducted to compare trauma patients in Groups II, III, and IV with those in Group I.
Results: Patients in Groups II, III, and IV had a higher injury severity score and underwent a higher
number of procedures, including intubation, chest tube insertion, and blood transfusion, than Group
I patients. Additionally, patients of these groups had increased hospital length of stay (16.3 days,
14.9 days, and 22.0 days, respectively), proportion of patients admitted to the intensive care unit
(ICU) (48.7%, 43.0%, and 62.5%, respectively), and in-hospital mortality (19.7%, 7.6%, and 27.5%,
respectively). Although the trauma patients who had a SBP < 90 mmHg either upon arrival at or
departure from the ED also present a more severe injury and poor outcome, those patients who had a
SBP ě 90 mmHg but an RSI < 1 had a more severe injury and poor outcome than those patients who
had a SBP ě 90 mmHg and an RSI ě 1. Conclusions: SBP lower than heart rate (RSI < 1) either upon
arrival at or departure from the ED may indicate a detrimental sign of poor outcome in adult trauma
patients even in the absence of noted hypotension.
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1. Background

Uncontrolled bleeding is the leading cause of potentially preventable deaths after severe
trauma [1,2]. Hemorrhagic shock accounts for approximately 50% of deaths in the first 24 h after
injury [3,4]. In addition, 40% of trauma-related deaths are attributed to uncontrolled hemorrhagic shock
or its sequelae (such as multiple organ failure) [5]. Measurements of vital signs such as systolic blood
pressure (SBP) and heart rate (HR) are unreliable for identifying hypovolemic shock [6,7]. For example,
hypotensive individuals can have normal tissue perfusion and those who have had hypertension can
have a normal blood pressure during shock [8,9]. To identify hypovolemic shock in patients with
trauma, in 1967, Allgower and Burri introduced the concept of shock index (SI), which is the ratio of
HR to SBP [10]. The SI is known to be a capable measure for hemodynamic instability [11–13] and a
clinical indicator of hypovolemic shock upon arrival at the emergency department (ED), with respect to
transfusion requirements and hemostatic resuscitation [14]. Published studies to date suggest that an
SI ě 1 generally indicates an uncompensated shock state that may require further resuscitation [15,16].
Moreover, SI was shown to be a strong predictor of postintubation hemodynamic instability at the
ED [17]. Patients with an SI ě 1 had a significantly higher transfusion requirement and a higher
mortality rate than other major trauma patients, despite prehospital crystalloid resuscitation [11]. In
addition, an SI ě 1 is associated with an adjusted odds ratio (AOR) of 10.5 (95% confidence interval
(CI): 9.3–11.7) for 30-day mortality [18].

An SI ě 1 indicates HR ě SBP. Although the SI is a useful indicator of shock status of trauma
patients, the calculation of the SI as the ratio of HR to SBP contradicts the basic concept of shock,
which is generally accompanied by a decreased SBP. In a hemodynamically unstable patient, the SBP
is lower than the HR, but not a HR being elevated higher than the SBP, which is revealed as the ratio of
the SI. Therefore, we prefer to use the reverse shock index (RSI), the ratio of SBP to HR, to evaluate
the hemodynamic stability of trauma patients. An RSI < 1 indicates that the SBP is decreased and
lower than the HR and the patient is in a potential state of shock. One of the major benefits of using
the RSI for evaluation in the ED is that it can be used quickly without any additional calculation or
equipment, especially in crowded EDs where patients may have to wait for hours before evaluation by
a physician [19]. An SBP lower than HR (RSI < 1) may alert trauma physicians in a timely manner to
recognize the potential hemodynamic instability, allow early intervention, and monitor the response of
the resuscitation. Therefore, this study was designed to evaluate the associated outcome of patients
with SBP < HR (i.e., RSI < 1) upon arrival at the ED (indicated as (A)RSI) and at the time of departure
from the ED (indicated as (L)RSI) to the operative room or for admission, using data from the trauma
registry system collected over a five-year period at a Level I trauma center.

2. Methods

2.1. Ethics Statement

The Chang Gung Memorial Hospital Institutional Review Board (IRB) approved this study
(approval number 104-0582B). Informed consent was waived according to the IRB regulations.

2.2. Study Design

This retrospective study was conducted at the Kaohsiung Chang Gung Memorial Hospital, a
2400-bed facility and Level I regional trauma center that provides care to trauma patients primarily
from southern Taiwan. This study reviewed all 16,548 hospitalized and registered patients added to
the Trauma Registry System between 1 January 2009 and 31 December 2013. Because children have a
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normally high HR, only patients aged ě20 were included in this study. Patients who had incomplete
data were also excluded. The RSI was calculated as the ratio of SBP to HR (RSI = SBP/HR). In total,
10,234 adult trauma patients were enrolled in this study and were then divided into four groups: Group
I, (A)RSIě 1 and (L)RSIě 1 (n = 9827); Group II, (A)RSIě 1 and (L)RSI < 1 (n = 76); Group III, (A)RSI < 1
and (L)RSI ě 1 (n = 251); and Group IV, (A)RSI < 1 and (L)RSI < 1 (n = 80). Group I (stable throughout:
patients with a stable hemodynamic status upon both arrival at and departure from the ED) was used
as a reference for comparison with Group II (decompensating (stable to unstable): patients with a
stable hemodynamic status upon arrival at the ED but whose condition worsened during departure
from the ED); Group III (improving (unstable to stable): patients with hemodynamic instability upon
arrival at the ED but with an improved condition at the time of departure from the ED); and Group
IV (unstable throughout: patients with hemodynamic instability upon both arrival at and during
departure from the ED). Additionally, these 10,234 trauma patients were further divided into four
additional groups according to their SBP: Group V, (A)SBP ě 9 0 mmHg and (L)SBP ě 90 mmHg
(n = 9960); Group VI, (A)SBP ě 90 mmHg and (L)SBP < 90 mmHg (n = 35); Group VII,
(A)SBP < 90 mmHg and (L)SBP ě 90 mmHg (n = 191); and Group VIII, (A)SBP < 90 mmHg and
(L)SBP < 90 mmHg (n = 48). Patients leaving the ED were further transferred to the ward, intensive
care unit (ICU), or the operative room.

Detailed patient information was collected with regard to age, sex, vital signs (assessed by the
physician upon arrival at and departure from the ED), the Glasgow coma scale (GCS) score (assessed
upon arrival at the ED), procedures performed by the physician at the ED (intubation, chest tube
insertion, and blood transfusion), the abbreviated injury scale (AIS) score for each body region, the
injury severity score (ISS), the new injury severity score (NISS), the trauma and injury severity score
(TRISS), length of stay (LOS) in the hospital, LOS in the ICU, in-hospital mortality, and complications
associated with injuries. In our study, the primary outcome was in-hospital mortality, and the secondary
outcomes were the proportion of patients admitted into the ICU, the LOS in the hospital, and the LOS
in the ICU.

Data were compared using SPSS version 20 statistical software (IBM Corporation, Armonk, NY,
USA). We used a Pearson’s χ2 test, Fisher’s exact test, or independent Student’s t-test, as applicable.
All results are presented as mean ˘ standard error. A p-value of <0.05 was considered statistically
significant. A single logistic model was employed to simultaneously estimate the relationship between
the independent variables and the outcome. Odds ratios (ORs) were calculated with 95% confidence
intervals (CIs). To estimate associations between different groups and mortality outcomes, we created
separate logistic regression models controlled by the most important confounder—ISS—and expressed
AORs for mortality with 95% CIs.

3. Results

3.1. Injury Characteristics of Patients Divided According to Reverse Shock Index (RSI)

The mean ages of patients in Groups I, II, III, and IV were 42.9 ˘ 13.4, 39.3 ˘ 13.7, 39.4 ˘ 12.6, and
38.2 ˘ 12.7 years, respectively (Table 1). Compared to Group I patients, Group II, III, and IV patients
had a significantly younger population. A statistically significant male predominance was found in
both Group III and IV patients as compared to Group I patients. There were also significantly lower
GCS scores of more than 1 point in Group II, III, and IV patients than in Group I patients. In addition,
the distribution of scores (GCS ď 8, 9–12 or ě 13) were different between patients of Groups II, III,
and IV and those of Group I. Analysis of AIS scores revealed that, compared to Group I patients,
Group II patients had sustained significantly higher rates of injuries to the head/neck, face, thorax,
and abdomen, but not to the extremities; Group III patients had sustained significantly higher rates of
injuries to the head/neck, face, thorax, abdomen and extremities; and Group IV patients had sustained
significantly higher rates of injuries to the head/neck, thorax, abdomen and extremities. A significantly
higher ISS score was found in Group II, III, and IV patients in comparison to Group I patients. When
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stratified by injury severity (ISS of <16, 16–24, or ě25), Groups II, III, and IV had more patients with
an ISS of 16–24 and ě25 and had less patients with an ISS of <16 than Group I patients. In addition,
we also found a significantly higher NISS in Group II, III, and IV patients than in Group I patients.
Further, Group I patients showed a significantly lower TRISS than Group II, III, and IV patients. The
in-hospital mortality rate of Group II (19.7%; p < 0.001), III (7.6%; p < 0.001), and IV (27.5%; p < 0.001)
patients were significantly higher than that of the Group I patients (0.9%). After adjustment by ISS,
the AOR of mortality of the Group II, III, and IV patients was 7.6-fold (95% confidence interval (CI):
3.5–16.4; p < 0.001), 2.0-fold (95% CI: 1.0–3.8; p = 0.047), and 9.5-fold (95% CI: 4.9–18.8; p < 0.001) greater
than that of the Group I patients, respectively.

3.2. Injury Characteristics of Patients Divided According to Systolic Blood Pressure (SBP)

Compared to Group V patients, no significant difference in the age and sex was found in Group VI,
VII, and VIII patients (Table 2). There were significantly lower GCS scores of more than 1 point in
Group VI, VII, and VIII patients as compared to Group V patients. In addition, the distribution of
scores (GCS ď 8, 9–12 or ě 13) were different between patients of Groups VI, VII, and VIII and those
of Group V. Analysis of AIS scores revealed that, compared to Group V patients, Group VI patients
had sustained significantly higher rates of injuries to the head/neck and thorax, but not to the face,
abdomen, and extremities; Group VII patients had sustained significantly higher rates of injuries to
the head/neck, thorax, abdomen, and extremities, but not to the face; and Group VIII patients had
sustained significantly higher rates of injuries to the thorax and abdomen, but not to the head/neck,
face, and extremities. A significantly higher ISS score was found in Group VI, VII, and VIII patients
in comparison to Group V patients. When stratified by injury severity (ISS of <16, 16–24, or ě25),
the Group VI, VII, and VIII patients had more patients with an ISS of 16–24 and ě25 and had less
patients with an ISS of <16 than Group V patients. In addition, we found a significantly higher NISS in
Group VI, VII, and VIII patients than in Group V patients. Furthermore, Group V patients showed
a significantly lower TRISS than Group VI, VII, and VIII patients. The in-hospital mortality rate of
Group VI (31.4%; p < 0.001), VII (8.9%; p < 0.001), and VIII (25.0%; p < 0.001) patients were significantly
higher than that of the Group V patients (1.1%). After adjustment by ISS, the AOR of mortality of
the Group VI, VII, and VIII patients was 28.1-fold (95% confidence interval (CI): 11.6–68.2; p < 0.001),
3.7-fold (95% CI: 1.9–7.6; p < 0.001), and 11.1-fold (95% CI: 4.9–25.5; p < 0.001) greater than that of the
Group V patients, respectively.

3.3. Management Characteristics of Patients Divided According to the RSI

As shown in Table 3, all Group II, III, and IV patients had a significantly higher odds ratio
(OR) for receiving intubation, chest tube insertion, and blood transfusion than Group I patients. A
significantly longer hospital LOS was noted among Group II, III, and IV patients compared with
Group I patients (16.3, 14.9, and 22.0 vs. 8.9 days, respectively; p < 0.001). A total of 5203 (52.9%)
patients from Group I, 32 (42.1%) patients from Group II, 110 (43.8%) patients from Group III, and
9 (11.3%) patients from Group IV went to the operating room directly from the ED. Furthermore, a
significantly larger proportion of Group II, III, and IV patients were admitted to the ICU as compared
to Group I patients (48.7%, 43.0%, and 62.5% vs. 15.1%, respectively; all p < 0.001). A significantly
longer ICU LOS was noted in Group IV patients (14.7 vs. 8.8 days; p < 0.001), but not in Group II and
IV patients.
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Table 1. Demographic and injury characteristics of hospitalized trauma patients divided by the level of RSI.

Variables
(A)RSI ě 1
(L)RSI < 1
n = 76 (II)

(A)RSI < 1
(L)RSI ě 1
n = 251 (III)

(A)RSI < 1
(L)RSI < 1
n = 80 (IV)

(A)RSI ě 1
(L)RSI ě 1
n = 9827 (I)

II vs. I III vs. I IV vs. I

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Age 39.3 ˘ 13.7 39.4 ˘ 12.6 38.2 ˘ 12.7 42.9 ˘ 13.4 - 0.020 - <0.001 - 0.002

Gender
Male 48 (63.2) 177 (70.5) 63 (78.8) 6193 (63.0) 1.0 (0.6–1.6) 0.980 1.4 (1.1–1.9) 0.015 2.2 (1.3–3.7) 0.004
Female 28 (36.8) 74 (29.5) 17 (21.2) 3634 (37.0) 1.0 (0.6–1.6) 0.980 0.7 (0.5–0.9) 0.015 0.5 (0.3–0.8) 0.004

GCS, mean ˘ SD 12.0 ˘ 4.5 12.5 ˘ 4.2 11.2 ˘ 4.7 14.4 ˘ 2.0 - <0.001 - <0.001 - <0.001

GCS, median
(IQR) 15 (8–15) 15 (12–15) 14 (6–15) 15 (15–15)

ď8 21 (27.6) 50 (19.9) 22 (27.5) 373 (3.8) 9.7 (5.8–16.2) <0.001 6.3 (4.6–8.7) <0.001 9.6 (5.8–15.9) <0.001
9–12 4 (5.3) 20 (8.0) 12 (15.0) 319 (3.2) 1.7 (0.6–4.6) 0.324 2.6 (1.6–4.1) <0.001 5.3 (2.8–9.8) <0.001
ě13 51 (67.1) 181 (72.1) 46 (57.5) 9135 (93.0) 0.2 (0.1–0.3) <0.001 0.2 (0.2–0.3) <0.001 0.1 (0.1–0.2) <0.001

AIS
Head/Neck 37 (48.7) 99 (39.4) 35 (43.8) 2331 (23.7) 3.1 (1.9–4.8) <0.001 2.1 (1.6–2.7) <0.001 2.5 (1.6–3.9) <0.001
Face 26 (34.2) 59 (23.5) 18 (22.5) 1777 (18.1) 2.4 (1.5–3.8) <0.001 1.4 (1.0–1.9) 0.028 1.3 (0.8–2.2) 0.307
Thorax 30 (39.5) 76 (30.3) 31 (38.8) 1133 (11.5) 5.0 (3.2–8.0) <0.001 3.3 (2.5–4.4) <0.001 4.9 (3.1–7.6) <0.001
Abdomen 17 (22.4) 64 (25.5) 26 (32.5) 587 (6.0) 4.5 (2.6–7.8) <0.001 5.4 (4.0–7.2) <0.001 7.6 (4.7–12.2) <0.001
Extremities 49 (64.5) 162 (64.5) 50 (62.5) 7139 (72.6) 0.7 (0.4–1.1) 0.112 0.7 (0.5–0.9) 0.005 0.6 (0.4–1.0) 0.043

ISS, mean ˘ SD 17.8 ˘ 13.2 14.7 ˘ 13.8 21.4 ˘ 14.4 7.7 ˘ 6.6 - <0.001 - <0.001 - <0.001

ISS, median (IQR) 17 (9–25) 10 (4–18) 20 (10–29) 5 (4–9)
<16 37 (48.7) 154 (61.4) 30 (37.5) 8611 (87.6) 0.1 (0.1–0.2) <0.001 0.2 (0.2–0.3) <0.001 0.1 (0.1–0.1) <0.001
16–24 20 (26.3) 54 (21.5) 20 (25.0) 878 (8.9) 3.6 (2.2–6.1) <0.001 2.8 (2.1–3.8) <0.001 3.4 (2.0–5.7) <0.001
ě25 19 (25.0) 43 (17.1) 30 (37.5) 338 (3.4) 9.4 (5.5–15.9) <0.001 5.8 (4.1–8.2) <0.001 16.8 (10.6–26.8) <0.001

NISS 19.4 ˘ 13.5 16.1 ˘ 14.6 25.6 ˘ 17.1 9.0 ˘ 8.3 - <0.001 - <0.001 - <0.001

Mortality 15 (19.7) 19 (7.6) 22 (27.5) 89 (0.9) 26.9
(14.7–49.1) <0.001 9.0 (5.4–15.0) <0.001 41.5 (24.4–70.7) <0.001

Controlled by ISS - - - - 7.6 (3.5–16.4) <0.001 2.0 (1.0–3.8) 0.047 9.5 (4.9–18.8) <0.001
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Table 2. Management characteristics of hospitalized trauma patients divided by the level of RSI.

Variables
(A)SBP ě 90
(L)SBP < 90
n = 35 (VI)

(A)SBP < 90
(L)SBP ě 90
n = 191 (VII)

(A)SBP < 90
(L)SBP < 90
n = 48 (VIII)

(A)SBP ě 90
(L)SBP ě 90
n = 9960 (V)

VI vs. V VII vs. V VIII vs. V

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Age 45.3 ˘ 15.4 42.1 ˘ 12.7 43.3 ˘ 12.4 42.8 ˘ 13.4 - 0.263 - 0.451 - 0.807

Gender
Male 25 (71.4) 124 (64.9) 26 (54.2) 6306 (63.3) 1.4 (0.7–3.0) 0.382 1.1 (0.8–1.5) 0.703 0.7 (0.4–1.2) 0.229
Female 10 (28.6) 67 (35.1) 22 (45.8) 3654 (36.7) 0.7 (0.3–1.4) 0.382 0.9 (0.7–1.3) 0.703 1.5 (0.8–2.6) 0.229

GCS, mean ˘ SD 12.5 ˘ 4.3 12.7 ˘ 4.1 11.6 ˘ 4.5 14.4 ˘ 2.1 - 0.012 - <0.001 - <0.001

GCS, median (IQR) 15 (11–15) 15 (12–15) 14.5 (9–15) 15 (15–15)
ď8 8 (22.9) 34 (17.8) 10 (20.8) 414 (4.2) 6.8 (3.1–15.1) <0.001 5.0 (3.4–7.3) <0.001 6.1 (3.0–12.3) <0.001
9–12 2 (5.7) 14 (7.3) 9 (18.8) 330 (3.3) 1.8 (0.4–7.4) 0.631 2.3 (1.3–4.0) 0.007 6.7 (3.2–14.0) <0.001
ě13 25 (71.4) 143 (74.9) 29 (60.4) 9216 (92.5) 0.2 (0.1–0.4) <0.001 0.2 (0.2–0.3) <0.001 0.1 (0.1–0.2) <0.001

AIS
Head/Neck 17 (48.6) 67 (35.1) 16 (33.3) 2402 (24.1) 3.0 (1.5–5. 8) 0.002 1.7 (1.3–2.3) 0.001 1.6 (0.9–2.9) 0.174
Face 10 (28.6) 36 (18.8) 5 (10.4) 1829 (18.4) 1.8 (0.9–3.7) 0.126 1.0 (0.7–1.5) 0.858 0.5 (0.2–1.3) 0.191
Thorax 15 (42.9) 58 (30.4) 14 (29.2) 1183 (11.9) 5.6 (2.8–10.9) <0.001 3.2 (2.4–4.4 <0.001 3.1 (1.6–5.7) 0.001
Abdomen 4 (11.4) 61 (31.9) 19 (39.6) 610 (6.1) 2.0 (0.7–5.6) 0.165 7.2 (5.3–9.9) <0.001 10.0 (5.6–18.0) <0.001
Extremities 21 (60.0) 125 (65.4) 37 (77.1) 7217 (72.5) 0.6 (0.3–1.1) 0.127 0.7 (0.5–1.0) 0.032 1.3 (0.7–2.5) 0.516

ISS, mean ˘ SD 15.3 ˘ 10.1 13.7 ˘ 13.1 17.9 ˘ 11.9 7.9 ˘ 7.0 - <0.001 - <0.001 - <0.001

ISS, median (IQR) 13 (9–22) 9 (4–18) 16.5 (9–26) 5 (4–9)
<16 18 (51.4) 131 (68.6) 22 (45.8) 8661 (87.0) 0.2 (0.1–0.3) <0.001 0.3 (0.2–0.5) <0.001 0.1 (0.1–0.2) <0.001
16–24 9 (25.7) 33 (17.3) 11 (22.9) 919 (9.2) 3.4 (1.6–7.29) 0.004 2.1 (1.4–3.0) <0.001 2.9 (1.5–5.8) 0.004
ě25 8 (22.9) 27 (14.1) 15 (31.2) 380 (3.8) 7.5 (3.37–16.6) <0.001 4.2 (2.7–6.3) <0.001 11.5 (6.2–21.3) <0.001

NISS 17.2 ˘ 10.3 15.5 ˘ 14.2 21.9 ˘ 14.6 9.2 ˘ 8.6 - <0.001 - <0.001 - <0.001

Mortality 11 (31.4) 17 (8.9) 12 (25.0) 105 (1.1) 43.0
(20.5–90.1) <0.001 9.2 (5.4–15.6) <0.001 31.3 (15.8–61.8) <0.001

Controlled by ISS - - - - 28.1
(11.6–68.2) <0.001 3.7 (1.9–7.6) <0.001 11.1 (4.9–25.5) <0.001
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Table 3. Demographic and injury characteristics of hospitalized trauma patients divided by the level of SBP.

Variables
(A)RSI ě 1
(L)RSI < 1
n = 76 (II)

(A)RSI < 1
(L)RSI ě 1
n = 251 (III)

(A)RSI < 1
(L)RSI < 1
n = 80 (IV)

(A)RSI ě 1
(L)RSI ě 1
n = 9827 (I)

II vs. I III vs. I IV vs. I

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Procedures at ED
Intubation 13 (17.1) 24 (9.6) 14 (17.5) 168 (1.7) 11.9 (6.4–22.0) <0.001 6.1 (3.9–9.5) <0.001 12.2 (6.7–22.2) <0.001
Chest tube
insertion 7 (9.2) 21 (8.4) 10 (12.5) 121 (1.2) 8.1 (3.7–18.1) <0.001 7.3 (4.5–11.9) <0.001 11.5 (5.8–22.8) <0.001

Blood transfusion 14 (18.4) 45 (17.9) 32 (40.0) 184 (1.9) 11.8 (6.5–21.5) <0.001 11.4 (8.0–16.3) <0.001 34.9 (21.8–55.9) <0.001
Hospital LOS
(days) 16.3 ˘ 16.1 14.9 ˘ 16.7 22.0 ˘ 20.7 8.9 ˘ 9.7 - <0.001 - <0.001 - <0.001

ICU LOS
n (%) 37 (48.7) 108 (43.0) 50 (62.5) 1484 (15.1) 5.3 (3.4–8.4) <0.001 4.2 (3.3–5.5) <0.001 9.4 (5.9–14.8) <0.001
days 6.9 ˘ 6.2 10.8 ˘ 20.2 14.7 ˘ 18.2 8.8 ˘ 10.5 - 0.282 - 0.070 - <0.001
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3.4. Management Characteristics of Patients Divided According to the SBP

Compared with Group V patients, Group VI patients had a statistically significantly higher OR
for receiving intubation and blood transfusion (OR: 4.8 and 8.4, p = 0.030 and < 0.001, respectively);
Group VII patients had a statistically significantly higher OR for receiving intubation, chest tube
insertion, and blood transfusion (OR: 4.7, 5.6, and 16.0, respectively, all p < 0.001); and Group VIII
patients had a statistically significantly higher OR for receiving intubation, chest tube insertion, and
blood transfusion (OR: 11.8, 6.4, and 24.3, p < 0.001, p = 0.005, and p < 0.001, respectively) (Table 4). A
significantly longer hospital LOS was noted among Group VII and VIII patients, but not Group VI
patients, compared with Group V patients (Group VII and VIII: 12.2 and 21.4 vs. Group V: 9.1 days,
p < 0.001 and p = 0.001, respectively). Furthermore, a significantly larger proportion of Group VI, VII,
and VIII patients were admitted to the ICU as compared to Group V patients (40.0%, 39.8% and 54.2%
vs. 15.7%, respectively; all p < 0.001), and Group VI, VII, and VIII patients did not show significantly
longer ICU LOS than Group V patients.

3.5. Injury Characteristics of Patients with SBP ě 90 mmHg but RSI < 1

Discrepancy of injury characteristics existed in the subgroups of patients divided by either the
RSI or SBP level (Table 5). Upon arrival at the ED, 186 (1.8%) patients had an SBP ě 90 mmHg but an
RSI < 1, indicating the occurrence of an occult hypoperfusion even in the absence of noted hypotension.
However, at the time of departure from the ED, 112 (1.1%) patients had an SBP ě 90 mmHg but an
RSI < 1. As shown in Table 6, further analysis compared the patients with SBP ě 90 mmHg but RSI < 1
to those who had a recognized stable hemodynamic condition (i.e., RSI ě 1 and SBP ě 90 mmHg) and
revealed that regardless of arrival at the ED or departure from the ED, a significantly lower GCS score,
higher proportion of patients in comatose status (GCS ď 8), higher rates of injuries to the head/neck,
face, thorax, and abdomen, but lower rate of injures to the extremities, higher ISS score, more patients
with an ISS of 16–24 andě25 and less patients with an ISS of < 16, and higher in-hospital mortality rate
were found. After adjustment with ISS, the AOR of mortality of the group of patients (SBPě 90 mmHg
but RSI < 1) was 2.2-fold (95% CI: 1.1–4.5; p = 0.036) and 6.2-fold (95% CI: 3.2–11.9; p < 0.001) upon
arrival at and the time of departure from the ED, respectively, greater than that of the hemodynamic
patients. Notably, the number of the patients with poor outcome identified by an RSI < 1 either upon
arrival or departure from the ED (total of 407 patients in Levels II + III + IV) was larger than that of
patients with poor outcome, identified by an SBP < 90 mmHg (total of 274 patients in Levels VI + VII +
VIII), indicating that RSI may be more sensitive than SBP for identifying the patients at risk of poor
outcome in the ED.

3.6. Management Characteristics of Patients with SBP ě 90 mmHg but RSI < 1

Compared to the hemodynamically stable patients who had an RSI ě 1 and an SBP ě 90 mmHg,
those who had an SBP ě 90 mmHg but an RSI < 1 (Table 7) presented a significantly higher OR for
receiving intubation, chest tube insertion, and blood transfusion (OR: 5.5, 7.3, and 8.2, respectively, all
p < 0.001), longer hospital LOS (16.6 vs. 9.0 days; p < 0.001), proportion of patients admitted to the ICU
(43.5% vs. 15.3%; p < 0.001), and ICU LOS (13.2 vs. 8.7 days; p < 0.001).

3.7. Characteristics of Associated Injuries of Patients Divided According to the RSI

In the head/neck region, all three groups (II, III, and IV) had a significantly higher OR for
sustaining cranial fracture and cervical vertebral fracture than Group I patients. In the thoracic region,
all three groups had a significantly higher OR for sustaining rib fracture, hemothorax, pneumothorax,
hemopneumothorax, and lung contusion. In the abdomen, all three groups had a significantly higher
OR for sustaining hepatic injury and splenic injury. In the extremity region, all three groups had a
significantly higher OR for sustaining pelvic fracture and femoral fracture. In addition, all three groups
showed significantly higher ORs for sustaining several associated injuries as compared to Group I
patients; detailed information on this is listed in Figure 1 and Table A1.
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Table 4. Management characteristics of hospitalized trauma patients divided by the level of SBP.

Variables
(A)SBP ě 90
(L)SBP < 90
n = 35 (VI)

(A)SBP < 90
(L)SBP ě 90
n = 191 (VII)

(A)SBP < 90
(L)SBP < 90
n = 48 (VIII)

(A)SBP ě 90
(L)SBP ě 90
n = 9960 (V)

VI vs. V VII vs. V VIII vs. V

OR (95% CI) p OR (95% CI) p OR (95% CI) p

Procedures at ED
Intubation 3 (8.6) 16 (8.4) 9 (18.8) 191 (1.9) 4.8 (1.5–15.8) 0.030 4.7 (2.8–8.0) <0.001 11.8 (5.6–24.7) <0.001
Chest tube insertion 2 (5.7) 14 (7.3) 4 (8.3) 139 (1.4) 4.3 (1.02–18.0) 0.087 5.6 (3.2–9.9) <0.001 6.4 (2.3–18.1) 0.005
Blood transfusion 6 (17.1) 54 (28.3) 18 (37.5) 240 (2.4) 8.4 (3.5–20.4) <0.001 16.0 (11.4–22.4) <0.001 24.3 (13.4–44.2) <0.001

Hospital LOS (days) 11.1 ˘ 12.5 12.2 ˘ 11.2 21.4 ˘ 22.8 9.1 ˘ 10.1 - 0.347 - <0.001 - 0.001

ICU LOS
n (%) 14 (40.0) 76 (39.8) 26 (54.2) 1563 (15.7) 3.6 (1.8–7.1) <0.001 3.6 (2.6–4.8) <0.001 6.3 (3.6–11.2) <0.001
days 6.1 ˘ 7.4 9.4 ˘ 10.7 14.7 ˘ 15.7 8.9 ˘ 11.59 - 0.369 - 0.742 - 0.072

Table 5. Group of patients divided by the RSI and SBP level.

Status Number RSI < 1, SBP ě 90 RSI < 1, SBP < 90 RSI ě 1, SBP ě 90 RSI ě 1, SBP < 90

At ED n, (%) 186 (1.8%) 145 (1.4%) 9809 (95.9%) 94 (0.9%)
Leave ED n, (%) 112 (1.1%) 44 (0.4%) 10,039 (98.1%) 39 (0.4%)
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Table 6. Demographic and injury characteristics of hospitalized trauma patients who had stable SBP but an RSI < 1.

Variables
At ED Leave ED

RSI < 1, SBP ě 90
n = 186

RSIě 1, SBPě 90
n = 9809 OR (95% CI) p RSI < 1, SBP ě 90

n = 112
RSIě 1, SBPě 90

n = 10,039 OR (95% CI) p

Age 36.6 ˘ 12.0 42.9 ˘ 13.4 - <0.001 36.8 ˘ 12.7 42.8 ˘ 13.4 - <0.001

Gender
Male 142 (76.3) 6189 (63.1) 1.8 (1.3–2.7) <0.001 81 (72.3) 6349 (63.2) 1.5 (1.0–2.3) 0.049
Female 44 (23.7) 3620 (36.9) 0.5 (0.4–0.8) <0.001 31 (27.7) 3690 (36.8) 0.7 (0.4–1.0) 0.049

GCS, mean ˘ SD 12.6 ˘ 4.0 14.42.0 - <0.001 12.0 ˘ 4.4 14.4 ˘ 2.1 - <0.001

GCS, median (IQR) 15 (12–15) 15 (15–15) 15 (8–15) 16 (9–25)
ď8 35 (18.8) 387 (3.9) 5.6 (3.9–8.3) <0.001 29 (25.9) 419 (4.2) 8.0 (5.2–12.4) <0.001
9–12 17 (9.1) 315 (3.2) 3.0 (1.8–5.1) <0.001 8 (7.1) 336 (3.3) 2.2 (1.1–4.6) 0.036
ě13 134 (72.1) 9107 (92.8) 0.2 (0.1–0.3) <0.001 75 (67.0) 9284 (92.5) 0.2 (0.1–0.3) <0.001

AIS
Head/Neck 78 (41.9) 2341 (23.9) 2.3 (1.7–3.1) <0.001 51 (45.5) 2418 (24.1) 2.6 (1.8–3.8) <0.001
Face 52 (28.0) 1787 (18.2) 1.7 (1.3–2.4) 0.001 36 (32.1) 1829 (18.2) 2.1 (1.4–3.2) <0.001
Thorax 56 (30.1) 1142 (11.6) 3.3 (2.4–4.5) <0.001 43 (38.4) 1198 (11.9) 4.6 (3.1–6.8) <0.001
Abdomen 31 (16.7) 583 (5.9) 3.2 (2.1–4.7) <0.001 25 (22.3) 646 (6.4) 4.2 (2.7–6.6) <0.001
Extremities 120 (64.5) 7118 (72.6) 0.7 (0.5–0.9) 0.020 69 (61.6) 7273 (72.4) 0.6 (0.4–0.9) 0.011

ISS, mean ˘ SD 15.6 ˘ 14.2 7.8 ˘ 6.7 - <0.001 18.7 ˘ 15.0 7.9 ˘ 7.0 - <0.001

ISS, median (IQR) 13 (4–22) 5 (4–9) 15 (15–15) 5 (4–9)
<16 105 (56.5) 8574 (87.4) 0.2 (0.1–0.3) <0.001 55 (49.1) 8737 (87.0) 0.1 (0.1–0.2) <0.001
16–24 42 (22.6) 886 (9.0) 2.9 (2.1–4.2) <0.001 26 (23.2) 926 (9.2) 3.0 (1.9–4.6) <0.001
ě25 39 (21.0) 349 (3.6) 7.2 (5.0–10.4) <0.001 31 (27.7) 376 (3.7) 9.8 (6.4–15.1) <0.001

Mortality 16 (8.6) 100 (1.0) 9.1 (5.3–15.8) <0.001 20 (17.9) 102 (1.0) 21.2 (12.6–35.7) <0.001

ISS AOR - - 2.2 (1.1–4.5) 0.036 - - 6.2 (3.2–11.9) <0.001
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Table 7. Management characteristics of hospitalized trauma patients who had stable SBP but an RSI < 1.

Variables RSI < 1, SBP ě 90
n = 186

RSI ě 1, SBP ě 90
n = 9809 OR (95% CI) p

Procedures at ED
Intubation 17 (9.1) 177 (1.8) 5.5 (3.3–9.2) <0.001
Chest tube insertion 16 (8.6) 125 (1.3) 7.3 (4.2–12.5) <0.001
Blood transfusion 29 (15.6) 217 (2.2) 8.2 (5.4–12.4) <0.001

Hospital LOS
days 16.6 ˘ 19.0 9.0 ˘ 9.8 -
ICU LOS
n (%) 81 (43.5) 1496 (15.3) 4.3 (3.2–5.8) <0.001
days 13.2 ˘ 14.9 8.7 ˘ 10.3 - <0.001
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Figure 1. The odds ratio of the associated injuries of hospitalized trauma patients in Groups II, III, and IV vs. trauma patients in Group I.
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4. Discussion

SI is a known predictor of mortality and adverse outcomes in trauma patients [20]. In prior reports,
patients with an SIě 1 had a higher mortality rate than other major trauma patients [10,11,21] and such
an SI presented as the strongest predictor for mortality (OR: 3.1; 95% CI: 2.6–3.3; p = 0.001) in a review
of 485,595 geriatric trauma patients [22]. In addition, an SI ě 1 is associated with a higher 30-day
mortality (AOR: 10.5; 95% CI: 9.3–11.7) [18]. In this study, an SBP lower than HR (i.e., RSI < 1) yields an
SI ě 1. Therefore, as expected, in trauma patients, an RSI < 1 either upon arrival at or departure from
the ED indicated a more severe injury and poor outcome. Group II, III, and IV patients had a higher ISS
and underwent more procedures than Group I patients; they also had increased hospital LOS, increased
admission to the ICU, and in-hospital mortality. Moreover, they had a higher incidence of commonly
associated injuries, particularly severe injury to the thoracoabdominal areas that could cause significant
blood loss, including rib fracture, hemothorax, pneumothorax, hemopneumothorax, lung contusion,
hepatic injury, and splenic injury. In addition, the trauma patients who had an SBP < 90 mmHg either
upon arrival at or departure from the ED presented more severe injury and poor outcome than those
patients who had an SBPě 90 mmHg. Group VI, VII, and VIII patients had a higher ISS and underwent
more procedures compared to Group V patients; they also had the worst outcomes of the patients
admitted to the ICU and in-hospital mortality. However, those patients who had an SBP ě 90 mmHg
but an RSI < 1 either upon arrival at or departure from the ED presented more severe injury and poor
outcome than those hemodynamically stable patients, revealing that even though no hypotension was
noted, an RSI < 1 may indicate an occult sign of the deteriorated physiological condition. In addition,
the number of patients with poor outcome identified by an RSI < 1 either upon arrival at or departure
from the ED was larger than those patients with poor outcome identified by an SBP < 90 mmHg,
indicating that RSI may be more sensitive than SBP for identifying patients at risk of poor outcome in
the ED.

In Group II patients who had a stable hemodynamic status upon arrival at the ED but whose
condition worsened at departure from the ED, a 7.6-fold higher odds of mortality was found as
compared to Group I patients. The deterioration of a stable hemodynamic status during the stay
at the ED may imply an inadequate resuscitation, a collapse of the physiological reserve after
the trauma, or unidentified associated hemorrhage. In addition to the abovementioned injures to
the thoracoabdominal areas as well as pelvic and femoral fractures, a higher OR for sustaining
cranial fracture (3.5-fold), epidural hematoma (4.6-fold), subdural hematoma (3.2-fold), subarachnoid
hemorrhage (3.2-fold), cerebral contusion (4.0-fold), cervical vertebral fracture (4.7-fold), maxillary
fracture (2.5-fold), and humeral fracture (9.5-fold) was noted among Group II patients as compared to
Group I patients. In addition, nearly half the patients (48.7%) in Group II required admission to the
ICU. The higher mortality rate found in Group II patients indicates that patients who have a stable
hemodynamic condition upon arrival at the ED but experience a rapid deterioration of hemodynamic
status at the ED require specific attention. Young patients who present with tachycardia and mild
hypotension are in danger of compensatory mechanism failure and may slip into profound shock
unless vigorous therapy is initiated [23]. In these patients, reliance on SBP alone may delay recognition
of the shock state [23]. In addition, in Group III patients who had hemodynamic instability upon
arrival at the ED but whose condition improved at the time of departure, an improved condition was
noted after resuscitation during the stay at the ED, though there was a 2.0-fold higher odds of mortality
as compared to Group I patients, and 43% of Group III patients required admission to the ICU.

Among all these patients, Group IV patients who had hemodynamic instability at both arrival
at and departure from the ED are of prime focus, because they had worse outcomes compared to
patients in the other groups. The Group IV patients, albeit younger, had a 9.5-times greater AOR for
mortality than Group I patients. These patients also had a longer LOS in the hospital (22.0 days) and
ICU (14.7 days) as well as a higher proportion of patients admitted into ICU (62.5%). In addition to the
injures to the thoracoabdominal areas as well as pelvic and femoral fracture, a higher OR for sustaining
cranial fracture (3.2-fold), epidural hematoma (3.4-fold), subdural hematoma (2.5-fold), intracerebral
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hematoma (4.1-fold), cervical vertebral fracture (7.6-fold), and humeral fracture (5.1-fold) was noted
among Group II patients than among Group I patients. Currently, although it is essential to stabilize
the patient’s hemodynamic status before transfer to avoid circulatory complications, strong evidence
defining the optimal blood pressure level during active hemorrhagic shock or resuscitation is lacking in
the literature [24,25]. High-volume fluid resuscitation with crystalloids has been replaced with damage
control resuscitation (DCR), which consists of hypothermia prevention, permissive hypotension (SBP
targeted at 90 mmHg in bleeding patients without head injury), immediate administration of blood
products, prevention of crystalloid and colloid use, and damage control surgery or angioembolization
to treat the cause of bleeding [26–29]. For patients with trauma but without brain injury, the European
guidelines recommend a target SBP of 80–90 mmHg until major bleeding in the initial phase has been
stopped [30]. The DCR strategies have generally been performed at the ED for more than a decade in
our hospital and the additional use of an RSI < 1 to monitor the hemodynamic status of the patients
may have the potential to identify some subjects with occult hypotension among these trauma patients.

Despite the important findings, our study has a few limitations. First, as mentioned above, the
data were collected prospectively as a part of the required trauma registry process, but our analyses
were performed retrospectively and are thus subject to the limitations of all retrospective studies.
Because of the retrospective nature of the study, we were unable to clarify the cause´effect relationship
of massive bleeding and mortality; however, even a hypoperfusion status may not cause mortality
directly, although it may have some detrimental effects on the distal important vital organs. In addition,
the lack of available data regarding the factors influencing the decision-making regarding patient
management such as the requirement of operation, blood transfusion, or admission into the ICU may
have biased the outcome. Second, injured patients who did not survive at hospital arrival or who were
discharged from the ED were not included in the sample, which could result in a selection bias. Third,
because the patients’ HR or SBP fluctuated with each minute, the values of RSI changed accordingly.
Some borderline patients may develop an RSI < 1 or > 1 at some time points in the ED, making the
assignment of some patients to a group debatable. Fourth, the impact of pre-existing comorbidities
and the lack of available data regarding patient management in the course of hospitalization was not
included and may have resulted in a bias in the outcome. Finally, some important data, such as those
regarding cost, complications, and rehabilitation process, were not assessed and may have limited the
outcome evaluation results.

5. Conclusions

This retrospective analysis spanning a five-year period showed that using a reverse shock index
RSI < 1 as a threshold to evaluate the hemodynamic stability of trauma patients during the emergency
department (ED) stage can identify poor outcomes in certain subgroups of patients in the ED setting.
As a reverse value of the shock index (SI) and being mathematically equivalent, RSI is expected to
express a similar usefulness as the SI; however, this study replaced SI with RSI intentionally to illustrate
that the trauma patients whose systolic blood pressure (SBP) was lower than heart rate (HR) upon
arrival at and departure from the ED, i.e., RSI < 1, had a poor outcome and required special attention.
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AIS Abbreviated injury scale
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DCR Damage control resuscitation
ED Emergency department
GCS Glasgow coma scale
HR Heart rate
ICU Intensive care unit
ISS Injury severity score
LOS Length of stay
OR Odds ratio
RSI Reverse shock index
SI Shock index
SBP Systolic blood pressure
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Appendix

Table A1. The detailed data regarding patient number, percentage, odds ratio, and p-value of the associated injuries of hospitalized trauma patients as illustrated in
the figure.

Variables
(A)RSI ě 1
(L)RSI < 1
n = 76 (II)

(A)RSI < 1
(L)RSI ě 1
n = 251 (III)

(A)RSI < 1
(L)RSI < 1
n = 80 (IV)

(A)RSI ě 1
(L)RSI ě 1
n = 9827 (I)

II vs. I III vs. I IV vs. I

OR (95%CI) p OR (95%CI) p OR (95%CI) p

Head/Neck trauma
Cranial fracture 13 (17.1) 23 (9.2) 13 (16.2) 554 (5.6) 3.5 (1.9–6.3) <0.001 1.7 (1.1´2.6) 0.018 3.2 (1.8´5.9) <0.001
Epidural hematoma 11 (14.5) 12 (4.8) 9 (11.2) 352 (3.6) 4.6 (2.4´8.7) <0.001 1.4 (0.8´2.4) 0.315 3.4 (1.7´6.9) <0.001
Subdural hematoma 15 (19.7) 18 (7.2) 13 (16.2) 709 (7.2) 3.2 (1.8´5.6) <0.001 1.0 (0.6´1.6) 0.979 2.5 (1.4´4.5) 0.002
Subarachnoid hemorrhage 17 (22.4) 33 (13.1) 6 (7.5) 803 (8.2) 3.2 (1.9´5.6) <0.001 1.7 (1.2´2.5) 0.005 0.9 (0.4´2.1) 0.827
Intracerebral hematoma 2 (2.6) 7 (2.8) 5 (6.2) 159 (1.6) 1.6 (0.4´6.8) 0.486 1.7 (0.8´3.8) 0.150 4.1 (1.6´10.2) 0.001
Cerebral contusion 12 (15.8) 11 (4.4) 5 (6.2) 440 (4.5) 4.0 (2.1´7.5) <0.001 1.0 (0.5´1.8) 0.943 1.4 (0.6´3.5) 0.446
Cervical vertebral fracture 3 (3.9) 8 (3.2) 5 (6.2) 86 (0.9) 4.7 (1.4´15.1) 0.005 3.7 (1.8´7.8) <0.001 7.6 (3.0´19.1) <0.001

Face trauma
Orbital fracture 2 (2.6) 0 (0.0) 1 (1.2) 199 (2.0) 1.3 (0.3´5.4) 0.709 - 0.023 0.6 (0.1´4.4) 0.624
Nasal fracture 2 (2.6) 3 (1.2) 2 (2.5) 109 (1.1) 2.4 (0.6´9.9) 0.209 1.1 (0.3´3.4) 0.898 2.3 (0.6´9.4) 0.239
Maxillary fracture 11 (14.5) 21 (8.4) 6 (7.5) 621 (6.3) 2.5 (1.3´4.8) 0.004 1.4 (0.9´2.1) 0.190 1.2 (0.5´2.8) 0.666
Mandibular fracture 4 (5.3) 8 (3.2) 4 (5.0) 230 (2.3) 2.3 (0.8´6.4) 0.095 1.4 (0.7´2.8) 0.383 2.2 (0.8´6.1) 0.119

Thoracic trauma
Rib fracture 15 (19.7) 41 (16.3) 15 (18.8) 811 (8.3) 2.7 (1.6´4.8) <0.001 2.2 (1.5´3.1) <0.001 2.6 (1.5´4.5) 0.001
Hemothorax 6 (7.9) 12 (4.8) 7 (8.8) 144 (1.5) 5.8 (2.5´13.5) <0.001 3.4 (1.9´6.2) <0.001 6.4 (2.9´14.3) <0.001
Pneumothorax 7 (9.2) 13 (5.2) 6 (7.5) 148 (1.5) 6.6 (3.0´14.7) <0.001 3.6 (2.0´6.4) <0.001 5.3 (2.3´12.4) <0.001
Hemopneumothorax 7 (9.2) 17 (6.8) 10 (12.5) 114 (1.2) 8.6 (3.9´19.2) <0.001 6.2 (3.7´10.5) <0.001 12.2 (6.1´24.2) <0.001
Lung contusion 8 (10.5) 7 (2.8) 4 (5.0) 16 (0.2) 72.14 (29.9´174.2) <0.001 17.6 (7.2´43.2) <0.001 32.3 (10.5´98.8) <0.001

Abdominal trauma
Intra-abdominal injury 1 (1.3) 18 (7.2) 6 (7.5) 156 (1.6) 0.8 (0.1´6.0) 0.850 4.8 (2.9´7.9) <0.001 5.0 (2.2´11.7) <0.001
Hepatic injury 12 (15.8) 23 (9.2) 13 (16.2) 155 (1.6) 11.7 (6.2´22.1) <0.001 6.3 (4.0´9.9) <0.001 12.1 (6.6´22.4) <0.001
Splenic injury 3 (3.9) 15 (6.0) 8 (10.0) 75 (0.8) 5.3 (1.6´17.3) 0.002 8.3 (4.7´14.6) <0.001 14.4 (6.7´31.1) <0.001
Renal injury 1 (1.3) 4 (1.6) 5 (6.2) 42 (0.4) 3.1 (0.4´22.9) 0.241 3.8 (1.3´10.6) 0.007 15.5 (6.0´40.4) <0.001

Extremity trauma
Humeral fracture 10 (13.2) 7 (2.8) 6 (7.5) 154 (1.6) 9.5 (4.8´18.9) <0.001 1.8 (0.8´3.9) 0.127 5.1 (2.2´11.9) <0.001
Radial fracture 12 (15.8) 14 (5.6) 8 (10.0) 1015 (10.3) 1.6 (0.9´3.0) 0.120 0.5 (0.3´0.9) 0.014 1.0 (0.5´2.0) 0.923
Ulnar fracture 4 (5.3) 19 (7.6) 7 (8.8) 488 (5.0) 1.1 (0.4´2.9) 0.905 1.6 (1.0´2.5) 0.062 1.8 (0.8´4.0) 0.122
Pelvic fracture 8 (10.5) 28 (11.2) 17 (21.2) 244 (2.5) 4.6 (2.2´9.7) <0.001 4.9 (3.3´7.5) <0.001 10.6 (6.1´18.4) <0.001
Femoral fracture 13 (17.1) 34 (13.5) 16 (20.0) 769 (7.8) 2.4 (1.3´4.4) 0.003 1.8 (1.3´2.7) 0.001 2.9 (1.7´5.1) <0.001
Tibia fracture 8 (10.5) 38 (15.1) 6 (7.5) 712 (7.2) 1.5 (0.7´3.2) 0.272 2.3 (1.6´3.3) <0.001 1.0 (0.5´2.4) 0.930
Fibular fracture 6 (7.9) 22 (8.8) 5 (6.2) 392 (4.0) 2.1 (0.9´4.8) 0.084 2.3 (1.5´3.6) <0.001 1.6 (0.7´4.0) 0.304
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ABSTRACT
Objectives: The presentation of decrease blood
pressure with tachycardia is usually an indicator of
significant blood loss. In this study, we used the
reverse shock index (RSI), a ratio of systolic blood
pressure (SBP) to heart rate (HR), to evaluate the
haemodynamic status of trauma patients. As an SBP
lower than the HR (RSI<1) may indicate
haemodynamic instability, the objective of this study
was to assess whether RSI<1 can help to identify high-
risk patients with potential shock and poor outcome,
even though these patients do not yet meet the criteria
for multidisciplinary trauma team activation (TTA).
Design: Cross-sectional study.
Setting: Taiwan.
Participants: We retrospectively reviewed the data of
20 106 patients obtained from the trauma registry
system of a level I trauma centre for trauma
admissions from January 2009 through December
2014. Patients for whom a trauma team was not
activated (regular patients) and who had RSI<1 were
compared with regular patients with RSI≥1. The ORs
of the associated conditions and injuries were
calculated with 95% CIs.
Main outcome measures: In-hospital mortality.
Results: Among regular patients with RSI<1,
significantly more patients had an Injury Severity Score
(ISS) ≥25 (OR 2.4, 95% CI 1.58 to 3.62; p<0.001)
and the mortality rate was also higher (2.1% vs 0.5%;
OR 3.9, 95% CI 2.10 to 7.08; p<0.001) than in regular
patients with RSI≥1. The intensive care unit length of
stay was longer in regular patients with RSI<1 than in
regular patients with RSI≥1.
Conclusions: Among patients who did not reach the
criteria for TTA, RSI<1 indicates a potentially worse
outcome and a requirement for more attention and
aggressive care in the emergency department.

INTRODUCTION
Trauma patients present to the emergency
department (ED) with a great variety of

injuries and diseases. As the most important
task is to quickly and accurately identify
those patients at greatest risk, triage is
employed in order to improve patient
outcome and minimise wastage of ED
resources.1–3 In addition, activation of a mul-
tidisciplinary trauma team (trauma team acti-
vation, TTA) to assess and treat seriously
injured patients has been shown to improve
health outcomes.4–7 The trauma team usually
comprises members of different specialties,
including an emergency physician, a
surgeon, an anaesthesiologist, a radiologist, a
nurse and support staff, all of whom help
assess and manage the trauma patient. A
single team trauma response or a
tiered-response TTA is used depending on
policy and requirements.
Significant bleeding is a major cause of

morbidity and mortality in seriously injured
patients,8 so the vital signs of the patient,

Strengths and limitations of this study

▪ This study proposes that systolic blood pressure
(SBP) lower than heart rate (HR) (ie, reverse
shock index (RSI)<1) in trauma patients sug-
gests an unstable haemodynamic status and a
poor outcome.

▪ The addition of RSI<1 to the criteria for trauma
team activation may be justified but would result
in overtriage and longer hospital stay.

▪ Injured patients who died before arrival at hospi-
tal or who were discharged against advice from
the emergency department were excluded, which
may have been a source of bias.

▪ Lack of data on the circumstances of injury,
factors influencing decision making, patients’
underlying diseases and medication use may
have also been sources of bias.
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including heart rate (HR) and blood pressure, are
usually monitored. Moreover, tachycardia together with
hypotension is usually an indication of blood loss and
identifies haemorrhagic shock. However, tachycardia
does not always accompany haemorrhagic shock in
trauma patients, and the correlation between tachycardia
and hypotension maybe poor and misleading according
to previous studies.9–13

The ratio of HR to systolic blood pressure (SBP), the
shock index (SI), has been shown to be useful in pre-
dicting mortality rates in trauma patients,14 15 and may
be useful in detecting early acute hypovolemia.16

Cannon et al17 reported that trauma patients with SI>0.9
have higher mortality rates, and that an increase in the
SI from the field to the ED may predict higher mortality.
Mitra et al18 found that patients with SI≥1.0 have signifi-
cantly higher transfusion requirements and higher mor-
tality rates than major trauma patients in general,
despite prehospital crystalloid resuscitation. A retrospec-
tive study using multiple logistic regression demon-
strated that SI>1 is an independent predictor of death.19

Previous studies have also shown that SI is correlated
with duration of hospital stay, duration of stay in the
intensive care unit (ICU), number of ventilator days,
and blood product use.15 20 However, evaluation of hae-
modynamic instability is based on the presence of hypo-
tension, which may cause concern if SBP is lower than
HR, instead of HR being higher than SBP (ie, SI>1).21

Therefore, calculation of SI as the ratio of HR to SBP
seems to conflict with the basic concept of shock. In our
opinion, checking if SBP is lower than HR may help
identify patients with potential shock and a poor
outcome. Consequently, we introduce the ratio of SBP to
HR as the reverse SI (RSI) to be used with TTA criteria
to identify high-risk trauma patients with haemodynamic
instability and a poor outcome.

METHODS
This study was approved by the institutional review
board (IRB) of Kaohsiung Chang Gung Memorial
Hospital, a 2400-bed facility and level I trauma centre
that provides care to trauma patients primarily from
South Taiwan. Informed consent was not required
under IRB regulations. A retrospective study was
designed to review all patients (n=20 106) whose data
were entered into the trauma registry system between
1 January 2009 and 31 December 2014. Detailed patient
information was retrieved from the trauma registry
system of our institution including data on age, sex, vital
signs and RSI on arrival, procedures performed in the
ED, presence or absence of TTA, injury mechanism,
blood alcohol concentration (BAC) on arrival, Injury
Severity Score (ISS), hospital length of stay (LOS), ICU
LOS, in-hospital mortality, and associated trauma in
each body region.
In our hospital the trauma team is activated when the

patient meets one of the following established criteria:

(i) Glasgow Coma Scale score ≤10; (ii) SBP ≤90 mm Hg;
(iii) respiratory rate ≥30/min or <10/min; (iv) fall from
a height of ≥6 m or from two stories up; or (v) severe
multiple injuries requiring TTA as decided by on-site
physicians. To evaluate the need to add RSI<1 to the
TTA criteria, patients for whom a trauma team was not
activated (ie, regular patients) but who had RSI<1
(n=585, 2.9%) were compared with regular patients with
RSI≥1 (n=17 407, 86.6%), and with those for whom a
trauma team was activated (n=2114, 10.5%). SPSS V.20
statistical software (IBM, Armonk, New York, USA) was
used. The main outcome measure was in-hospital mor-
tality. For categorical variables, χ2 tests were used to
determine the significance of associations between the
predictor and outcome variables. For continuous vari-
ables, Student’s t-tests were applied to evaluate the signif-
icance of associations between the predictor and
outcome variables. Univariate logistic regression analyses
were initially performed to identify the significant pre-
dictor variables of the injury or mortality risk. The corre-
sponding unadjusted ORs with 95% CIs for each
variable were obtained. We also estimated the adjusted
ORs (aORs) and 95% CIs for mortality through stepwise
model selection of a multiple regression model that was
adjusted by controlling for the confounding variables
age and ISS. All results are presented as the mean±SE.
A p value <0.05 was considered statistically significant.

RESULTS
The demographic data and clinical features of the
patients enrolled in this study are summarised in table 1.
The mean RSIs were 0.8±0.1, 1.8±0.5 and 1.5±0.7 in
regular patients with RSI<1, regular patients with RSI≥1
and TTA patients, respectively. Overall, 348 (59.5%) of
the regular patients with RSI<1 were aged 0–9 years,
while most of the regular patients with RSI≥1 and the
TTA patients were aged 20–79 years (79.4% and 83.5%,
respectively). As regards mechanism of injury, motor-
cycle accidents, falls and being struck by/striking an
object accounted for most cases in all three groups of
patients. Among regular patients with RSI<1, 241
(41.2%) were struck by/struck an object, 173 (29.6%)
experienced a fall, and 92 (15.7%) had motorcycle acci-
dents. However, among regular patients with RSI≥1 and
TTA patients, 6759 (38.8%) and 1014 (48.0%), respec-
tively, had motorcycle accidents, while 5409 (31.1%) and
476 (22.5%), respectively, experienced a fall. The mean
BAC levels were 138.1±84.7, 155.1±94.6 and 165.4
±98.5 mg/dL for patients in the three groups, respec-
tively. More regular patients with RSI<1 than regular
patients with RSI≥1 had a BAC level ≥50 mg/dL (OR
1.5, 95% CI 1.05 to 2.16; p=0.025), but fewer regular
patients with RSI<1 than TTA patients had a BAC level
≥50 mg/dL (OR 0.3, 95% CI 0.19 to 0.39; p<0.001).
Most regular patients with RSI<1 and regular patients
with RSI≥1 were moderately injured (ISS<15). However,
significantly more patients were very severely injured
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Table 1 Demographic data of the hospitalised trauma patients

Regular patients
with RSI<1
n=585

Regular patients
with RSI≥1
n=17 407

TTA patients
n=2114

Regular patients with RSI <1 vs
regular patients with RSI≥1

Regular patients
with RSI <1 vs TTA patients

Variable OR (95% CI) p Value OR (95% CI) p Value

RSI

Mean 0.8±0.1 1.8±0.5 1.5±0.7 – <0.001 – <0.001

Range 0.0–0.9 1.0–9.5 0.08.5 – – – –

Gender

Male 340 (58.1) 9905 (56.9) 1424 (67.4) 1.1 (0.89 to 1.24) 0.581 0.7 (0.56 to 0.81) <0.001

Female 245 (41.9) 7502 (43.1) 690 (32.6) 1.0 (0.81 to 1.12) 0.581 1.5 (1.23 to 1.79) <0.001

Age (years) 18.5±23.7 47.8±22.3 46.0±21.0 – <0.001 – <0.001

0–9 348 (59.5) 576 (3.3) 64 (3.0) 42.9 (35.67 to 51.61) <0.001 47.0 (34.89 to 63.40) <0.001

10–19 41 (7.0) 1579 (9.1) 158 (7.5) 0.8 (0.55 to 1.04) 0.095 0.9 (0.65 to 1.33) 0.789

20–29 50 (8.5) 2376 (13.6) 343 (16.2) 0.6 (0.44 to 0.79) <0.001 0.5 (0.35 to 0.66) <0.001

30–39 41 (7.0) 2004 (11.5) 293 (13.9) 0.6 (0.42 to 0.80) 0.001 0.5 (0.33 to 0.66) <0.001

40–49 24 (4.1) 2174 (12.5) 325 (15.4) 0.3 (0.20 to 0.45) <0.001 0.2 (0.15 to 0.36) <0.001

50–59 28 (4.8) 2832 (16.3) 340 (16.1) 0.3 (0.18 to 0.38) <0.001 0.3 (0.18 to 0.39) <0.001

60–69 14 (2.4) 2438 (14.0) 249 (11.8) 0.2 (0.09 to 0.26) <0.001 0.2 (0.11 to 0.32) <0.001

70–79 21 (3.6) 2006 (11.5) 214 (10.1) 0.3 (0.18 to 0.44) <0.001 0.3 (0.21 to 0.52) <0.001

80–89 17 (2.9) 1240 (7.1) 107 (5.1) 0.4 (0.24 to 0.63) <0.001 0.6 (0.33 to 0.94) 0.026

≥90 1 (0.2) 182 (1.0) 21 (1.0) 0.2 (0.02 to 1.16) 0.054 0.2 (0.02 to 1.27) 0.065

Mechanism

Driver of MV 9 (1.5) 207 (1.2) 67 (3.2) 1.3 (0.66 to 2.54) 0.436 0.5 (0.24 to 0.96) 0.034

Passenger of MV 6 (1.0) 121 (0.7) 41 (1.9) 1.5 (0.65 to 3.37) 0.311 0.5 (0.22 to 1.24) 0.155

Motorcycle driver 92 (15.7) 6759 (38.8) 1014 (48.0) 0.3 (0.24 to 0.37) <0.001 0.2 (0.16 to 0.26) <0.001

Motorcycle pillion passenger 29 (5.0) 483 (2.8) 85 (4.0) 1.8 (1.25 to 2.68) 0.002 1.2 (0.81 to 1.92) 0.352

Bicycle 22 (3.8) 710 (4.1) 76 (3.6) 0.9 (0.60 to 1.42) 0.820 1.0 (0.65 to 1.70) 0.804

Pedestrian 13 (2.2) 299 (1.7) 68 (3.2) 1.3 (0.74 to 2.28) 0.333 0.7 (0.38 to 1.25) 0.272

Fall 173 (29.6) 5409 (31.1) 476 (22.5) 0.9 (0.78 to 1.12) 0.467 1.4 (1.18 to 1.77) 0.001

Unspecified 241 (41.2) 3419 (19.6) 287 (13.6) 2.9 (2.42 to 3.39) <0.001 4.5 (3.63 to 5.48) <0.001

BAC ≥50 mg/dL 33 (5.6) 664 (3.8) 387 (18.3) 1.5 (1.05 to 2.16) 0.025 0.3 (0.19 to 0.39) <0.001

BAC (mg/dL)

Mean 138.1±84.7 155.1±94.6 165.4±98.5 – 0.255 – 0.054

Range 1.0–290.3 0.2–414.6 0.5–443.1 – – – –

ISS 7.1±7.3 7.3±5.4 16.7±12.1 – 0.340 – <0.001

1–8 370 (63.2) 9587 (55.1) 444 (21.0) 1.4 (1.18 to 1.67) <0.001 6.5 (5.31 to 7.89) <0.001

9–15 136 (23.2) 6203 (35.6) 568 (26.9) 0.5 (0.45 to 0.66) <0.001 0.8 (0.67 to 1.02) 0.079

16–24 54 (9.2) 1298 (7.5) 589 (27.9) 1.3 (0.95 to 1.68) 0.108 0.3 (0.20 to 0.35) <0.001

≥25 25 (4.3) 319 (1.8) 513 (24.3) 2.4 (1.58 to 3.62) <0.001 0.1 (0.09 to 0.21) <0.001

Mortality 12 (2.1) 94 (0.5) 257 (12.2) 3.9 (2.10 to 7.08) <0.001 0.2 (0.08 to 0.27) <0.001

ISS (aOR) – – – 3.1 (1.62 to 6.11) 0.001 0.4 (0.22 to 0.79) 0.007

ISS+age (aOR) – – – 8.1 (3.99 to 16.43) <0.001 0.8 (0.40 to 1.47) 0.431

Hospital LOS (days) 9.2±10.1 8.5±8.8 15.6±15.9 – 0.093 – <0.001

ICU stay 214 (36.6) 2360 (13.6) 1178 (55.7) 3.7 (3.09 to 4.38) <0.001 0.5 (0.38 to 0.55) <0.001

ICU LOS (days) 10.1±10.2 8.4±10.6 10.6±13.0 – 0.024 – 0.502

AOR, adjusted OR; BAC, blood alcohol concentration; ICU, intensive care unit; ISS, Injury Severity Score; LOS, length of stay; MV, motor vehicle; RSI, reverse shock index; TTA, trauma team
activation.
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(ISS≥25) among regular patients with RSI<1 than
among regular patients with RSI≥1 (OR 2.4, 95% CI
1.58 to 3.62; p<0.001). Notably, among 585 regular
patients with RSI<1, 76 (13%) had SBP ≤90 mm Hg and
509 (87%) had SBP >90 mm Hg, so some of the latter
group of patients may not have met the criteria for TTA.
The mortality rates were 2.1%, 0.5% and 12.2% in

regular patients with RSI<1, regular patients with RSI≥1
and TTA patients, respectively. A higher mortality rate
was noted in regular patients with RSI<1 than in regular
patients with RSI≥1 (OR 3.9, 95% CI 2.10 to 7.08;
p<0.001). After adjustment of the OR of mortality for
ISS, the mortality rate in regular patients with RSI<1 was
3.1-fold higher (p=0.001) than that in regular patients
with RSI≥1, and it was up to 8.1-fold higher (p<0.001)
when the OR was further adjusted for ISS and age.
Moreover, the mortality rates in TTA patients were not
significantly higher than those in regular patients with
RSI<1 after the adjustment for ISS and age (aOR 0.8,
95% CI 0.40 to 1.47; p=0.431). Further analysis of adult
patients (18–65 years of age) (see online supplementary
table S1) revealed that the mortality rate in regular
patients with RSI<1 was still 4.3-fold higher (p=0.024)
than that in regular patients with RSI≥1, after adjust-
ment of the OR of mortality for ISS and age. The hospi-
tal LOS of regular patients with RSI<1 and regular
patients with RSI≥1 were similar; however, more regular
patients with RSI<1 than regular patients with RSI≥1
were cared for in the ICU (36.6% vs 13.6%; OR 3.7,
95% CI 3.09 to 4.38; p<0.001). Furthermore, the
ICU LOS in regular patients with RSI<1 was also longer
(10.1 vs 8.4 days, p=0.024) than that in regular patients
with RSI≥1, and was similar to that in TTA patients (10.1
vs 10.6 days, p=0.502).
The life-saving procedures, including cardiopulmon-

ary resuscitation, intubation, chest tube insertion and
blood transfusion, carried out in the ED are summarised
in table 2. No regular patients with RSI<1 underwent
cardiopulmonary resuscitation. However, 14 (2.4%), 19
(3.2%) and 26 (4.4%) patients received intubation,
chest tube insertion and blood transfusion, respectively.
In comparison with regular patients with RSI≥1, signifi-
cantly higher rates of intubation, chest tube insertion

and blood transfusion were identified in regular patients
with RSI<1, although fewer patients received the proce-
dures among regular patients with RSI<1 than among
TTA patients. This suggested that patients with RSI<1
may have a greater need for these live-saving procedures
despite not meeting the criteria for TTA.
Concerning associated injuries in these trauma

patients (table 3), significantly fewer patients had head
trauma and maxillofacial trauma among regular patients
with RSI<1 than among TTA patients, which may be
attributed to a close relationship between intracranial
haemorrhage and worsening consciousness, thus leading
to a greater possibility of TTA. Regular patients with
RSI<1 were also at a greater risk of having a pneu-
mothorax (OR 2.1, 95% CI 1.21 to 3.63; p=0.017) and
haemopneumothorax (OR 3.0, 95% CI 1.71 to 5.20;
p=0.001) than those with RSI≥1. This may explain the
higher chest tube insertion rate in regular patients with
RSI<1 than in regular patients with RSI≥1. Similarly,
more regular patients with RSI<1 had intra-abdominal,
hepatic, splenic, retroperitoneal and renal injuries than
did regular patients with RSI≥1. Therefore, regular
patients with RSI<1 were more likely to have
intra-thoracic or intra-abdominal injuries than regular
patients with RSI≥1. In addition, there was a higher rate
of humeral fracture in regular patients with RSI<1 than
in regular patients with RSI≥1 (OR 2.6, 95% CI 2.05 to
3.35; p<0.001), whereas the rates of radial and femoral
fractures were lower (OR 0.4, 95% CI 0.28 to 0.59;
p<0.001, and OR 0.6, 95% CI 0.50 to 0.841; p=0.001,
respectively).

DISCUSSION
The correlation between a high SI and poor outcome
has been demonstrated in many previous studies.15 17–20

In this study, RSI was defined as the ratio of SBP to HR,
and therefore, theoretically, a lower RSI should correlate
with a worse haemodynamic status and a worse
outcome. Unsurprisingly, more regular patients with
RSI<1 than regular patients with RSI≥1 had severe
injury. Furthermore, these patients also had a higher
mortality rate. After adjusting the OR by controlling for
the confounding variables age and ISS, the mortality

Table 2 Life-saving procedures performed in the emergency department

Regular patients
with RSI<1
n=585

Regular patients
with RSI≥1
n=17 407

TTA
patients
n=2114

Regular patients with
RSI<1 vs regular
patients with RSI≥1

Regular patients with
RSI<1 vs TTA patients

Variable OR (95%CI) p Value OR (95%CI) p Value

Procedures in the ED, n (%)

CPR 0 (0.0) 4 (0.0) 24 (1.1) – 1.000 – 0.005

Intubation 14 (2.4) 101 (0.6) 333 (15.8) 4.2 (2.39 to 7.39) <0.001 0.1 (0.08 to 0.23) <0.001

Chest tube

insertion

19 (3.2) 140 (0.8) 95 (4.5) 4.1 (2.55 to 6.73) <0.001 0.7 (0.43 to 1.18) 0.203

Blood

transfusion

26 (4.4) 257 (1.5) 292 (13.8) 3.1 (2.06 to 4.69) <0.001 0.3 (0.19 to 0.44) <0.001

CPR, cardiopulmonary resuscitation; ED, emergency department; RSI, reverse shock index; TTA, trauma team activation.
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Table 3 Injuries in hospitalised trauma patients

Regular patients
with RSI<1
n=585

Regular patients
with RSI≥1
n=17 407

TTA patients
n=2114

Regular patients with RSI<1
vs regular patients with
RSI≥1

Regular patients with RSI<1
vs TTA patients

Variable OR (95% CI) p Value OR (95% CI) p Value

Head trauma, n (%)

Neurological deficit 0 (0.0) 72 (0.4) 46 (2.2) – 0.177 – <0.001

Cranial fracture 31 (5.3) 599 (3.4) 440 (20.8) 1.6 (1.08 to 2.28) 0.018 0.2 (0.15 to 0.31) <0.001

Epidural haematoma (EDH) 16 (2.7) 381 (2.2) 323 (15.3) 1.3 (0.78 to 2.09) 0.388 0.2 (0.10 to 0.26) <0.001

Subdural haematoma (SDH) 28 (4.8) 1015 (5.8) 664 (31.4) 0.8 (0.55 to 1.19) 0.322 0.1 (0.07 to 0.16) <0.001

Subarachnoid haemorrhage (SAH) 29 (5.0) 965 (5.5) 617 (29.2) 0.9 (0.61 to 1.30) 0.638 0.1 (0.09 to 0.19) <0.001

Intracerebral haematoma (ICH) 4 (0.7) 193 (1.1) 181 (8.6) 0.6 (0.23 to 1.66) 0.421 0.1 (0.03 to 0.20) <0.001

Cerebral contusion 16 (2.7) 503 (2.9) 369 (17.5) 0.9 (0.57 to 1.57) 0.985 0.1 (0.08 to 0.22) <0.001

Cervical vertebral fracture 3 (0.5) 116 (0.7) 40 (1.9) 0.8 (0.24 to 2.42) 1.000 0.3 (0.08 to 0.87) 0.015

Maxillofacial trauma, n (%)

Orbital fracture 1 (0.2) 272 (1.6) 53 (2.5) 0.1 (0.02 to 0.77) 0.003 0.1 (0.01 to 0.48) <0.001

Nasal fracture 3 (0.5) 149 (0.9) 38 (1.8) 0.6 (0.19 to 1.88) 0.494 0.3 (0.09 to 0.92) 0.021

Maxillary fracture 8 (1.4) 775 (4.5) 242 (11.4) 0.3 (0.15 to 0.60) <0.001 0.1 (0.05 to 0.22) <0.001

Mandibular fracture 8 (1.4) 314 (1.8) 85 (4.0) 0.8 (0.37 to 1.53) 0.527 0.3 (0.16 to 0.69) 0.001

Thoracic trauma, n (%)

Rib fracture 26 (4.4) 1193 (6.9) 252 (11.9) 0.6 (0.43 to 0.94) 0.027 0.3 (0.23 to 0.52) <0.001

Sternal fracture 0 (0.0) 19 (0.1) 7 (0.7) – 1.000 – 0.358

Haemothorax 7 (1.2) 169 (1.0) 87 (4.1) 1.2 (0.58 to 2.64) 0.520 0.3 (0.13 to 0.61) <0.001

Pneumothorax 14 (2.4) 201 (1.2) 81 (3.8) 2.1 (1.21 to 3.63) 0.017 0.6 (0.35 to 1.09) 0.100

Haemopneumothorax 14 (2.4) 142 (0.8) 81 (3.8) 3.0 (1.71 to 5.20) 0.001 0.6 (0.35 to 1.09) 0.100

Lung contusion 8 (1.4) 111 (0.6) 80 (3.8) 2.2 (1.05 to 4.45) 0.060 0.4 (0.17 to 0.73) 0.002

Thoracic vertebral fracture 4 (0.7) 150 (0.9) 42 (2.0) 0.8 (0.29 to 2.15) 0.821 0.3 (0.12 to 0.95) 0.030

Abdominal trauma, n (%)

Intra-abdominal injury 16 (2.7) 197 (1.1) 101 (4.8) 2.5 (1.47 to 4.12) 0.003 0.6 (0.33 to 0.96) 0.030

Hepatic injury 26 (4.4) 187 (1.1) 113 (5.3) 4.3 (2.82 to 6.51) <0.001 0.8 (0.53 to 1.27) 0.459

Splenic injury 12 (2.1) 106 (0.6) 64 (3.0) 3.4 (1.87 to 6.25) <0.001 0.7 (0.36 to 1.25) 0.258

Retroperitoneal injury 3 (0.5) 14 (0.1) 12 (0.6) 6.4 (1.84 to 22.35) 0.017 0.9 (0.25 to 3.21) 1.000

Renal injury 6 (1.0) 60 (0.3) 25 (1.2) 3.0 (1.29 to 6.96) 0.020 0.9 (0.35 to 2.12) 1.000

Urinary bladder injury 0 (0.0) 24 (0.1) 7 (0.3) – 1.000 – 0.358

Lumbar vertebral fracture 7 (1.2) 297 (1.7) 44 (2.1) 0.7 (0.33 to 1.48) 0.417 0.6 (0.26 to 1.27) 0.228

Sacral vertebral fracture 3 (0.5) 79 (0.5) 20 (0.9) 1.1 (0.36 to 3.59) 0.750 0.5 (0.16 to 1.82) 0.447

Extremity trauma, n (%)

Scapular fracture 6 (1.0) 229 (1.3) 42 (2.0) 0.8 (0.34 to 1.76) 0.710 0.5 (0.22 to 1.21) 0.156

Clavicle fracture 18 (3.1) 1141 (6.6) 185 (8.8) 0.5 (0.28 to 0.73) 0.001 0.3 (0.20 to 0.54) <0.001
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rate rose even higher for regular patients with RSI<1,
which was the same as that for TTA patients. A higher
rate of ICU stay, a longer ICU LOS, and more life-saving
procedures were also seen in this population than in
regular patients with RSI≥1. This result suggested that a
decreasing RSI indicates an unstable haemodynamic
status and an injury that can be life threatening.
In this study, regular patients with RSI<1 were not asso-

ciated with a higher percentage of head trauma or max-
illofacial trauma than were regular patients with RSI≥1.
There is a lack of information on the relationship
between head injuries and unstable haemodynamic
status; however, head injury as a cause of shock in pae-
diatric patients has been reported previously.22 Another
study stated that the relationship between SI and hae-
morrhage is altered after an acute traumatic brain
injury, and that the use of SI in the assessment of blood
volume loss could be unreliable in these patients.23

Thoracic and abdominal traumas, on the other hand,
often result in massive haemorrhage, which subse-
quently leads to haemodynamic instability. Therefore,
more regular patients with RSI<1 and TTA patients have
thoracic trauma and abdominal trauma than do regular
patients with RSI≥1. Notably, in addition to SI, a paedia-
tric specific SI has also been reported in the literature.24

In our study, patients <9 years of age account for 59.5%
of the total population of regular patients with RSI<1.
This makes sense because, physiologically, children have
higher HRs than adults. A systematic review by Fleming
et al25 demonstrated a decline in HR with age, and that
the median HR decreases to 100 bpm between 4 and
6 years of age. Therefore, an even worse outcome for
patients with RSI<1 can be expected if children, the
so-called normal variants in this study, were excluded. In
this study, the mortality rate in regular adult patients
with RSI<1 was still 4.3-fold higher than that in regular
adult patients with RSI≥1, after adjustment of the OR of
mortality for ISS and age.
Should RSI<1 be added as a criterion for TTA? TTA is

used to identify and provide rapid treatment for the
most severely injured trauma patients, and there is a ten-
dency to overtriage to prevent mortality or morbidity
due to delays in definitive care. However, overtriage
affects the efficiency of care and can result in increased
costs, inappropriate resource use, and frustration for the
care provider.26 In our study, the mortality of regular
patients with RSI<1 was significantly higher than that of
regular patients with RSI≥1. The rate for very severe
injuries (ISS≥25), ICU stay, ICU LOS, rates of life-saving
procedures in the ED, and proportions of thoracic/
abdominal trauma are also higher or longer, respectively.
However, comparison of these variables between regular
patients with RSI<1 and TTA patients shows that injury
severity, hospital LOS and proportion of patients
admitted to the ICU were lower for regular patients with
RSI<1; however, the mortality rate was similar after
adjustment for ISS and age. Notably, 87% of regular
patients with RSI<1 had SBP>90 mm Hg and may not
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have met the criteria for TTA. Therefore, if RSI<1 were
added to the criteria for TTA due to concerns about
mortality, it would result in overtriage in the ED in rela-
tion to most other outcome measurements.
This study has some limitations. First, the retrospective

study design may have given rise to possible bias.
Second, the study population was limited to a single
urban trauma centre in southern Taiwan. Furthermore,
bias may have resulted from the fact that injured patients
who died before hospital arrival or who were discharged
against advice from the ED were not included in the
sample. In addition, there was a lack of available data
about the circumstances of injury and the factors influ-
encing decisions concerning patient management.
Lastly, other important data such as underlying diseases
(eg, hypertension, chronic obstructive pulmonary
disease, asthma, etc), medication use (eg, β blockers or
β agonists), costs, delays in treatment, and complications
were not evaluated in this study.

CONCLUSION
Our examination of data on trauma admissions at a level
I trauma centre showed that among patients who did
not meet the criteria for TTA, RSI<1 was associated with
more life-saving procedures in the ED, a higher ICU
admission rate, a longer ICU stay, and a higher mortality
rate. Because these patients are potentially at risk of life-
threatening problems, they should receive more atten-
tion and aggressive care in the ED.
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Abstract: Objectives: The shock index (SI) and its derivations, the modified shock index (MSI) and the
age shock index (Age SI), have been used to identify trauma patients with unstable hemodynamic
status. The aim of this study was to evaluate their use in predicting the requirement for massive
transfusion (MT) in trauma patients upon arrival at the hospital. Participants: A patient receiving
transfusion of 10 or more units of packed red blood cells or whole blood within 24 h of arrival
at the emergency department was defined as having received MT. Detailed data of 2490 patients
hospitalized for trauma between 1 January 2009, and 31 December 2014, who had received blood
transfusion within 24 h of arrival at the emergency department, were retrieved from the Trauma
Registry System of a level I regional trauma center. These included 99 patients who received MT
and 2391 patients who did not. Patients with incomplete registration data were excluded from the
study. The two-sided Fisher exact test or Pearson chi-square test were used to compare categorical
data. The unpaired Student t-test was used to analyze normally distributed continuous data, and the
Mann-Whitney U-test was used to compare non-normally distributed data. Parameters including
systolic blood pressure (SBP), heart rate (HR), hemoglobin level (Hb), base deficit (BD), SI, MSI,
and Age SI that could provide cut-off points for predicting the patients’ probability of receiving
MT were identified by the development of specific receiver operating characteristic (ROC) curves.
High accuracy was defined as an area under the curve (AUC) of more than 0.9, moderate accuracy
was defined as an AUC between 0.9 and 0.7, and low accuracy was defined as an AUC less than
0.7. Results: In addition to a significantly higher Injury Severity Score (ISS) and worse outcome, the
patients requiring MT presented with a significantly higher HR and lower SBP, Hb, and BD, as well as
significantly increased SI, MSI, and Age SI. Among these, only four parameters (SBP, BD, SI, and MSI)
had a discriminating power of moderate accuracy (AUC > 0.7) as would be expected. A SI of 0.95 and
a MSI of 1.15 were identified as the cut-off points for predicting the requirement of MT, with an AUC
of 0.760 (sensitivity: 0.563 and specificity: 0.876) and 0.756 (sensitivity: 0.615 and specificity: 0.823),
respectively. However, in the groups of patients with comorbidities such as hypertension, diabetes
mellitus, or coronary artery disease, the discriminating power of these three indices in predicting
the requirement of MT was compromised. Conclusions: This study reveals that the SI is moderately
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accurate in predicting the need for MT. However, this predictive power may be compromised in
patients with HTN, DM or CAD. Moreover, the more complex calculations of MSI and Age SI failed
to provide better discriminating power than the SI.

Keywords: hypotension; shock; massive transfusion; trauma; injury severity; shock index; modified
shock index; age shock index

1. Background

Massive hemorrhage is a major cause of early death in trauma [1]. The rapid and accurate
diagnosis of the need for massive transfusion (MT) in bleeding trauma patients is therefore crucial,
but remains a challenge [2,3]. Balanced resuscitation with packed red blood cells, fresh frozen plasma,
and platelet concentrates has been recommended [1,4,5]. Malone et al. have discussed the various
definitions of MT and suggested a MT protocol based on the common definition of transfusion of
10 units of red blood cells in 24 h [6]. In the United States, approximately 85% of major trauma
centers have instituted MT protocols to direct the appropriate transfusion of blood products [7].
Many of these scoring systems are complicated and involve results from pathology tests and imaging;
therefore, they are often time consuming and not practical for use in the pre-hospital phase [8].
Moreover, some MT protocols are activated by conditions such as existing hemorrhagic shock, large
hemoperitoneum, or coagulopathy in trauma patients [1]. Therefore, such MT protocols may not be
activated in normotensive patients, those with minimal hemoperitoneum, or those on anticoagulants,
despite significant hemorrhage.

At the time of study, there were 36 models for predicting massive transfusion in trauma, but
these are limited by being time-consuming, resource-intensive and scarcely sufficiently validated [9].
Among those models, the most commonly included variable was systolic blood pressure, featuring in
all but five models [9]. To identify hypovolemic shock in patients with trauma, in 1967, Allgower and
Burri introduced the concept of the shock index (SI), which is the ratio of heart rate (HR) to systolic
blood pressure (SBP) [10]. When healthy blood donors were subjected to a defined blood loss of
450 mL, the SI substantially increased whereas the HR and SBP remained within the normal range [11].
The risk for requiring MT in trauma patients rises substantially with elevation of the SI above 0.9 [12].
The risk for requiring MT doubled with a SI > 0.9, quintupled for a SI > 1.1, and was 7 times higher
for a SI > 1.3 [12]. The SI is an easily obtained indicator of hemodynamic instability [13–15] and
a clinical indicator of hypovolemic shock upon arrival at the emergency department (ED), with
respect to transfusion requirements and hemostatic resuscitation [16]. Therefore, if a laboratory is
not available, assessment of MT requirement based on the SI at the ED for these trauma patients has
been suggested [16,17]. A pre-hospital SI ě 1.0 after at least 1 L of fluid infusion has a sensitivity and
specificity of 47.9% and 90.5%, respectively, for predicting a transfusion of more than five units in
4 h [5]. Vandromme et al. [12] grouped their cohort into six categories based on SI. A SI > 0.9–1.1 had
1.6-fold increased odds (95% CI: 1.13–2.31) for MT. When the SI was greater than 1.1–1.3, the estimated
odds for MT increased to 5.57 (95% CI: 3.74–8.30).

Furthermore, the modified shock index (MSI), which is the ratio of HR to mean arterial pressure
(MAP) has been proposed to evaluate hemodynamic stability and has served as a better predictor
of mortality than the conventional SI [18]. The SBP is replaced by MAP in the equation, so as to
include the influence of diastolic blood pressure (DBP) [18]. In a retrospective database review of
22,161 patients who presented to the ED, SI did not correlate significantly with the mortality of
emergency patients. However, in patients with normal vital signs at the triage desk, the MSI could be
used to identify whether the condition of the patients was critical [18]. The MSI is also an important
predictor of mortality and is significantly better than HR, SBP, DBP or SI alone [19]. In addition,
because age decreases physiological reserve, age multiplied by the SI—Age SI—substantially increased
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the discriminating ability of the SI by adjusting for the patient’s age, and served as a better predictor of
48 h mortality compared to HR, SBP, or SI, particularly in old patients [20]. The age-adjusted SI is also
able to accurately identify those children who are most severely injured following blunt trauma [21].
In addition, the Age SI had been proposed for predicting the need for a transfusion of ě4 units in
48 h [20].

A few reports in the literature have evaluated the potential benefits and proposed utilization of
the SI as a predictor of need for MT [8,22]. However, no study as yet has focused on evaluating all
three indices (SI, MSI, and Age SI) in one population and comparing them with conventional vital sign
measurement in trauma patients upon arrival at the hospital. Therefore, the aim of this study was to
investigate the potential of the SI and different modified SI derivatives as predictors of the need for
MT in trauma patients at the ED of a level I trauma center over a six-year period.

2. Methods

2.1. Ethics Statement

This study was pre-approved by the Institutional Review Board (IRB) of the Chang Gung
Memorial Hospital (approval number 104-8953C). Informed consent was waived in accordance with
IRB regulations.

2.2. Study Design

This retrospective study reviewed data of all 20,106 hospitalized patients registered in the Trauma
Registry System of a level I regional trauma center from 1 January 2009, to 31 December 2014 (Figure 1).
The study included 2509 patients who had received transfusion of packed red blood cells or whole
blood at the ED within 24 h. Patients with incomplete registered data (n = 19) were excluded. A patient
receiving blood transfusion of 10 units (U) or more within 24 h of arrival at the ED was considered
to have received MT (n = 99) [8]. The total amount of transfusion included packed red blood cells or
whole blood given within the initial 24 h. Other patients who were transfused with less than 10 U of
blood within 24 h of arrival at the ED were defined as patients without MT (n = 2391). Patients who
died on hospital arrival or at the accident scene were not included in the study. Detailed patient
information retrieved from the Trauma Registry System of our institution included the following: age;
sex; SBP and HR assessed by the nursing staff upon arrival at the triage desk of the ED; SI, defined as
the ratio of HR/SBP; MSI, defined as HR divided by MAP = (2 ˆ DBP + SBP) ˜ 3 [18,23]; and Age SI,
defined as age multiplied by SI, which accounts for the age of the patient in addition to the factors
addressed by SI [20,23]. The pre-existing comorbidities and chronic diseases noted included diabetes
mellitus (DM), hypertension (HTN), coronary artery disease (CAD), congestive heart failure (CHF),
cerebrovascular accident (CVA), end-stage renal disease (ESRD) and abnormal bodyweight as defined
by the World Health Organization [24,25]. Other retrieved data included blood alcohol concentration
(BAC); initial laboratory data Hb and BD; ISS; hospital length of stay (LOS); LOS in ICU; and in-hospital
mortality. Patients with a BAC of ě50 mg/dL on arrival at the hospital were considered intoxicated.
The ISS was expressed as the median and interquartile range (IQR, Q1–Q3). Odds ratios (ORs) for
the associated conditions and injuries of the patients were calculated with 95% confidence intervals
(CIs). Adjusted odd ratios (AORs) for mortality adjusted by age, sex, and ISS with 95% CIs were also
calculated. The data collected were compared using IBM SPSS Statistics for Windows, version 20.0
(IBM Corp., Armonk, NY, USA). The two-sided Fisher exact test or the Pearson chi-square test was used
to compare categorical data. The unpaired Student t-test was used to analyze normally distributed
continuous data, which was reported as mean ˘ standard deviation. The Mann-Whitney U-test was
used to compare non-normally distributed data. After adjusting for these confounding factors, binary
logistic regression was used for evaluating the association of MT with mortality. All possible variables,
including SBP, HR, Hb, BD, SI, MSI, and Age SI, were evaluated for cut-off points that could predict
the patients’ probability of receiving MT by plotting specific receiver operating characteristic (ROC)
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curves. The accuracy of each parameter in predicting the investigated outcomes was then calculated in
terms of sensitivity and specificity for each possible cut-off. The cut-off 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 chi-square test was used to verify significant
differences between the observed and expected frequencies of investigated outcomes for each possible
cut-off value of every parameter. High accuracy was defined as an area under the curve (AUC) of
more than 0.9, moderate accuracy as an AUC between 0.9 and 0.7, and low accuracy as an AUC less
than 0.7 [26]. p-values < 0.05 were considered statistically significant. Linear regression analysis of the
level of physiological response and parameters for the units of transfused blood was performed in the
patients grouped by sex or the presence or absence of HTN, DM, CAD, or alcohol intoxication.
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3. Results

3.1. Demographics and Injury Characteristics of Patients Receiving MT

As shown in Table 1, the mean age of patients receiving MT was less than that of those not
receiving MT (42.6 ˘ 18.5 years and 49.4 ˘ 19.4 years, respectively; p = 0.001). Significantly more men
than women received MT. Among patients grouped by BMI, no significant differences were found
between patients who received or did not receive MT. Incidence rates of HTN were significant lower
in the patients receiving MT though no significant difference was seen in incidence rates of other
pre-existing comorbidities such as DM, CAD, CHF, and ESRD as compared to patients not receiving
MT. There was no significant difference in the incidence of alcohol intoxication (BAC ě 50 mg/dL)
between patients receiving MT and those not receiving MT.
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Table 1. Demographics and injury characteristics of patients with and without MT.

Variables MT n = 99 No MT n = 2391 Odds Ratio (95% CI) p

Age 42.6 ˘18.5 49.4 ˘19.4 - 0.001

Sex

Male 78 (78.8) 1530 (64.0) 2.1 (1.28–3.41) 0.003

Female 21 (21.2) 861 (36.0) 0.5 (0.29–0.78) 0.003

BMI

BMI < 18.5 5 (5.1) 196 (8.2) 0.6 (0.24–1.48) 0.346

18.5 ď BMI < 25 41 (41.4) 1206 (50.4) 0.7 (0.46–1.04) 0.082

25 ď BMI < 30 30 (30.3) 636 (26.6) 1.2 (0.77–1.86) 0.418

BMI ě 30 9 (9.1) 180 (7.5) 1.2 (0.61–2.48) 0.699

Co-morbidity

HTN 7 (7.1) 557 (23.3) 0.3 (0.12–0.54) p < 0.001

DM 6 (6.1) 298 (12.5) 0.5 (0.20–1.04) 0.059

CAD 1 (1.0) 58 (2.4) 0.4 (0.06–2.99) 0.516

CHF 0 (0.0) 11 (0.5) - 1.000

ESRD 0 (0.0) 18 (0.8) - 0.639

Alcohol ě 50 14 (14.1) 226 (9.5) 1.6 (0.88–2.82) 0.161

ISS (median, IQR) 26 (18–38) 13 (9–20) - p < 0.001

<16 15 (15.2) 1483 (62.0) 0.1 (0.06–0.19) p < 0.001

16–24 26 (26.3) 505 (21.1) 1.3 (0.84–2.10) 0.259

ě25 58 (58.6) 403 (16.9) 7.0 (4.61–10.56) p < 0.001

Mortality (crude) 30 (30.3) 64 (2.7) 15.8 (9.63–25.94) p < 0.001

Mortality (adjusted) - - 5.4 (2.91–9.84) p < 0.001

Hospital LOS (days) 21.6 ˘19.2 12.8 ˘12.2 - p < 0.001

ICU (n, %) 84 (84.8) 872 (36.5) 9.8 (5.60–17.00) p < 0.001

ICU LOS (days) 9.7 ˘9.8 7.3 ˘8.2 - 0.035

BMI = body mass index; MT = massive transfusion; CAD = coronary artery disease; CHF = congestive heart
failure; CI = confidence interval; DM = diabetes mellitus; ESRD = end-stage renal disease; HTN = hypertension;
ICU = intensive care unit; ISS = injury severity score; LOS = length of stay; U = units.

3.2. Injury Severity and Outcome of Patients Receiving MT

A significantly higher ISS was found in patients who received MT than in those who did not
receive MT (median (IQR: Q1–Q3), 26 (18–38) vs. 13 (9–20), respectively; p < 0.001). When stratified by
ISS (<16, 16–24 or ě25), more patients with an ISS ě 25 (30.3% vs. 2.7%, respectively; p < 0.001) and
fewer patients with an ISS < 16 (15.2% vs. 62.0%, respectively; p < 0.001) were found to have received
MT. Patients who received MT presented a significantly higher incidence of mortality than those not
receiving MT (crude OR 15.8, 95% CI: 9.63–25.94; p < 0.001). With confounders including age, sex,
and ISS, under control, patients receiving MT presented a significant 5.4-fold increase in mortality
rates over those not receiving MT (AOR 5.4, 95% CI: 2.91–9.84; p < 0.001). Furthermore, compared to
patients not receiving MT, patients who received MT had significantly longer hospital LOS (21.6 days
vs. 12.8 days, respectively; p < 0.001), a higher proportion being admitted to the ICU (84.8% vs. 36.5%,
respectively; p < 0.001), and a longer LOS in the ICU (9.7 days vs. 7.3 days, respectively; p = 0. 035).

3.3. Association of Physiological Response and Parameters with MT

Compared to those who did not receive MT, the patients receiving MT presented significantly
different changes in physiological response and parameters, including a higher HR and lower SBP,
Hb, and BD, as well as increased SI, MSI, and Age SI (Table 2). A logistic regression approach was
adopted to evaluate the association between different physiological responses and parameters and
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the binary outcomes of performing MT. According to the ROC curve analysis, the discriminating
powers of the SBP, BD, SI, and MSI were better than would be expected, in the conditions where the
AUC was greater than 0.70 (Figure 2). With the sensitivity and specificity of the model for MT set
at 0.693 and 0.761, respectively, a BD of ´4.50 mmol/L as the cut-off point had the highest AUC of
0.784 (sensitivity: 0.693 and specificity: 0.761). An SBP of 120.5 mmHg, an SI of 0.95, and an MSI of
1.15 was identified as the cut-off for the requirement of MT, with an AUC of 0.716, (sensitivity: 0.725
and specificity: 0.636), 0.760 (sensitivity: 0.563 and specificity: 0.876), and 0.756 (sensitivity: 0.615 and
specificity: 0.823), respectively (Table 3). However, the accuracy of prediction of MT was low for all
four predictive variables. Further analysis of the cut-off points of SI, MSI, and Age SI was performed in
different groups of patients stratified by sex, and absence or presence of HTN, DM, CAD, and alcohol
intoxication (Table 4). The results demonstrated that these three indices would still have significant
discriminating power in patients of different sex or in the presence or absence of alcohol intoxication.
However, in the groups of patients with HTN, DM, or CAD, these three indices had no significant
discriminating power in determining the probability of MT. In addition, in those patients who had
received MT, none of these variables could be significantly correlated to the amount of blood that
was transfused, regardless of stratification according to sex, HTN, DM, CAD, or alcohol intoxication
(Supplementary Materials Figure S1).

Table 2. Physiological response and parameters of patients with and without MT.

Variables MT No MT p

HR (beats/min) 104.8 ˘29.8 89.3 ˘20.7 p < 0.001
SBP (mmHg) 110.7 ˘41.4 139.9 ˘34.8 p < 0.001

Hb (g/dL) 11.4 ˘3.0 13.0 ˘2.1 p < 0.001
BD (mmol/L) ´8.8 ˘6.3 ´3.3 ˘5.2 p < 0.001

SI (bpm/mmHg) 1.1 ˘0.5 0.7 ˘0.3 p < 0.001
MSI (bpm/mmHg) 1.4 ˘0.8 0.9 ˘0.4 p < 0.001

Age SI (years ˆ bpm/mmHg) 43.1 ˘26.3 31.7 ˘15.2 p < 0.001

BD = base deficit; Hb = hemoglobin; HR = heart rate; MSI = mean shock index; SBP = systolic blood pressure;
SI = shock index.
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Table 3. Cut-off value and area under the curve of different physiological variables in predicting the requirement for MT.

Variables Cut-off Sensitivity Specificity AUC

HR (beats/min) 109.50 0.475 0.853 0.671
SBP (mmHg) 120.5 0.725 0.636 0.716

Hb (g/dl) 11.50 0.782 0.485 0.645
BD (mmol/L) ´4.50 0.693 0.761 0.784

SI (bpm/mmHg) 0.950 0.563 0.876 0.760
MSI (bpm/mmHg) 1.150 0.615 0.823 0.756

Age SI (years ˆ bpm/mmHg) 36.95 0.542 0.723 0.627

AUC = area under curve; BD = base deficit; Hb = hemoglobin; HR = heart rate; MSI = mean shock index; SBP = systolic blood pressure; SI = shock index.

Table 4. Cut-off value, sensitivity, and specificity of SI, MSI, and Age SI in predicting MT according to stratification of the groups of patients by the sex, absence or
present of HTN, DM, CAD, and alcohol intoxication.

Variables
SI MSI Age SI

Cut-off Sensitivity Specificity AUC p Cut-off Sensitivity Specificity AUC p Cut-Off Sensitivity Specificity AUC p

Male 0.950 0.584 0.862 0.757 p < 0.001 1.150 0.636 0.805 0.761 p < 0.001 22.550 0.844 0.283 0.626 p < 0.001
Female 0.750 0.632 0.745 0.753 p < 0.001 1.150 0.526 0.853 0.719 0.001 41.550 0.526 0.830 0.651 0.024

HTN (+) 0.750 0.500 0.874 0.672 0.148 0.750 0.833 0.504 0.653 0.198 40.250 0.667 0.699 0.588 0.458
HTN (´) 0.950 0.589 0.852 0.749 p < 0.001 1.150 0.644 0.789 0.748 p < 0.001 36.550 0.544 0.749 0.652 p < 0.001
DM (+) 0.750 0.667 0.859 0.708 0.081 0.950 0.667 0.785 0.710 0.078 34.350 0.833 0.495 0.636 0.256
DM (´) 0.950 0.578 0.866 0.759 p < 0.001 1.150 0.622 0.810 0.756 p < 0.001 36.550 0.556 0.732 0.633 p < 0.001
CAD (+) 0.950 0.500 0.927 0.661 0.435 0.750 1.000 0.464 0.723 0.282 40.250 1.000 0.609 0.773 0.187
CAD (´) 0.950 0.564 0.873 0.762 p < 0.001 1.150 0.617 0.819 0.757 p < 0.001 36.950 0.532 0.733 0.628 p < 0.001

Alcohol (+) 1.050 0.643 0.815 0.780 p < 0.001 1.050 0.929 0.473 0.750 0.002 55.050 0.571 0.869 0.680 0.024
Alcohol (´) 0.950 0.549 0.894 0.753 p < 0.001 1.150 0.585 0.847 0.752 p < 0.001 36.550 0.524 0.722 0.616 p < 0.001

CAD = coronary artery disease; DM = diabetes mellitus; HTN = hypertension; MSI = mean shock index; SI = shock index.
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4. Discussion

In this study, the patients receiving MT presented significantly different changes in physiological
responses and parameters, including a higher HR and lower SBP, Hb, and BD, as well as increased SI,
MSI, and Age SI. However, only four parameters (SBP, BD, SI, and MSI) had a discriminating power of
moderate accuracy (AUC > 0.7) as would be expected. The other three parameters, which included
HR, Hb, and Age SI, were not acceptable as predictors for MT.

Some authors have observed that even though individual vital signs cannot predict the severity of
bleeding, combination of HR and SBP into the SI seems to provide a clinically useful tool for predicting
shock in trauma patients [16]. In multivariate logistic regression analysis, the initial SI and HR have
been identified as the only variables associated with the requirement for MT, where a much higher odds
ratio of SI (OR 9.47; 95% CI: 1.75–51.28; p < 0.01) than the odds ratio of HR (OR 1.06; 95% CI: 1.02–1.09;
p < 0.01) was found [27]. In this study, a BD of ´4.50 mmol/L as the cut-off point had the highest
AUC of 0.784. This is consistent with previous reports in which BD was an independent predictor of
blood transfusion requirement [28,29] and the coagulopathy of trauma appeared to be the combined
effect of blood loss, acidosis, hypothermia and clotting factor consumption [30]. In addition, the SI
has been reported to provide a clinically useful tool equivalent to the use of BD for predicting shock
in trauma patients [16]. In addition, recommendations for the ideal cut-off were varied, with most
studies using a cut-off of ě0.9 to predict hypotension [31] or post-trauma critical bleeding [8]. In this
study, the SI, with a cut-off value of 0.95, is moderately accurate in predicting MT. However, because
the cut-off value of ě1.0 (i.e., HR ě SBP) was observed to have higher specificity and might be simpler
for pre-hospital personnel in particular to calculate [8], the concept of a warning signal (when a trauma
patient's SBP is numerically less than his/her HR) makes it easier to identify high-risk patients without
requiring any additional equipment [32–34].

In this study, the MSI did not present better discriminating power than the SI in predicting MT,
and the Age SI was even worse. The result is unsurprising because SBP comprises two-thirds of the
value of MAP that is used to calculate MSI and the relationship of diastolic blood pressure to MT is
yet to be evaluated. In addition, the Age SI was developed particularly for geriatric patients, with
an adjustment for age to increase the discriminating ability of the SI [20]. Zarzaur et al. found that the
Age SI performed worse than the SI alone in predicting the need for transfusion of ě4 units in 48 h,
but only when applied to patients ě55 years old, when the area under the ROC curve was significantly
increased from 0.79 to 0.81 [20]. Because no better discriminating power could be provided by the MSI
and the Age SI over the traditional SI, the associated unwanted need for complex calculation of these
two parameters may limit their use for predicting MT as compared with the traditional SI.

Notably, in this study, although the SI could provide a higher discriminating power to predict MT
than SBP or HR, the difference was not great. Moreover, this predictive power may be compromised
in patients with HTN, DM, or CAD, in which conditions the dynamic response of HR and SBP and
thus the calculated SI may differ from healthy patients and thus hinder its application in predicting
MT. To improve the accuracy of the SI, repeated measures at different time points might add more
value than a single measure of the SI. A SI averaged over a time period in the pre-hospital setting
is better in predicting bleeding [35]. Similarly, an almost five-fold higher mortality (27.6% vs. 5.8%)
was associated with an increase of ě0.3 in observed SI trends from the pre-hospital to the in-hospital
setting [14].

Unsurprisingly, the use of a single parameter such as the SI to predict the need for MT has
limitations in acquiring high accuracy. Various models have been proposed to anticipate MT with
variable success [36–39]. In a validation study of six scoring systems, including Trauma-Associated
Severe Hemorrhage (TASH) score [39], Prince of Wales Hospital/Rainer (PWH) score, Vandromme
score, Assessment of Blood Consumption/Nunez (ABC) score, Schreiber score and Larsen score, for
the risk of MT at a very early stage after trauma [2], the TASH score had the highest overall accuracy
as reflected by an AUC of 0.889 followed by the PWH-Score with an AUC of 0.860 [2]. In addition,
the Traumatic Bleeding Severity Score (TBSS) has been introduced to accurately predict the need for
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MT and can be calculated using an iOS application [37]. With a high predictive value (AUC of 0.985,
sensitivity 97%, and specificity 96%) [38], the TBSS has strong predictive value and is calculated using
only five clinical variables, including the patient’s age, SBP, results of the focused assessment with
sonography for trauma scan, the presence/severity of a pelvic fracture, and the serum lactate level [37].
However, this sophisticated calculation can only be done in a hospital with imaging or laboratory
facilities, and such models are limited in the urgent prediction of MT in pre-hospital settings or just
upon arrival to the hospital. The use of the SI to identify patients at high risk for MT may still provide
some valuable information in such conditions, although it has only moderate accuracy and its use in
patients with HTN, DM, or CAD may not be appropriate.

We acknowledge the limitations of our study. First, owing to the retrospective design of this study,
there is an inherent selection bias. Second, our trauma registry does not contain information about
prior medication such as the use of beta-blockers, antihypertensive agents, analgesics, or drugs for
anxiety, which could also influence SBP and HR and therefore the SI. Third, the impact of pre-existing
comorbidities on the need for MT remains unclear and could not be excluded from the analysis.
Fourth, the amount of blood transfused is grossly based on the clinician’s judgment reflecting current
pragmatic practice in trauma resuscitation, rather than being based on an established gold standard
for severe hemorrhage. The bias may be greater, particularly when the volume and rate of other fluids
infused during resuscitation is unknown. In addition, although restrictive resuscitation or transfusion
on the basis of age alone was supported from the literature [40], whether there is a restrictive blood
transfusion in the elderly in this study was unknown. Fifth, the analysis of an acute definition of MT
(e.g., more than 5 units in 4 h) may be more relevant to the critical condition of the patients, however,
such data could not be accurately provided by our Trauma Registry System. Finally, the vital signs
and the SI used in this study were based on values recorded at the triage desk; however, due to their
dynamic nature, conclusions drawn from a single measurement may differ from those drawn from
multiple measurements averaged over time.

5. Conclusions

This study reveals that, with a cut-off value of 0.95, the SI is moderately accurate in predicting
MT. However, this predictive power may be compromised in patients with HTN, DM, or CAD.
Moreover, the more complex calculations of the MSI and the Age SI do not provide better discriminating
power than the SI.

Supplementary Materials: The following are available online at www.mdpi.com/1660-4601/13/7/683/s1,
Figure S1: Correlation of the amount of transfused blood to SI in the patients stratified according to sex, HTN,
DM, CAD, or alcohol intoxication.
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Abstract: Background: High-grade blunt hepatic and/or splenic injuries (BHSI) remain a great
challenge for trauma surgeons. The main aim of this study was to investigate the characteristics,
mortality rates, and outcomes of high-grade BHSI in motorcyclists and car occupants hospitalized for
treatment of traumatic injuries in a Level I trauma center in southern Taiwan. Methods: High-grade
BHSI are defined as grade III-VI blunt hepatic injuries and grade III-V blunt splenic injuries. This
retrospective study reviewed the data of 101 motorcyclists and 32 car occupants who experienced a
high-grade BHSI from 1 January 2011 to 31 December 2013. Two-sided Fisher’s exact or Pearson’s
chi-square tests were used to compare categorical data, unpaired Student’s t-test was used to analyze
normally distributed continuous data, and Mann–Whitney’s U test was used to compare non-normally
distributed data. Results: In this study, the majority (76%, 101/133) of high-grade BHSI were due to
motorcycle crashes. Car occupants had a significantly higher injury severity score (ISS; 26.8 ˘ 10.9 vs.
20.7 ˘ 10.4, respectively, p = 0.005) and organ injured score (OIS; 3.8 ˘ 1.0 vs. 3.4 ˘ 0.6, respectively,
p = 0.033), as well as a significantly longer hospital length of stay (LOS; 21.2 days vs. 14.6 days,
respectively, p = 0.038) than did motorcyclists. Car occupants with high-grade BHSI also had worse
clinical presentations than their motorcyclist counterparts, including a significantly higher incidence
of hypotension, hyperpnea, tube thoracostomy, blood transfusion >4 units, LOS in intensive care unit
>5 days, and complications. However, there were no differences in the percentage of angiography
or laparotomy performed or mortality rate between these two groups of patients. Conclusions: This
study demonstrated that car occupants with high-grade BHSI were injured more severely, had a
higher incidence of worse clinical presentation, had a longer hospital LOS, and had a higher incidence
of complications than motorcyclists. The results also implied that specific attention should be paid to
those car occupants with high-grade BHSI, whose critical condition should not be underestimated
because of the concept that the patients within in a car are much safer.

Keywords: blunt hepatic and/or splenic injuries (BHSI); motorcycle; car accident; trauma; injury
severity score (ISS); organ injured score (OIS); length of stay (LOS)
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1. Introduction

Blunt abdominal trauma accounts for 2.7% to 17% of emergency department (ED) visits owing
to trauma [1–3] and may result in life-threatening hemorrhage [4]. The liver and spleen are the most
commonly injured organs in this region. Blunt hepatic and splenic injuries have been reported to
occur in 4% and 5.4% of blunt torso injuries, respectively [5]. Of all the common causes of blunt
hepatic and/or splenic injuries (BHSI), traffic accidents, falls, occupational accidents, and assaults
account for more than 80% of cases [6,7]. In addition, although the incidence of BHSI in motor vehicle
accidents is relatively low (<6%), compared to the incidence of injuries to the extremities or head
injuries (>50%) [1,2,8–12], initial evaluation and management of patients with high-grade BHSI are still
formidable challenges for clinicians because concealed hemorrhage remains the second most common
cause of death after trauma [4]. Traffic accidents usually result in remarkable damage to the drivers or
riders. With the increasing motorization in recent decades, motorcycle and car accidents continue to
be a major source of BHSI [8]. In developed countries, BHSI occurs more frequently in car occupants,
but the situation is possibly different in Taiwan, where motorcyclists comprise a major portion of
the trauma population. In fact, more than 50% of all trauma accidents involve motorcycles [13–16].
Previous studies have also shown that the mechanisms of injuries in motorcyclists with BHSI, as well as
the characteristics of resulting injuries in both anatomical and physiological aspects, are different from
those of car occupants, taking into account the vulnerability, lack of protection, and relatively high
driving speed of the former [9,17]. Because the mechanism of traumatic injury in Taiwan is distinct
from that in many Western countries, the main aim of this study was to investigate the characteristics,
mortality rates, and outcomes of high-grade BHSI in motorcyclists and car occupants hospitalized for
treatment of traumatic injuries in a Level I trauma center in southern Taiwan.

2. Methods

2.1. Ethics Statement

This study was pre-approved by the Institutional Review Board (IRB) of the Chang Gung
Memorial Hospital (approval number 102-4441B). The need for informed consent was waived
according to IRB regulations.

2.2. Study Design

This retrospective study reviewed all data added to the Trauma Registry System from 1 January
2011 to 31 December 2013 in a 2400-bed facility and Level I regional trauma center that provides
care to trauma patients primarily from southern Taiwan. All data were prospectively collected and
retrospectively analyzed from the medical records of the hospitalized patients with abdominal trauma
due to motorcycle and car accidents. Only motorcyclists and car occupants were included, whereas
pedestrians involved in the accidents and patients with BHSI from causes other than motorcycle and
car accidents were excluded. The other injury mechanisms were excluded because there were too few
patients with high-grade BHSI from all of the other injury mechanisms included fall, bicycle accidents,
and strike against/by objects. The severity of BHSI was graded according to the classification of the
American Association for the Surgery of Trauma (1994 revision). Patients with concomitant liver and
spleen injuries were assigned to either the liver or splenic injury group according to the organ with
the higher injury grading [18]. High-grade BHSI are defined as grade III-VI blunt hepatic injuries
and grade III-V blunt splenic injuries [18]. A total of 4379 patients were assessed for eligibility for
the study. Among them, 4153 (94.8%) motorcyclists and 226 (5.2%) car occupants were enrolled in
the study (Figure 1). Of these patients, 260 had sustained a BHSI, including 168 motorcyclists and
42 car occupants. Those patients who had sustained a low-grade injury (grade I or II), had no available
abdomen computed tomography (CT) data, or who had incomplete registered data were excluded.
Finally, 101 motorcyclists (2.4% of all motorcyclists) and 32 car occupants (14.1% of all car occupants)
who had high-grade BHSI were eligible for further analysis.
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Figure 1. Flow chart of the studied patients with blunt hepatic and/or splenic injuries (BHSI).

2.3. Study Parameters

The data collected included age, sex, vital signs at the ED (systolic blood pressure (SBP), heart
rate (HR), respiratory rate (RR), Glasgow Coma Scale (GCS) score, hemoglobin level, mechanism
of injury, severity of hepatic and splenic injury, Injury Severity Score (ISS), Organ Injury Score
(OIS), incidence of large hemoperitoneum or contrast pooling from CT, acute treatment procedures
(tube thoracostomy, endotracheal intubation, blood transfusions), clinical management strategies
(angiography, laparotomy), length of stay (LOS) in hospital and in intensive care unit (ICU), the
presence of associated injuries, in-hospital mortality, and rates of associated complications.

2.4. Definitions

Unstable vital signs (defined as SBP ď 80 mmHg or RR > 20 times/min), large hemoperitoneum
(defined as abnormal fluid accumulation over the subphrenic space, bilateral paracolic gutters, and
pelvic cavity) or contrast pooling on CT, tube thoracostomy, blood transfusion >4 units (U), ISS > 16,
and LOS in ICU >5 days were considered markers for the relative severity of injuries. ED blood
transfusions included units of blood transfused during resuscitation at ED or transfusions before a
transfer from a local hospital, whereas ward blood transfusions referred to all units administered
during hospitalization, excluding those administered at the ED. Complications included intra-abdomen
abscess, prolonged ileus, biloma, empyema, and a return to operating room for peritonitis, re-bleeding,
or a failed conservative treatment.

2.5. Statistical Analysis

The data collected were compared using IBM SPSS Statistics for Windows, version 20.0 (IBM Corp.,
Armonk, NY, USA). Two-sided Fisher’s exact or Pearson’s chi-square tests were used to compare
categorical data. The unpaired Student’s t-test was used to analyze normally distributed continuous
data, which were reported as mean˘ standard deviation. Mann–Whitney’s U test was used to compare
non-normally distributed data. Moreover, p-values <0.05 were considered statistically significant.

3. Results

3.1. Characteristics of High-Grade BHSI in Motorcyclists and Car Occupants

In this study, the majority (76%, 101/133) of high-grade BHSI were due to motorcycle crashes.
Among the 101 motorcyclists (2.4% of all motorcyclists) and 32 car occupants (14.1% of all car
occupants) who had a high-grade BHSI, there was no statistically significant difference in sex and age
between motorcyclists and car occupants (Table 1). In terms of vital signs on arrival at the ED, the
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SBP was significantly lower in car occupants than in motorcyclists (105 ˘ 28 vs. 122 ˘ 29 mmHg,
respectively, p = 0.005), and RR was significantly higher in car occupants than in motorcyclists
(22 ˘ 5 vs. 20 ˘ 4 times/min, respectively, p = 0.042). There were no significant differences in HR,
hemoglobin level, or GCS score between the two groups. The car occupants had a significantly higher
ISS (26.8 ˘ 10.9 vs. 20.7 ˘ 10.4, respectively, p = 0.005) and OIS (3.8 ˘ 1.0 vs. 3.4 ˘ 0.6, respectively,
p = 0.033) than those in motorcyclists.

Table 1. Characteristics and management of high-grade BHSI in motorcyclists and car occupants.

Variables Motorcyclists Car Occupants p-Value

n = 101 n = 32
Sex (male) 64 (63.4%) 20 (62.5%) 0.929
Age (years) 32.3 ˘ 16.1 33.0 ˘ 15.4 0.843

SBP (mmHg) 122 ˘ 29 105 ˘ 28 0.005
HR (beats/min) 99 ˘ 21 100 ˘ 23 0.811
RR (times/min) 20 ˘ 4 22 ˘ 5 0.042

Hemoglobin (g/dL) 11.7 ˘ 2.5 11.7 ˘ 2.3 0.912
GCS 13.7 ˘ 2.8 13.3 ˘ 3.1 0.505
ISS 20.7 ˘ 10.4 26.8 ˘ 10.9 0.005
OIS 3.4 ˘ 0.6 3.8 ˘ 1.0 0.033

Blood transfusion (U), ED 2.0 ˘ 2.6 3.8 ˘ 4.9 0.048
Blood transfusion (U), ward 3.8 ˘ 6.8 6.3 ˘ 10.5 0.209

Angiography, ED 33 (32.7%) 8 (25.0%) 0.413
Angiography, ward 7 (6.9%) 4 (12.5%) 0.460

Laparotomy, ED 17 (16.8%) 9 (28.1%) 0.160
Laparotomy, ward 5 (5.0%) 1 (3.1%) 1.000

Hospital LOS (days) 14.6 ˘ 10.5 21.2 ˘ 16.1 0.038
ICU LOS (days) 5.1 ˘ 5.3 8.1 ˘ 8.4 0.065

ED: emergency department; GCS: Glasgow coma scale; HR: heart rate ICU: intensive care unit; ISS: injury
severity score; LOS: length of stay; OIS: organ injury score; RR: respiratory rate; SBP: systolic blood pressure;
U: unit. p-Values with statistical significance are presented in bold font.

3.2. Management of Motorcyclists and Car Occupants with High-Grade BHSI

The units of blood transfused were significantly higher in the car occupants than in the
motorcyclists (3.8 ˘ 4.9 vs. 2.0 ˘ 2.6 U, respectively, p = 0.048) admitted to the ED but not the
ward. The percentage of performed acute management, including angiography and laparotomy at
the ED or ward, was not significantly different between these two groups of patients. In addition, the
hospital LOS was significantly longer for car occupants than for motorcyclists (21.2 days vs. 14.6 days,
respectively, p = 0.038). However, although the stay in ICU was 3 days longer for car occupants than
for motorcyclists, the difference was not statistically significant (8.1 days vs. 5.1 days, respectively,
p = 0.065).

3.3. Clinical Presentation in Motorcyclists and Car Occupants with High-Grade BHSI

As shown in Table 2, car occupants with high-grade BHSI had worse clinical presentations
than their motorcyclist counterparts, including a significantly higher incidence of hypotension
(i.e., SBP ď 80), hyperpnea (i.e., RR > 20), severe injury (i.e., ISS > 16), tube thoracostomy, blood
transfusion > 4 U, ICU LOS > 5 days, and complications. However, there were no differences in
the incidence of contrast pooling or large hemoperitoneum on CT, endotracheal intubation, blood
transfusion at the ED, or mortality between these two groups of patients.
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Table 2. Clinical presentation in motorcyclists and car occupants with high-grade BHSI.

Variables
Motorcyclists Car Occupants p-Value

n % n %

SBP ď 80 mmHg 9 8.9 8 25.0 0.030
RR > 20/min 20 19.8 12 37.5 0.045

ISS > 16 65 64.4 27 84.4 0.033
Contrast pooling in CT 31 30.7 9 28.1 0.783

Large hemoperitoneum in CT 31 30.7 11 34.4 0.696
Endotracheal intubation 13 12.9 4 12.5 1.000

Tube thoracostomy 17 16.8 11 34.4 0.046
Blood transfusion at ED 51 49.5 18 56.2 0.570
Blood transfusion > 4 U 30 29.7 16 50.0 0.035

ICU LOS > 5 days 28 27.7 16 50.0 0.030
Complications 7 6.9 7 21.9 0.041

Mortality 5 5.0 3 9.4 0.398

CT: computer tomography; ED: emergency department; GCS: Glasgow coma scale; ISS: injury severity score;
ICU: intensive care unit; ISS: injury severity score; LOS: length of stay; RR: respiratory rate; SBP: systolic blood
pressure; U: unit. p-Values with statistical significance are presented in bold font.

3.4. Associated Injuries in the Thoracoabdominal Regions in Motorcyclists and Car Occupants with
High-Grade BHSI

In the thoracoabdominal regions, there was a significantly lower incidence of clavicle fracture
(0% vs. 14.9%, respectively, p = 0.021), but a higher incidence of chest injury (65.6% vs. 44.6%,
respectively, p = 0.038) in car occupants than in motorcyclists (Table 3). There was no significant
difference in the incidence of isolated rib fracture, hemothorax or pneumothorax, or lung contusion
between these two groups of patients.

Table 3. Associated injuries in thoracoabdominal regions of motorcyclists and car occupants with
high-grade BHSI.

Associated Injuries Motorcyclists Car Occupants p-Value
n % n %

Clavicle fracture 15 14.9 0 0 0.021
Scapula fracture 2 2.9 1 3.1 0.565

Chest injury 45 44.6 21 65.6 0.038
Isolated rib fracture 16 15.8 5 15.6 0.977

Hemothorax/pneumothorax 10 9.9 6 18.8 0.214
Lung contusion 5 5.0 0 0 0.336

Abdomen organ injury 20 19.8 7 21.9 0.799
Pelvic fracture 9 8.9 4 9.5 0.512

Abdominal organ injury included injury to the bowel, pancreas, kidney, and mesentery. p-Values with statistical
significance are presented in bold font.

4. Discussion

In this study, the majority of BHSI were due to motorcycle crashes. This is different from the results
reported in other countries, where car accidents have been found to account for the larger proportion
of BHSI [2,3,6,19]. In addition, although motorcyclists are deemed to be unprotected and vulnerable
to high-impact collisions, accounting for the high rates of morbidities and fatalities [9,10,12,17], car
occupants were found to be at greater risk of high-grade BHSI than were motorcyclists, as there were
32 of 226 (14.1%) car occupants and 101 of 4153 (2.4%) motorcyclists had sustained high-grade BHSI in
this study. The conflicting results between our study and those previously reported may be due to
differences in the predominant mode of transportation and traffic regulations. In Taiwan, motorcyclists
comprise a major portion of the trauma population and they are more likely to sustain injuries to the
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extremities [8–10,12,20,21], whereas thoracoabdominal injuries are more common in victims of car
crashes [19,22–24]. Notably, although many studies have confirmed the effectiveness of safety belts
in decreasing mortality rates and injury severity after motor vehicle crashes [8,25], seat belt use in
the car is prone to specific regional injury patterns: patients whose records indicated the use of a seat
belt had a 2.4-fold higher incidence of rib fractures, a 3.1-fold higher incidence of liver injuries, and a
24-fold higher incidence of splenic trauma compared to patients whose records did not indicate seat
belt use [23].

In addition to carrying a greater risk for high-grade BHSI, with a significantly higher ISS and OIS,
car occupants with high-grade BHSI were injured more severely than the motorcyclists. Moreover, car
occupants had a higher incidence of worse clinical presentation, including hypotension, hyperpnea,
tube thoracostomy, blood transfusion > 4 U, ICU LOS > 5 days, and complications. Notably, there
were no significant differences in the incidence of either isolated rib fractures or hemothorax or
pneumothorax, but there was a significantly higher incidence of tube thoracostomy in car occupants
than in motorcyclists and more car crash victims (n = 11) received tube thoracostomy than those who
had hemothorax or pneumothorax (n = 6). This suggests that the rib fracture was a more critical injury
for car crash victims than for motorcyclists. Additionally, although the incidence of blood transfusion
at the ED was similar between the two groups, the number of units of blood transfused at the ED
was significantly higher for car occupants than for motorcyclists. Moreover, car crash patients had a
significantly higher incidence of blood transfusion > 4 U during hospitalization than did motorcyclists.
This is consistent with the results reported by Sartorelli et al. [26], in that clinical management is more
critical in patients with BHSI who received more than 4 units of transfused blood, and the findings of
Robinson III et al. [7], in that blood transfusion is a strong independent predictor of morbidity and
hospital stay in patients with BHSI. However, it had to be noted that although in this study the car
occupants with high-grade BHSI were injured more severely, had a higher incidence of worse clinical
presentation and outcome than motorcyclists, it did not indicate the motorcyclists are safer than the
car occupants regarding BHSI, because the comparison between motorcyclists and car occupants
was not based on the same impact force during the accident but according to the selected patients
with high-grade BHSI from the accident. The results rather indicated that since motorcyclists are
not protected, it is easier to have an isolated BHSI; however, car occupants who are more protected
would logically be more severely injured overall if the protection provided by a vehicle has failed to
protect their spleen or liver. The results also implied that specific attention should be paid to those
car occupants with high-grade BHSI, because there is an associated higher severity of injury and
worse outcome of these patients. The critical condition of such patients should not be underestimated
because of the concept that the patients within in a car are much safer.

After demonstration of the safety and effectiveness of non-operative management (NOM) of
solid organ injuries [6,7,18,19,27,28], this protocol-based strategy has been accepted as a mainstream
practice for select patients with BHSI. In the present study, the indicator for failure of conservative
treatment is the rate of laparotomy required for patients during the stay in hospital, and this rate
was not significantly different between motorcyclists and car occupants. The successful use of
NOM for trauma patients with high-grade BHSI was demonstrated not only by the low incidence
of NOM failure, but also by the non-significant difference in the overall mortality rate between
motorcyclists and car occupants. The mortality rate was comparable to that reported in previous
studies (10.5%–14.2%) [6,7,18,27]. However, taking into account that motorcyclists were approximately
30 times more likely to die in a motor vehicle crash than were motor vehicle occupants [29], and
that motorcycle riders were 58 times more likely to be killed on a per-trip basis than their motor
vehicle counterparts [30], the similar overall mortality between motorcyclists and car occupants in
this study reflects the detrimental contribution of high-grade BHSI to mortality. Actually, isolated
injuries have been reported to be uncommon in those sustaining high-grade BHSI [2–4,6,11,12,19,24,31].
Under the basic concept of a combination of injuries that cause a life-threatening condition [32,33],
these polytrauma patients are expected to have a higher risk of morbidity and mortality than the
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summation of expected morbidity and mortality of their individual injuries [34]. In this study, most
deaths were attributed to the associated injuries, including intracranial hemorrhage, pelvic fracture
and coagulopathy, and multiple organ failure, but not to the high-grade BHSI per se. Therefore,
management of concomitant injuries in patients with high-grade BHSI is important and should be
given high priority [35].

Our study has some limitations that should be acknowledged. First, owing to the retrospective
design of the study, there is inherent selection bias. Second, the patients declared dead on hospital
arrival or at the accident scene were not included, and this may have led to selection bias. Third, the
impact of pre-existing comorbidities on the course of hospitalization and mortality was not included in
the analysis and, thus, remains unclear. Fourth, the lack of data regarding indication of hospitalization,
acute management, and admission into ICU prevents further evaluation of the effects of any particular
treatment intervention. This means that we could rely only on the assumption of uniform assessment
and management of the studied populations.

5. Conclusions

This study demonstrated that car occupants with high-grade BHSI were injured more severely, had
a higher incidence of worse clinical presentation, had a longer hospital LOS, and had a higher incidence
of complications than motorcyclists. The results also implied that specific attention should be paid
to those car occupants with high-grade BHSI, whose critical condition should not be underestimated
because of the concept that the patients within in a car are much safer.
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Abstract: Background: A cross-sectional study to investigate the association of Osteoporosis
Self-Assessment Tool for Asians (OSTA) score with clinical presentation and expenditure of
hospitalized adult trauma patients with femoral fractures. Methods: According to the data retrieved
from the Trauma Registry System between 1 January 2009 and 31 December 2015, a total of
2086 patients aged ≥40 years and hospitalized for treatment of traumatic femoral bone fracture were
categorized as high-risk patients (OSTA < −4, n = 814), medium-risk patients (−1 ≥ OSTA ≥−4, n = 634),
and low-risk patients (OSTA > −1, n = 638). Two-sided Pearson’s, chi-squared, or Fisher’s exact tests
were used to compare categorical data. Unpaired Student’s t-test and Mann-Whitney U-test were used
to analyze normally and non-normally distributed continuous data, respectively. Propensity-score
matching in a 1:1 ratio was performed using Number Crunching Statistical Software (NCSS) software
(NCSS 10; NCSS Statistical Software, Kaysville, UT, USA), with adjusted covariates including
mechanism and Glasgow Coma Scale (GCS); injuries were assessed based on the Abbreviated
Injury Scale (AIS), and Injury Severity Score (ISS) was used to evaluate the effect of OSTA-related
grouping on a patient’s outcome. Results: High-risk and medium-risk patients were predominantly
female, presented with significantly older age and higher incidences of co-morbidity, and were
injured in a fall accident more frequently than low-risk patients. High-risk patients and medium-risk
patients had a different pattern of femoral fracture and a significantly lower ISS. Although high-risk
and medium-risk patients had significantly shorter lengths hospital of stay (LOS) and less total
expenditure than low-risk patients did, similar results were not found in the selected propensity
score-matched patients, implying that the difference may be attributed to the associated injury
severity of the patients with femoral fracture. However, the charge of surgery is significantly lower in
high-risk and medium-risk patients than in low-risk patients, regardless of the total population or the
selected propensity score-matched patients. This lower charge of surgery may be attributed to a less
aggressive surgery applied for older patients with high or medium risk of osteoporosis. Conclusions:
This study of hospitalized trauma patients with femoral fracture according to OSTA risk classification
revealed that high-risk and medium-risk patients had significantly higher odds of sustaining injury
in a fall accident than low-risk patients; they also present a different pattern of femoral bone fracture
as well as a significantly lower ISS, shorter hospital LOS, and less total expenditure. In addition,
the significantly lower charge of surgery in high-risk and medium-risk patients than in low-risk
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patients may be because of the preference of orthopedists for less aggressive surgery in dealing with
older patients with osteoporotic femoral bone fracture.

Keywords: osteoporosis; Osteoporosis Self-Assessment Tool for Asians (OSTA); trauma; femoral
fracture; injury severity score (ISS); length of stay (LOS); propensity-score matching

1. Background

With the proportion of elderly population increasing, osteoporosis has rapidly become a growing
global health issue because of the exponentially increasing prevalence and associated morbidity and
costs [1]. Burge et al. estimated that the occurrence of osteoporotic fractures will increase to 3.5 million
in 2025 from the 2 million reported in 2005 [2]. Fractures of the proximal femur are greatly exacerbated
by osteoporosis and present as the most typical and serious complications of osteoporosis [3–6].
It has been estimated that, in women, for every one standard deviation decrease in bone mineral
density (BMD) below the mean age, there is an age-adjusted relative increase of 1.4 in the risk of
femoral neck fracture [7]. In addition, femoral fracture is associated with considerable morbidity [8,9].
Twenty percent of patients who have a hip fracture die within 12 months and only half of the patients
regain the mobile independence they had before the occurrence of hip fracture. Moreover, almost half
of those who can walk without assistance are no longer able to do so and half of those who survive
the accident are no longer able to live independently [1,10,11]. After a hip fracture, the proportion of
patients living in nursing homes increased from 15% to 30% [10]. Thus, a remarkable increase in the
burden on the healthcare system is expected for those patients with osteoporotic femoral bone fracture.

In addition to advanced age, low body weight is also strongly associated with low BMD, as well
as with an increased risk of bony fracture [12–15]. Although the measurement of BMD by dual
energy X-ray absorptiometry remains the gold standard method for diagnosing osteoporosis [13],
the World Health Organization (WHO) developed the Osteoporosis Self-Assessment Tool for Asians
(OSTA) score based simply on age and body weight to identify the women at risk for osteoporosis [16].
The OSTA is calculated using the following formula: (body weight (kg) − age (year)) × 0.2, with the
decimal digits being disregarded [16]. Patients are stratified into patients at low (OSTA > −1), medium
(−1 ≥ OSTA ≥ −4), and high risk (OSTA < −4) of sustaining osteoporosis [11,17]. The OSTA has
been validated as an effective, feasible screening tool to identify patients with low BMD and the risk
of sustaining osteoporosis [16,18–24]. The risk of osteoporosis in the high-, medium- and low-risk
categories was found to be 61%, 15% and 3%, respectively [16]. A significant positive correlation was
found between the OSTA index and T-scores of BMD measured by dual energy X-ray absorptiometry
at the femoral neck [24,25]. The probability of a patient with an OSTA score < −4 having osteoporosis is
53.8% [23]. The probability of a patient with an OSTA score > −4 not having osteoporosis is 99.3% [23].
Using an OSTA threshold of ≤ −1 allows for identification of osteoporotic subjects with femoral
neck BMD T-scores ≤ −2.5, with a specificity of 97.0% and sensitivity of 43.1% in postmenopausal
Chinese women aged 45–59 years old [24]. Although osteoporosis is less prevalent in men than women,
30% of hip fractures occur in men [26] and comprise around 25% of the total cost burden [2]. Similar
supporting correlations have also been reported from OSTA studies in men [17,18,25,27]. In addition,
studies on OSTA report strong correlations not only for the Taiwanese population [28,29] but also for
populations of the Philippines, Japan, Korea, Malaysia, Thailand, Singapore, and China [16,19–24,30].

In Taiwan, the prevalence of osteoporosis was 41.3% in a cohort study of 12,175 Taiwanese
postmenopausal women [31] and 38.3% in Taiwanese women aged ≥ 50 years old [32]. In addition,
with the age-specific incidence rates of hip fractures increasing exponentially after 65 years of age in
both sexes, the Taiwanese population had among the highest hip fracture rates in the world [33,34].
From 1996 to 2002, the overall incidence of hip fractures in Taiwan showed a significant 30% increase
from 49.6 to 64.4 hip fractures per 10,000 people annually [35]. However, currently, little is known
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regarding the impact of osteoporosis on the pattern of fracture of the femoral bone and in-hospital
outcome of trauma patients with femoral fracture. Therefore, we aimed to investigate the association
between OSTA and clinical presentation and expenditure of hospitalized adult trauma patients with
femoral fracture in a Level I trauma center in southern Taiwan.

2. Methods

2.1. Study Design

This retrospective study reviewed data of all 23,705 patients enrolled in the Trauma Registry
System from 1 January 2009 to 31 December 2015 (Figure 1). The patients who were ≥40 years
of age and hospitalized for treatment of traumatic femoral bone fracture were included in the
study. The OSTA was calculated based on age and body weight by using the following formula:
(body weight (kg) − age (year)) × 0.2 [16]. Patients with an incomplete OSTA value or those who
were lacking information pertaining to hospital expenditure were excluded. This inclusion group
consisted of 2086 patients with (1) 814 high-risk patients (OSTA < −4); (2) 634 medium-risk patients
(−1 ≥ OSTA ≥ −4), and (3) 638 low-risk patients (OSTA > −1). Detailed patient information retrieved
from the Trauma Registry System of our institution included the following: age; sex; co-morbidities
such as diabetes mellitus (DM), hypertension (HTN), coronary artery disease (CAD), congestive heart
failure (CHF), and cerebral vascular accident (CVA); trauma mechanism; blood alcohol concentration
(BAC) level; initial Glasgow Coma Scale (GCS) score in the emergency department (ED); severity score
of Abbreviated Injury Scale (AIS) in each body region; Injury Severity Score (ISS); rates of associated
injuries; femur bone-related surgery; length of stay (LOS) in hospital; LOS in intensive care unit
(ICU); in-hospital mortality; and total expenditure, which included charge of the surgery (fees for
surgery and surgical supplies), charge of examination (fees for physical examination, hematology
testing, radiography examination, pathological examination, electrocardiography examination, echo,
endoscopy, electromyography, and cardiac catheterization, and electroencephalography monitoring),
charge of pharmaceuticals (fees for medical services, medicines, and narcotic drugs), and other charges
(fees for registration, administration, wards, nursing, blood/plasma testing, hemodialysis, anesthesia,
rehabilitation-treatment, special material charges, and personal expenses), which was expressed in
U.S. dollars as charge per patient. The fracture sites were recorded according to their location, which
were divided into proximal femur, which including type A (trochanteric); type B (neck); and type C
(head), shaft and distal femur according to the Arbeitsgemeinschaft für Osteosynthesefragen (AO)
classification [36]. Patients with a BAC level of ≥50 mg/dL at the time of arrival at ED were considered
intoxicated. The ISS is expressed as the median and interquartile range (IQR, Q1–Q3). The data
collected were compared using IBM SPSS Statistics for Windows, version 20.0 (IBM Corp., Armonk,
NY, USA). Odds ratios (ORs) of the associated conditions and injuries of the patients were calculated
with 95% confidence intervals (CIs). Pearson, chi-squared test or two-sided Fisher’s exact test were
used to compare categorical data. The continuous data were expressed as mean ± standard deviation.
Unpaired Student’s t-test and Mann-Whitney U-test were used to analyze normally and non-normally
distributed continuous data, respectively. To minimize the confounding effects of non-randomized
assignment in the assessment of OSTA grouping on outcome, which included in-hospital LOS, ICU
admission, and medical expenses, propensity scores were calculated using Number Crunching
Statistical Software (NCSS) software (NCSS 10; NCSS Statistical Software, Kaysville, UT, USA).
These were calculated with the following covariates: mechanism; GCS, injuries based on AIS, and ISS.
Age, sex, and co-morbidities as inherent characteristics of the OSTA were not adjusted as a covariate
in the calculation of propensity score. A separate 1:1 matched set of comparable study populations
for the high-risk vs. low-risk and the medium-risk vs. low-risk patients was created by the greedy
method after adjustment of these confounding factors. Binary logistic regression was performed to
assess the effect of OSTA-related grouping on patient outcomes. p-values < 0.05 were considered
statistically significant.
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Figure 1. Flow chart of the patients selected for study.

2.2. Ethical Statement

This study was approved by the Institutional Review Board (IRB) of the Chang Gung Memorial
Hospital (approval number 201600518B0). According to IRB regulations, informed consent was waived.

3. Results

3.1. Injury Characteristics and Severity of the Patients with Femoral Fracture

As shown in Table 1, the mean age of high-risk patients and medium-risk patients was higher
than that of low-risk patients. Significantly greater female predominance was noted both in high-risk
patients and medium-risk patients than in low-risk patients. Both high-risk and medium-risk patients
had higher odds of HTN, CAD, and CHF than low-risk patients did. In addition, medium-risk patients,
but not high-risk patients, had higher odds of DM and CVA than low-risk patients did. More high-risk
patients (90.0%) and medium-risk patients (74.8%) were injured in a fall accident than low-risk patients
(53.9%); in contrast, more low-risk patients sustained injuries in a motor vehicle or motorcycle accident,
as a pedestrian, and from being struck by/against objects. Significantly fewer high-risk patients,
but not medium-risk patients, were injured in bicycle accidents than low-risk patients. A significantly
lower incidence of positive BAC was found in the high-risk and medium-risk patients than low-risk
patients. GCS scores were not significantly different both in high-risk patients and medium-risk
patients compared to low-risk patients. Analysis of AIS, under the criteria of AIS ≥ 3, revealed that
high-risk patients and medium-risk patients had sustained significantly lower rates of head and neck,
face, thoracic, and abdominal injuries than low-risk patients had. For these patients with femoral bone
fracture, the associated injuries with AIS ≥ 3 in body regions other than the extremities accounted
for generally less than 10%; however, 11.3% of head and neck injuries were associated with being in
a low-risk patient group. In addition, a significantly lower ISS was found in high-risk patients and
medium-risk patients than in low-risk patients, notwithstanding the difference of ISS between these
groups was less than one point. However, when stratified by ISS (<16, 16–24 or ≥25), fewer high-risk
patients and medium-risk patients had an ISS of 16–24 or an ISS ≥ 25 than low-risk patients did.
In contrast, more high-risk patients and medium-risk patients had an ISS of <16 than low-risk patients.
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3.2. Outcome of the Patients with Femoral Fracture

The high-risk and medium-risk patients did not show significantly different in-hospital mortality
compared to low-risk patients (Table 1). However, compared to low-risk patients, high-risk patients
had significantly shorter hospital LOS (9.9 days vs. 11.1 days, respectively; p = 0.010), and medium-risk
patients had significantly shorter hospital LOS (9.9 days vs. 11.1 days, respectively; p = 0.028), a lower
proportion of patients admitted to the ICU (6.6% vs. 10.0%, respectively; p = 0.028), and a shorter
ICU LOS (5.4 days vs. 8.6 days, respectively; p = 0.016). In addition, compared to low-risk patients,
high-risk patients had significantly less total expenditure (U.S. $3,459 ± 2813 vs. U.S. $4,451 ± 5014,
or 28.9% lower, p < 0.001) and a lower surgery charge (U.S. $539 ± 209 vs. U.S. $785 ± 655,
p < 0.001), while medium-risk patients had significantly less total expenditure (US $3,654 ± 3195 vs. U.S.
$4,451 ± 5014, or 22.8% lower, p < 0.001), surgery charges (U.S. $585 ± 343 vs. U.S. $785 ± 655, p < 0.001),
and pharmaceutical charges (U.S. $155 ± 290 vs. U.S. $232 ± 721, p < 0.001).

The fracture sites located in the trochanteric and neck region of femur bone comprised the majority
of the fracture sites (Figure 2). The high-risk patients and medium-risk patients had greater odds
of trochanteric fracture (2.1 and 1.5, respectively), as well as greater odds of femoral neck fracture
(1.7 and 1.7, respectively), than low-risk patients (Table 2). In contrast, fewer high-risk patients and
medium-risk patients had a femoral head, shaft, and distal femoral fracture than low-risk patients
did. The in-hospital mortality was low for the patients with femoral fracture (Table 1), regardless of
whether patients were at a high risk (n = 9, 1.1%), medium risk (n = 8, 1.3%), or low risk (n = 9, 1.4%);
no significant difference was found among these groups of patients.
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Table 1. Demographics and injury characteristics of high-risk (OSTA < −4), medium-risk (−1 ≥ OSTA ≥ −4), and low-risk (OSTA > −1) patients with femoral fracture.

Variables High-Risk OSTA < −4
n = 814 (I)

Medium-Risk −1 ≥ OSTA ≥ −4
n = 634 (II)

Low-Risk OSTA > −1
n = 638 (III) OR (95% CI) I vs. III p OR (95% CI) II vs. III p

Age 82.3 ± 6.2 74.0 ± 7.6 59.4 ± 10.8 - <0.001 - <0.001

Gender <0.001 <0.001
Male 207 (25.4) 215 (33.9) 370 (58.0) 0.2 (0.20–0.31) 0.4 (0.30–0.47)

Female 607 (74.6) 419 (66.1) 268 (42.0) 4.0 (3.24–5.06) 2.7 (2.14–3.38)

Co-morbidity
DM 192 (23.6) 243 (38.3) 179 (28.1) 0.8 (0.63–1.00) 0.053 1.6 (1.26–2.02) <0.001
HTN 489 (60.1) 384 (60.6) 265 (41.5) 2.1 (1.72–2.62) <0.001 2.2 (1.73–2.71) <0.001
CAD 81 (10.0) 65 (10.3) 40 (6.3) 1.7 (1.11–2.45) 0.012 1.7 (1.13–2.57) 0.010
CHF 24 (2.9) 17 (2.7) 6 (0.9) 3.2 (1.30–7.88) 0.008 2.9 (1.14–7.41) 0.020
CVA 100 (12.3) 88 (13.9) 62 (9.7) 1.3 (0.93–1.82) 0.123 1.5 (1.06–2.12) 0.021

Mechanism, n (%)
Motor vehicle 1 (0.1) 3 (0.5) 19 (3.0) 0.0 (0.01–0.30) <0.001 0.2 (0.05–0.53) 0.001

Motorcycle 39 (4.8) 99 (15.6) 218 (34.2) 0.1 (0.07–0.14) <0.001 0.4 (0.27–0.47) <0.001
Bicycle 23 (2.8) 43 (6.8) 33 (5.2) 0.5 (0.31–0.92) 0.021 1.3 (0.84–2.13) 0.226

Pedestrian 11 (1.4) 8 (1.3) 5 (0.8) 1.7 (0.60–5.02) 0.304 1.6 (0.53–4.97) 0.397
Fall 733 (90.0) 474 (74.8) 344 (53.9) 7.7 (5.86–10.21) <0.001 2.5 (2.00–3.21) <0.001

Struck by/against 7 (0.9) 7 (1.1) 18 (2.8) 0.3 (0.12–0.72) 0.004 0.4 (0.16–0.93) 0.027

BAC > 50 mg/dL, n (%) 1 (0.1) 3 (0.5) 34 (5.3) 0.0 (0.00–0.16) <0.001 0.1 (0.03–0.28) <0.001

GCS 14.7 ± 1.1 14.8 ± 1.0 14.7 ± 1.6 — 0.339 — 0.057

AIS ≥ 3, n (%)
Head/Neck 42 (5.2) 29 (4.6) 72 (11.3) 0.4 (0.29–0.64) <0.001 0.4 (0.24–0.59) <0.001

Face 9 (1.1) 9 (1.4) 39 (6.1) 0.2 (0.08–0.36) <0.001 0.2 (0.11–0.46) <0.001
Thorax 19 (2.3) 16 (2.5) 50 (7.8) 0.3 (0.16–0.48) <0.001 0.3 (0.17–0.54) <0.001

Abdomen 14 (1.7) 7 (1.1) 23 (3.6) 0.5 (0.24–0.92) 0.024 0.3 (0.13–0.70) 0.003
Extremity 810 (99.5) 633 (99.8) 637 (99.8) 0.3 (0.04–2.85) 0.392 1.0 (0.06–15.92) 1.000

ISS, median (IQR) 9 (9–9) 9 (9–9) 9 (9–9) - <0.001 - <0.001
<16 797 (97.9) 622 (98.1) 583 (91.4) 4.4 (2.54–7.70) <0.001 4.9 (2.59–9.22) <0.001

16–24 9 (1.1) 4 (0.6) 28 (4.4) 0.2 (0.11–0.52) <0.001 0.1 (0.05–0.40) <0.001
≥25 8 (1.0) 8 (1.3) 27 (4.2) 0.2 (0.10–0.50) <0.001 0.3 (0.13–0.64) 0.001

Mortality, n (%) 9 (1.1) 5 (0.8) 9 (1.4) 0.8 (0.31–1.98) 0.602 0.6 (0.19–1.67) 0.288

LOS in hospital (days) 9.9 ± 7.0 9.9 ± 7.4 11.1 ± 9.6 - 0.010 - 0.016

ICU admission, n (%) 72 (8.8) 42 (6.6) 64 (10.0) 0.9 (0.61–1.24) 0.441 0.6 (0.42–0.96) 0.028

LOS in ICU (days) 7.2 ± 10.4 5.4 ± 5.1 8.6 ± 8.4 — 0.398 — 0.016
Medical expenses 3495 ± 2813 3654 ± 3195 4451 ± 5014 — <0.001 — 0.001

Charge of operation 539 ± 209 585 ± 343 758 ± 655 — <0.001 — <0.001
Charge of examination 228 ± 347 195 ± 297 217 ± 371 — 0.552 — 0.239

Charge of pharmaceutical 173 ± 380 155 ± 290 232 ± 721 — 0.063 — 0.013

AIS = abbreviated injury scale; BAC = blood alcohol concentration; CAD = coronary artery disease; CI = confidence interval; CVA = cerebral vascular accident; DM = diabetes mellitus;
GCS = Glasgow Coma Scale; HTN = hypertension; ICU = intensive care unit; IQR = interquartile range; ISS = injury severity score; LOS = length of stay; OR = odds ratio.
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Table 2. Femoral fracture sites in high-risk (OSTA < −4), medium-risk (−1 ≥ OSTA ≥−4), and low-risk
(OSTA > −1) patients.

Femur Fracture Sites
High-Risk
OSTA < −4
n = 827 (I)

Medium-Risk
−1 ≥ OSTA ≥ −4

n = 649 (II)

Low-Risk
OSTA > −1
n = 671 (III)

OR (95% CI)
I vs. III p OR (95% CI)

II vs. III p

Proximal-Type A (trochanter) 384 (46.4) 248 (38.2) 197 (29.4) 2.1 (1.68–2.59) <0.001 1.5 (1.18–1.87) 0.001
Proximal-Type B (neck) 373 (45.1) 288 (44.4) 218 (32.5) 1.7 (1.38–2.11) <0.001 1.7 (1.33–2.07) <0.001
Proximal-Type C (head) 2 (0.2) 1 (0.2) 12 (1.8) 0.1 (0.03–0.60) 0.002 0.1 (0.01–0.65) 0.003

Shaft 29 (3.5) 59 (9.1) 127 (18.9) 0.2 (0.10–0.24) <0.001 0.4 (0.31–0.60) <0.001
Distal 39 (4.7) 53 (8.2) 117 (17.4) 0.2 (0.16–0.34) <0.001 0.4 (0.30–0.59) <0.001

CI = confidence interval; OR = odds ratio; n = fracture sites.

3.3. Outcome of Propensity-Score Matched Patients with Femoral Fracture

To minimize the confounding effects of the mechanism of injury, GCS, injuries based on AIS,
and ISS related to OSTA effect on outcome, a separate set of propensity score-matched comparable
study populations for high- and medium-risk vs. low-risk patients, respectively, was created for
comparison. After propensity score matching, outcome was compared in the 408 well-balanced pairs of
high-risk and low-risk patients (Table 3), 477 well-balanced pairs of medium-risk and low-risk patients
(Table 4), and 545 well-balanced pairs of high-risk and medium-risk patients (Table 5). In these pairs of
propensity score-matched patients, there was no significant difference in mechanism, GCS, injuries
based on AIS, and ISS. The high-risk and medium-risk patients did not differ significantly in terms of
the hospital LOS or medical expenses, implying that the aforementioned difference in hospital LOS and
medical expenses observed between high-risk and low-risk patients as well as between medium-risk
and low risk patients may be attributed to the associated injury severity of the patients with femoral
fracture. Furthermore, the logistic regression analysis revealed there was no significant difference in the
incidence of ICU admission. However, in the propensity score–matched patient population, high- and
medium-risk patients still had a lower charge of surgery than low-risk patients did. The comparison
of propensity-score matched high-risk vs. medium-risk patients revealed there was no significant
difference of hospital LOS, incidence of ICU admission, and medical expenses, which including charge
of surgery, charge of examination, and charge of pharmaceutical. Regarding femur-related surgeries,
of 408 matched high-risk and low-risk patients, 248 surgeries had been performed in 246 high-risk
patients (average 1.01 surgeries/patient) and 253 surgeries had been performed in 249 low-risk patients
(average 1.02 surgeries/patient); of 477 matched medium- and low-risk patients, 298 surgeries had
been performed in 297 high-risk patients (average 1.00 surgery/patient) and 291 surgeries had been
performed in 287 low-risk patients (average 1.01 surgery/patient). No significant difference was found
in the number of times the surgery was performed between high-risk or medium-risk patients with
low-risk patients.
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Table 3. Covariates of high-risk (OSTA < −4) and low-risk (OSTA > −1) patients before and after propensity score matching (1:1 matching via Greedy method).

Variables

Before Matching After Matching

High-Risk
OSTA < −4

n = 814

Low-Risk
OSTA > −1

n = 638
OR (95% CI) p

High-Risk
OSTA < −4

n = 408

Low-Risk
OSTA > −1

n = 408
OR (95% CI) p

Mechanism, n (%)

Motor vehicle 1 (0.1) 19 (3.0) 0.0 (0.01–0.30) <0.001 1 (0.2) 1 (0.2) 1.0
(0.06–16.04) 1.000

Motorcycle 39 (4.8) 218 (34.2) 0.1 (0.07–0.14) <0.001 38 (9.3) 38 (9.3) 1.0 (0.62–1.60) 1.000
Bicycle 23 (2.8) 33 (5.2) 0.5 (0.31–0.92) 0.021 22 (5.4) 22(5.4) 1.0 (0.55–1.84) 1.000

Pedestrian 11 (1.4) 5 (0.8) 1.7 (0.60–5.02) 0.304 4 (1.0) 4 (1.0) 1.0 (0.25–4.03) 1.000
Fall 733 (90.0) 344 (53.9) 7.7 (5.86–10.21) <0.001 338 (82.8) 338 (82.8) 1.0 (0.70–1.44) 1.000

Struck by/against 7 (0.9) 18 (2.8) 0.3 (0.12–0.72) 0.004 5 (1.2) 5 (1.2) 1.0 (0.29–3.48) 1.000
GCS 14.7 ± 1.1 14.7 ± 1.6 — 0.339 14.9 ± 0.8 14.9 ± 0.7 — 0.781

AIS ≥ 3, n (%)
Head/Neck 42 (5.2) 72 (11.3) 0.4 (0.29–0.64) <0.001 18 (4.4) 18 (4.4) 1.0 (0.51–1.95) 1.000

Face 9 (1.1) 39 (6.1) 0.2 (0.08–0.36) <0.001 7 (1.7) 7 (1.7) 1.0 (0.35–2.88) 1.000
Thorax 19 (2.3) 50 (7.8) 0.3 (0.16–0.48) <0.001 11 (2.7) 11 (2.7) 1.0 (0.43–2.33) 1.000

Abdomen 14 (1.7) 23 (3.6) 0.5 (0.24–0.92) 0.024 5 (1.2) 5 (1.2) 1.0 (0.29–3.48) 1.000
Extremity 810 (99.5) 637 (99.8) 0.3 (0.04–2.85) 0.392 408 (100.0) 408 (100.0) — —

ISS, median (IQR) 9 (9–9) 9 (9–9) — <0.001 9 (9–9) 9 (9–9) — 0.774

LOS in hospital (days) 9.9 ± 7.0 11.1 ± 9.6 — 0.010 9.7 ± 6.7 9.6 ± 7.7 — 0.832
ICU admission, n (%) 72 (8.8) 64 (10.0) 0.9 (0.61–1.24) 0.441 31 (7.6) 19 (4.7) 1.7 (0.94–3.03) 0.080

Medical expenses 3495 ± 2813 4451 ± 5014 — <0.001 3517 ± 2793 3733 ± 3539 — 0.332
Charge of operation 539 ± 209 758 ± 655 — <0.001 551 ± 200 657 ± 489 — <0.001

Charge of examination 228 ± 347 217 ± 371 — 0.552 220 ± 352 202 ± 373 — 0.485
Charge of pharmaceutical 173 ± 380 232 ± 721 — 0.063 181 ± 425 171 ± 475 — 0.754

AIS = abbreviated injury scale; CI = confidence interval; GCS = Glasgow Coma Scale; ICU = intensive care unit; IQR = interquartile range; ISS = injury severity score; LOS = length of
stay; OR = odds ratio.
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Table 4. Covariates of medium-risk (−1 ≥ OSTA ≥ −4) and low-risk (OSTA > −1) patients before and after propensity score matching (1:1 matching via
Greedy method).

Variables

Before Matching After Matching

Medium-Risk
−1 ≥ OSTA ≥ −4

n = 634

Low-Risk
OSTA > −1

n = 638
OR (95% CI) p

Medium-Risk
−1 ≥ OSTA ≥ −4

n = 477

Low-Risk
OSTA > −1

n = 477
OR (95% CI) p

Mechanism, n (%)
Motor vehicle 3 (0.5) 19 (3.0) 0.2 (0.05–0.53) 0.001 3 (0.6) 3 (0.6) 1.0 (0.20–4.98) 1.000

Motorcycle 99 (15.6) 218 (34.2) 0.4 (0.27–0.47) <0.001 99 (20.8) 99 (20.8) 1.0 (0.73–1.37) 1.000
Bicycle 43 (6.8) 33 (5.2) 1.3 (0.84–2.13) 0.226 33 (6.9) 33 (6.9) 1.0 (0.61–1.65) 1.000

Pedestrian 8 (1.3) 5 (0.8) 1.6 (0.53–4.97) 0.397 2 (0.4) 2 (0.4) 1.0 (0.14–7.13) 1.000
Fall 474 (74.8) 344 (53.9) 2.5 (2.00–3.21) <0.001 333 (69.8) 333 (69.8) 1.0 (0.76–1.32) 1.000

Struck by/against 7 (1.1) 18 (2.8) 0.4 (0.16–0.93) 0.027 7 (1.5) 7 (1.5) 1.0 (0.35–2.87) 1.000
GCS 14.8 ± 1.0 14.7 ± 1.6 — 0.057 14.9 ± 0.8 14.9 ± 0.9 — 1.000

AIS ≥ 3, n (%)
Head/Neck 29 (4.6) 72 (11.3) 0.4 (0.24–0.59) <0.001 22 (4.6) 22 (4.6) 1.0 (0.55–1.83) 1.000

Face 9 (1.4) 39 (6.1) 0.2 (0.11–0.46) <0.001 8 (1.7) 8 (1.7) 1.0 (0.37–2.69) 1.000
Thorax 16 (2.5) 50 (7.8) 0.3 (0.17–0.54) <0.001 14 (2.9) 14 (2.9) 1.0 (0.47–2.12) 1.000

Abdomen 7 (1.1) 23 (3.6) 0.3 (0.13–0.70) 0.003 5 (1.0) 5 (1.0) 1.0 (0.29–3.48) 1.000
Extremity 633 (99.8) 637 (99.8) 1.0 (0.06–15.92) 1.000 477 (100.0) 477 (100.0) — —

ISS, median (IQR) 9 (9–9) 9 (9–9) — <0.001 9 (9–9) 9 (9–9) — 0.947

LOS in hospital (days) 9.9 ± 7.4 11.1 ± 9.6 — 0.016 10.1 ± 7.6 9.7 ± 8.2 — 0.406
ICU admission, n (%) 42 (6.6) 64 (10.0) 0.6 (0.42–0.96) 0.028 33 (6.9) 27 (5.7) 1.2 (0.73–2.10) 0.424

Medical expenses 3654 ± 3195 4451 ± 5014 0.001 3729 ± 3367 3869 ± 4402 — 0.581
Charge of operation 585 ± 343 758 ± 655 — <0.001 595 ± 366 671 ± 510 — 0.008

Charge of examination 195 ± 297 217 ± 371 — 0.239 202 ± 313 194 ± 361 — 0.703
Charge of pharmaceutical 155 ± 290 232 ± 721 — 0.013 159 ± 305 165 ± 454 — 0.793

AIS = abbreviated injury scale; CI = confidence interval; GCS = Glasgow Coma Scale; ICU = intensive care unit; IQR = interquartile range; ISS = injury severity score; LOS = length of
stay; OR = odds ratio.
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Table 5. Covariates of high-risk (OSTA < −4) and medium-risk (−1 ≥ OSTA ≥ −4) patients before and after propensity score matching (1:1 matching via
Greedy method).

Variables

Before Matching After Matching

High-Risk
OSTA < −4

n = 814

Medium-Risk
−1 ≥ OSTA ≥ −4

n = 634
OR (95% CI) p

High-Risk
OSTA < −4

n = 545

Medium-Risk
−1 ≥ OSTA ≥ −4

n = 545
OR (95% CI) p

Mechanism, n (%)
Motor vehicle 1 (0.1) 3 (0.5) 0.3 (0.03–2.49) 0.325 1 (0.2) 1 (0.2) 1.0 (0.06–16.03) 1.000

Motorcycle 39 (4.8) 99 (15.6) 0.3 (0.19–0.40) <0.001 37 (6.8) 37 (6.8) 1.0 (0.62–1.60) 1.000
Bicycle 23 (2.8) 43 (6.8) 0.4 (0.24–0.67) <0.001 22 (4.0) 22 (4.0) 1.0 (0.55–1.83) 1.000

Pedestrian 11 (1.4) 8 (1.3) 1.1 (0.43–2.68) 0.882 7 (1.3) 7 (1.3) 1.0 (0.35–2.87) 1.000
Fall 733 (90.0) 474 (74.8) 3.1 (2.28–4.09) <0.001 474 (87.0) 474 (87.0) 1.0 (0.70–1.42) 1.000

Struck by/against 7 (0.9) 7 (1.1) 0.8 (0.27–2.23) 0.638 4 (0.7) 4 (0.7) 1.0 (0.25–4.02) 1.000
GCS 14.7 ± 1.1 14.8 ± 1.0 — 0.190 14.8 ± 0.8 14.8 ± 0.8 — 0.819

AIS ≥ 3, n (%)
Head/Neck 42 (5.2) 29(4.6) 1.1 (0.70–1.84) 0.609 18 (3.3) 18 (3.3) 1.0 (0.52–1.94) 1.000

Face 9 (1.1) 9 (1.4) 0.8 (0.31–1.97) 0.593 4 (0.7) 4 (0.7) 1.0 (0.25–4.02) 1.000
Thorax 19 (2.3) 16 (2.5) 0.9 (0.47–1.81) 0.816 9 (1.7) 9 (1.7) 1.0 (0.39–2.54) 1.000

Abdomen 14 (1.7) 7 (1.1) 1.6 (0.63–3.91) 0.331 4 (0.7) 4 (0.7) 1.0 (0.25–4.02) 1.000
Extremity 810 (99.5) 633 (99.8) 0.3 (0.04–2.87) 0.393 544 (99.8) 544 (99.8) 1.0 (0.06–16.03) 1.000

ISS, median (IQR) 9 (9–9) 9 (9–9) — 0.435 9 (9–9) 9 (9–9) — 0.722

LOS in hospital (days) 9.9 ± 7.0 9.9 ± 7.4 — 0.966 9.7 ± 6.6 9.5 ± 6.7 — 0.705
ICU admission, n (%) 72 (8.8) 42 (6.6) 1.4 (0.92–2.03) 0.120 44 (8.1) 33 (6.1) 1.4 (0.85–2.18) 0.193

Medical expenses 3495 ± 2813 3654 ± 3195 — 0.315 3472 ± 2638 3465 ± 2821 — 0.968
Charge of operation 539 ± 209 585 ± 343 — 0.003 554 ± 204 555 ± 253 — 0.959

Charge of examination 228 ± 347 195 ± 297 — 0.053 212 ± 333 193 ± 303 — 0.305
Charge of pharmaceutical 173 ± 380 155 ± 290 — 0.326 163 ± 333 146 ± 272 — 0.345
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4. Discussion

This study compared the clinical outcome of patients hospitalized for femoral fracture according
to the OSTA classification of associated risk of osteoporosis. In this study, high- and medium-risk
patients were predominantly female and presented with significantly older age, higher incidences of
co-morbidity, and were injured in a fall accident more frequently than low-risk patients. Compared
to low-risk patients, high- and medium-risk patients had a different pattern of femoral fracture and
a significantly lower ISS. Although high- and medium-risk patients had significantly shorter hospital
LOS and less total expenditure than low-risk patients did, similar results were not found in the selected
propensity-score-matched patients, implying that the difference may be attributed to the associated
injury severity of the patients with femoral fracture. However, the charge of surgery is significantly
lower in high-and medium-risk patients than in low-risk patients, regardless whether it is among the
total population or the selected propensity score-matched patients.

In older age, proximal femoral fractures are mainly caused by a fall on the greater trochanter, not
necessarily with high energy [3]. Some clinicians consider it sufficient to diagnose an osteoporotic
fracture in adults aged above 50 who are in a condition from which an impact would not ordinarily
cause a fracture (such as a fall from standing height) [15], regardless of the patient’s BMD [37]. In this
study, as the high- and medium-risk patients were older than the low-risk patients and had greater
odds of being injured in a fall accident than low-risk patients (7.7 and 2.5 times, respectively), it is not
surprising to find that the high- and medium-risk patients had a different pattern of femoral fracture
compared to the low-risk patients. The shape and structure of the femur is a vital structure in the
determination of a person’s risk of fracture at the site around the hip [38]. In a fall accident, the force
impacts directly onto the posterolateral aspect of the greater trochanter, making the femoral neck
particularly vulnerable to fractures [39]. In a study of osteoporotic patients, a longer hip axis length
(i.e., the distance from greater trochanter to inner pelvic brim) was found to create a greater bending
moment in the femoral neck in a fall and was associated with an increased risk of trochanteric fractures
(OR = 1.6; 95% CI: 1.0–2.4) and femoral neck (OR = 1.9; 95% CI: 1.3–3.0), when the greater trochanter
made contact with the floor [40].

In this study, the average total inpatient charges of all patients was around U.S. $3,500–4500.
The direct per-patient charges of hip fractures were estimated to be U.S. $7,000 and U.S. $12,890,
respectively, for hospital care in different studies reported in 1997 [11] and 2002 [41]. In 2009,
the direct in-hospital medical charges associated with hip fractures were U.S. $23,280 for patients
50–64 years of age and U.S. $11,925 for patients ≥65 years of age [42]. However, the comparison
between this present study and other studies seemed to be unsuitable because of differences in
the population composition, health care system, and insurance policy. It would be more suitable
to demonstrate that the high-risk patients and medium-risk patients had a 28.9% and 22.8% lower
charge in total expenditure than low-risk patients. As reported in the literature, osteoporotic fractures
and the associated charges are expected to increase markedly as populations age [11]. In addition,
3–5 times greater morbidity related to osteoporotic hip fractures has been reported for both sexes
at age ≥50 years [5]. All of the aforementioned conditions may imply a higher total expenditure of
the high-risk and medium-risk patients who are usually older than the low-risk patients. However,
in this study, a less total expenditure found in the high-risk and medium-risk patients than low-risk
patients, seemingly in contrast to the expected findings. Notably, a significantly lower ISS was found
in high-risk patients and medium-risk patients than in low-risk patients in this study, and there was
no difference in total expenditure between the selected propensity score matched patients, indicating
that an associated lower ISS may be one reason for the total expenditure being lower in the high-risk
and medium-risk patients. The lower ISS may also result in a shorter hospital LOS, which is expected
to be associated with less total expenditure.

Achieving stable fixation in osteoporotic fracture is difficult and tends to be complicated with
insufficient pull-out strength of implants and the reduction of the bone regenerative capacity [43,44].
Therefore, failure of fixation is a common problem in the treatment of osteoporotic femoral
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fractures [45], especially in the treatment of those that are unstable and trochanteric [46]. In older
osteoporotic patients, the fracture healing response was significantly slower [47]. In this study,
we found no significant difference in the times of surgeries among the high-risk, medium-risk,
or low-risk patients; however, the charge of surgery was significantly lower in high-risk and
medium-risk patients than in low-risk patients, regardless whether it was among the total population
or the selected propensity score-matched patients. From our observations, the lower charge of surgery
in high-risk and medium-risk patients than that in low-risk patients may be attributed to the extent at
which the orthopedists tend to manage the older high-risk patients with a less aggressive surgery such
as traction or nailing but not plating or total hip replacement. However, in this retrospective study,
the type of indication was not known, and this prevented further analysis. In addition, the price of
those expensive plates could not be identified and may cause a bias in the interpretation of this study.

Our study has some other limitations that should be acknowledged. First, there is an inherent
selection bias because of the retrospective design. Second, the descriptive study lacked important
information regarding the indication of admission into the hospital and the ICU. The unrecognized
indication of surgery type performed on the patients hindered subsequent evaluation of the effects
of any particular treatment intervention. We could only assume that there was uniform assessment
and management of patients by the surgeons even under the implement of health policy such as
diagnosis-related group (DRG) since 2010 in Taiwan. Third, because the total charge for hip fracture
is estimated to be three times that of hospital care [11], the study’s assessment of the in-hospital
charges may not reflect the total charge and burden of care for treating high- or medium-risk patients.
Furthermore, the charge of the metal plates and screws used at the patient’s own expense were not
included in the charge of surgery, and this may result in some bias; however, because such metal plates
and screws are expensive and more commonly used in low-risk patients with less severe osteoporotic
fracture, the inclusion of such instruments may increase the discrepancy between the charge incurred
by low-risk patients and that incurred by high- or medium-risk patients.

5. Conclusions

This study of hospitalized trauma patients with femoral fracture according to the OSTA
osteoporosis risk classification revealed that high- and medium-risk patients were significantly injured
in fall accidents more than low-risk patients were, and had a significantly lower ISS, shorter hospital
LOS, and less total expenditure. However, shorter hospital LOS and less total expenditure were not
found on comparing well-paired, propensity score-matched patients according to covariates such as
mechanism, GCS, injuries based on AIS, and ISS, indicating that the difference may be attributed to
the patients’ associated injury severity. In this study, we found the surgery charges to be significantly
lower in high-risk and medium-risk patients than in low-risk patients, which may be explained
by a less aggressive surgery performed by orthopedists on these older patients with a higher risk
of osteoporosis.
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� BMI �30 kg/m2, ISS �25, and 24-h Hb < 10 g/dL were independent risk factors for the occurrence of contrast-induced nephropathy.
� Contrast-induced nephropathy and diabetes mellitus were also recognized as independent predictors for mortality.
� Angioembolization was not identified as a significant CIN predictor.
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a b s t r a c t

Background: Although angioembolization increases the success rate of non-operative management in
patients with blunt splenic injuries (BSI), the issue of contrast-induced nephropathy (CIN) due to serial
administration of contrast medium remains unclear. We aimed to examine the risk factors of CIN and
their clinical effect on mortality in patients with BSI.
Method: We retrospectively studied the complete data on 377 trauma patients with BSI who survived
more than 48 h between July 2003 and June 2015. CIN was defined as the relative (�25%) or absolute
(�0.5 mg/dL) increase in serum creatinine within 48 h after contrast administration. A multivariate lo-
gistic regression analysis was conducted to identify the independent predictors of CIN and mortality.
Results: CIN was independently associated with body mass index (BMI) � 30 kg/m2 (odds ratio [OR]:
3.25, 95% confidence interval [CI]: 1.20e8.76), injury severity score (ISS) � 25 (OR: 6.08, 95% CI: 2.76
e13.53), and 24-h hemoglobin (Hb) < 10 g/dL (OR: 3.16, 95% CI: 1.46e6.81). CIN (OR: 19.04, 95% CI: 6.15
e58.94) and diabetes (OR: 3.43, 95% CI: 1.04e11.26) were also identified as independent predictors for
mortality.
Conclusion: In this study, we found that BMI � 30 kg/m2, ISS � 25, and 24-h Hb < 10 g/dL were inde-
pendent risk factors for the occurrence of CIN in patients with BSI. However, angioembolization was not
identified to be an independent risk factor for CIN. In addition, CIN and diabetes mellitus were identified
as independent risk factors for mortality in patients with BSI.

© 2016 IJS Publishing Group Ltd. Published by Elsevier Ltd. All rights reserved.

1. Background

Non-operative management (NOM) of blunt solid organ injuries
has become widely accepted in the last 2 decades, as a result of
advances in angioembolization [1e5]. NOM has become the first-
line strategy for hemodynamically stable patients with blunt
splenic injuries (BSI) because of the promising results produced by
angioembolization. However, there is a well-documented associa-
tion between the administration of intravascular iodinated contrast
and the subsequent development of post-contrast acute kidney
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injury (AKI), termed contrast-induced nephropathy (CIN) [1,6]. The
main concern relates to the possibility of serial contrast exposure
within a short period, especially for hypovolemic patients where
the second dose of contrast medium has to be administrated for
angiography immediately after contrast-enhanced computed to-
mography (CECT). CIN was reported in 2%e3% of patients who
underwent computed tomography (CT) angiography for stroke [7],
7% of patients who underwent emergency CECT [8], and 8.8% of
patients who underwent CT angiography because of suspected
pulmonary embolism [9].

However, the concern of CIN has been addressed to a lesser
extent in the trauma patient population. Most publications that
reported on patients with BSI who underwent NOM emphasized
the high success rate of this strategy [2,3,5], but few publications
focused on CIN, which is one of the complications of angiography
[1,4]. Widespread incidence of CIN, ranging 1.9%e24% among sub-
groups of the trauma population, has been reported in many
studies [1,4,10e16] andmay contribute to themulti-factorial causes
of post-traumatic AKI. Several publications have discussed the ef-
fect of factors such as the choice of study population, contrast, pre-
existing morbidity, rhabdomyolysis, blood transfusion, and injury
severity on post-traumatic AKI [6,17e21]., Liberal hydration has
proved to be an effective evidence-based preventive strategy for
CIN [22], but it may be harmful to trauma patients. Moreover, lib-
eral hydration could be a contraindication for damage control
resuscitation, which requires the restriction of crystalloid fluid
supplements [23]. Therefore, the objective of this retrospective
study was to investigate the risk factors and clinical effects asso-
ciated with CIN in patients with BSI.

2. Materials and methods

2.1. Study design and setting

We conducted a retrospective review of collected data in the
trauma database to determine the incidence, risk factors, and
outcome of CIN in patients with BSI and abdominal CECT, between
July 2003 and June 2015. The study was conducted at Kaohsiung
Chang Gung Memorial Hospital, which is a referral level I trauma
center for severe trauma cases in Southern Taiwan. The Chang Gung
Memorial Hospital institutional review board approved this study
(approval number 102-4441B) prior to their initiation. The
requirement for informed consent was waived according to the
IRB's regulations.

2.2. Study protocol and population

Trauma patients who were diagnosed with BSI and underwent
CECT imaging of the abdomen were managed according to our BSI
algorithm [3]. Briefly, patients diagnosed with BSI initially under-
went NOM. If hemodynamics were destabilized or peritonitis was
suspected, treatment was switched to laparotomy depending on
the decision of the trauma surgeons. The indications for angioem-
bolization included: a grade 4/5 splenic injury, contrast extravasa-
tion on CT, and significant hemoperitoneum. Patients with BSI who
were�16 years old, and had undergone abdomen CECTor provided
CECT images from the transfer hospital with complete renal func-
tion data available, were included. Exclusion criteria were: chronic
renal failure while being treated with dialysis, incomplete renal
function data, no initial abdominal CECT, angiography performed
>48 h after CECT, or death within 48 h. Other than fluid resusci-
tation, no prophylactic measures were routinely administered to
treat CIN during the study period.

2.3. Data collection

Data collected from patients' medical records included: de-
mographics; body mass index (BMI); co-morbidities, including
diabetes mellitus, hypertension, and liver cirrhosis; history of
habitual smoking and alcohol consumption; mechanism of injury;
injury severity score (ISS); splenic injury scale (SIS); initial vital
signs, including initial systolic blood pressure (SBP) and heart rate
(HR) obtained at the emergency department (ED); hemoglobin
(Hb) level upon arrival at ED and after 24 h; renal function data
acquired throughout the course of hospitalization, including initial
serum creatinine (SCr) upon arrival at ED; repeated measurements
of SCr level at 48 h after the procedures in the intensive care unit
(ICU), and follow-up SCr level at the time of discharge; blood
transfusion units at ED and during the hospitalization; length of
stay (LOS) in ICU and the hospital; CT presentation, including
contrast blush, large hemoperitoneum, and kidney trauma; and
incidence of CIN, and mortality.

2.4. Definitions and data interpretation

CIN was defined as a proportional rise of 25% in SCr, or an ab-
solute increase of �0.5 mg/dL in SCr from baseline, measured at
48 h after administration of contrast [24]. The ISS and SIS were
calculated according to the American Association for the Surgery of
Trauma grading of injury [25]. Estimated glomerular filtration rate
(eGFR) was calculated by using the modification of diet in renal
disease (MDRD) study equation [26]. On CT images, significant
hemoperitoneum was defined as fluid accumulation over the per-
isplenic, paracolic, and pelvic region [3]. Kidney trauma was
defined as direct accident-induced trauma to the kidney, as
detected on CECT. The doses of intravenous contrast medium for
abdominal CECT and intra-arterial angiography were 60e120 cc
and 100e150 cc, respectively, depending on the weight of the pa-
tient. The upper limits of total contrast dose were 1.5 ml/kg and
3 ml/kg in abdominal CECT and angiography, respectively. The low
osmolality and low ionic contrast Iohexol (OMNIPAQUE), which is
used in CECT and angiography, was used in our hospital.

2.5. Risk factor analysis

The risk factors of CIN and their impact on mortality were
assessed by using common insights and results from other studies,
based on co-morbidities (diabetes, hypertension, cirrhosis); old age
(�55 years old) [15]; gender; adiposity (BMI � 30) [20]; habitual
smoking or alcohol consumption; pre-existing renal insufficiency
(initial SCr >1.5 mg/dL or eGFR < 60 ml/min) [6]; shock on arrival
(SBP < 90 mmHg) [17,19,21]; anemia due to acute bleeding (initial
Hb < 11 g/dL) [27]; anemia requiring transfusion (24-h Hb < 10 g/
dL) [28]; significant hemoperitoneum on CT images [3]; severe
injury (ISS � 25, SIS 4/5) [3,17]; blood transfusion at ED or during
hospitalization; renal trauma [4,17]; and mortality.

2.6. Statistical analysis

Continuous data were expressed as mean ± standard deviation.
Categorical data were reported as percentages and absolute values.
Comparisons between groups were made by using the chi-square
test and Fisher's exact test for categorical variables, and Student's
t-test for continuous variables. Logistic regression models were
used in univariate analyses to identify predictors for the occurrence
of CIN and mortality. Parameters that were found to be significant
(p < 0.05) in the univariate analyses were chosen as covariates in
multivariate analyses. Data are presented as ORs with corre-
sponding 95% CI. A p < 0.05 was considered to be statistically
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significant. KaplaneMeier survival curves were plotted to show
hospital survival of patients with or without CIN. The log-rank test
was used to assess differences in survival curves between groups.

3. Results

3.1. Patient selection and characteristics of splenic injury

As shown in Fig. 1, 377 out of 451 BSI patients who were
screened for inclusion in the study met the inclusion criteria.
Seventy-four patients were excluded. Among these excluded pa-
tients, 28 were <16 years old, 6 had a known history of hemodi-
alysis, 11 died within 48 h, 17 had incomplete data, 6 had
angioembolization >48 h after CECT, and 6 did not complete an
initial abdominal CECT. Out of the 377 patients with BSI patients
who underwent CECT imaging, the distribution of the number of
patients with each SIS grade was as followse 37 (9.8%): SIS grade I,
99 (26.3%): SIS grade II, 126 (33.4%): SIS grade III, 68 (18.0%): SIS
grade IV, and 47 (12.5%): SIS grade V. Thirteen patients underwent
initial angioembolization but subsequently switched to splenec-
tomy due to NOM failure. Among these 13 patients, 6 patients
experienced CIN, whereas 7 patients did not.

3.2. Incidence and associated clinical characteristics of CIN

Out of the 377 patients with BSI who underwent CECT imaging,
37 (9.8%) patients developed CIN within 48 h after CECT, whereas
340 (90.2%) patients did not develop CIN (Table 1). The mean age of
patients with CIN was 39.4 ± 19.0 years. Out of the patients who
developed CIN, 67.6% were men. Patients with CIN weremore likely
to be obese (BMI � 30 kg/m2) than those who did not develop CIN
(p¼ 0.011). The patients with CIN had a significantly higher ISS, and
had a higher incidence of ISS�25 or SIS�4 than those patients who
did not develop CIN (Table 2). Patients with CIN also had a higher
number of positive findings in the imaging studies compared to
patients who did not develop CIN, such as the presence of a large
hemoperitoneum identified on CT images. Moreover, patients with
CIN showed more severe signs of physiological deterioration than
patients who did not develop CIN, including: higher incidence of
shock upon arrival, lower 24-h Hb, and higher incidence of 24-h
Hb < 10 g/dL. The initial renal function was similar in patients
regardless of CIN status, but renal function at 48 h and discharge
was worse in patients with CIN, compared to patients who did not

develop CIN. In addition, the overall trauma patient population
showed initial acute renal insufficiency. Renal function, as indicated
by eGFR level, significantly improved at 48 h and at discharge,
compared to the initial eGFR level measured at ED (100.0± 36.5 and
115.3 ± 39.8 vs. 84.9 ± 28.4, all p < 0.05). In addition, eGFR levels
significantly improved at discharge compared to the level at 48 h
(115.3 ± 39.8 vs. 100.0 ± 36.5, p < 0.05, p < 0.05). The patients with
CIN also received significantly higher amounts of packed RBC dur-
ing transfusions at ED or hospitalization, and the incidence of blood
transfusion at ED or during hospitalization was significantly higher
than the patients who did not develop CIN (Table 3). Moreover, the
incidence of angioembolization (51.4% vs. 34.7%, p ¼ 0.046) and
splenectomy (43.2% vs. 23.5%, p ¼ 0.009) were significantly higher
in patients with CIN than patients who did not develop CIN.
Furthermore, patients with CIN experienced significantly longer
LOS in ICU and hospital (Table 3), and also had a significantly higher
mortality rate than patients who did not develop CIN (Fig. 2). The
mortality of patients with CIN was 51.4% (19/37), in which two
patients had undergone hemodialysis for oliguria and died of sepsis
consequently. On the other hand, none of the other 18 survivors
with CIN who were discharged with normal renal function had
undergone renal replacement.

3.3. Independent risk predictors of CIN

Based on the potential CIN predictors from the above compari-
son, a further stepwise logistic regression statistical model was
used to confirm their significance (Table 4). We identified that the
significant CIN predictors were BMI �30 kg/m2 (OR: 3.25; 95% CI:
1.20e8.76, p ¼ 0.002), ISS � 25 (OR: 6.08; 95% CI: 2.76e13.53,
p < 0.001), and 24-h Hb < 10 g/dL (OR: 3.16; 95% CI: 1.46e6.81,
p ¼ 0.003). In contrast, SIS �4, the presence of a large hemoper-
itoneum identified on CT images, splenectomy, and angioemboli-
zation were not significant predictors of CIN.

3.4. Independent risk predictors of mortality

Various clinical predictors of mortality were tested to determine
whether the development of CINwas a predictor of mortality (Table
5). We found that the CIN alone was a significant predictor of
mortality in both univariate analysis (OR: 30.93; 95% CI:
11.35e84.29, p < 0.001) and multivariate analysis (OR: 19.04; 95%
CI: 6.15e58.94, p < 0.001). Another predictor of mortality that was

Fig. 1. Flow chart of patients with BSI who underwent CECT that describes whether CIN developed.
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identified by multivariate analysis was diabetes (OR¼ 3.43; 95% CI:
1.04e11.26, p ¼ 0.042).

4. Discussion

In this study, the incidence of angioembolization was signifi-
cantly higher in patients with BIS who developed CIN compared to
patients who did not develop CIN. However, it was found that
angioembolization was not an independent risk factor for CIN. This
finding is consistent with the results from other studies, where
contrast dose or angiography were not risk factors for post-
traumatic AKI in trauma patient populations [12,15,25,26], and
contrast was not a risk factor for CIN in ICU patient populations

[29,30]. Moreover, it was reported that intravenous administration
of contrast is not associated with an increased risk of AKI, even in
patients with compromised renal function or comorbidities that
predispose them to nephrotoxicity [31]. As shown in this study,
short-term serial administration of contrast by angioembolization
after CECT imaging is not a risk factor for CIN in patients with BSI.
The association of renal function decline and intravenous admin-
istration of contrast medium may be overemphasized [32,33].
Angiography is safe for blunt trauma patients, despite the possi-
bility of mild or transient CIN [4].

Old age and pre-existing renal insufficiency were thought to be
conventional risk factors for post-contrast AKI
[6,11e14,16,17,29,30], but in our study, these 2 factors were not

Table 1
Comparison of characteristics between patients who developed CIN and those who did not.

Characteristics Total population
n ¼ 377

CIN (�)
n ¼ 340
(90.2%)

CIN (þ)
n ¼ 37
(9.8%)

P

Age, years 36.3 ± 17.4 35.9 ± 17.3 39.4 ± 19.0 0.255
Age � 55 years, n (%) 60 (15.9%) 51 (15%) 9 (24.3%) 0.141

Male, n (%) 269 (71.4%) 244 (71.8%) 25 (67.6%) 0.592
BMI 23.89 ± 4.52 23.79 ± 4.41 24.84 ± 5.50 0.182
BMI � 30 kg/m2, n (%) 37 (9.8%) 29 (8.9%) 8 (21.6%) 0.011

Hypertension 41 (10.9%) 39 (11.5%) 2 (5.4%) 0.260
Diabetics 27 (7.2%) 22 (6.5%) 5 (13.5%) 0.115
Cirrhosis 25 (6.6%) 22 (6.5%) 3 (8.1%) 0.704
History of smoking, n (%) 142 (37.7%) 126 (37.1%) 16 (43.2%) 0.461
History of alcohol, n (%) 123 (32.6%) 104 (30.6%) 19 (51.4%) 0.110

Data are mean ± standard deviation or number (%). CIN: contrast induced nephropathy, BMI: body mass index.

Table 2
Comparison of clinical presentations between patients who developed CIN and those who did not.

Clinical presentations Total population
n ¼ 377

CIN (�)
n ¼ 340

CIN (þ)
n ¼ 37

P

Trauma severity
ISS 18.7 ± 10.6 17.7 ± 9.9 28.3 ± 11.3 <0.001
ISS � 25, n (%) 85 (22.5%) 63 (18.5%) 22 (59.5%) <0.001

SIS 2.97 ± 1.16 2.93 ± 1.11 3.32 ± 1.43 0.050
SIS � 4, n (%) 115 (30.5%) 98 (28.8%) 17 (45.9%) 0.032

CT presentation
Large hemoperitoneum, n (%) 134 (35.5%) 113 (33.2%) 21 (56.8%) 0.005
Renal trauma, n (%) 62 (16.4%) 53 (15.6%) 9 (24.3%) 0.173
Contrast blush, n (%) 118 (31.3%) 102 (30%) 16 (43.2%) 0.990

Initial vital signs
SBP (mmHg) 111.7 ± 28.2 111.8 ± 25.6 110.5 ± 46.2 0.789
Heat rates (beats/min) 102.0 ± 2.4 101.2 ± 22.6 108.1 ± 30.5 0.094
Shock on arrival, n (%) 79 (20.9%) 65 (19.1%) 14 (37.8%) 0.008

Anemia
Initial Hb (g/dL) 11.9 ± 2.4 11.9 ± 2.8 11.6 ± 2.8 0.416
Initial Hb < 11 g/dL, n (%) 116 (30.7%) 103 (30.2%) 13 (35.1%) 0.274
24-h Hb (g/dL) 10.6 ± 1.2 10.8 ± 2.0 9.0 ± 2.6 <0.001
24-h Hb < 10 g/dL, n (%) 150 (39.8%) 125 (36.8%) 25 (67.6%) <0.001

Renal function
Initial SCr, mg/dL 1.1 ± 0.34 1.00 ± 0.33 1.07 ± 0.43 0.291
Initial eGFR, ml/min/1.732 84.9 ± 28.4 85.5 ± 28.0 79.8 ± 31.8 0.245
48-h SCr 0.95 ± 0.52 0.85 ± 0.26 1.93 ± 1.05 <0.001
48-h eGFR 100.0 ± 36.5 105.9 ± 32.9 46.0 ± 20.8 <0.001
Discharge SCr 0.86 ± 0.67 0.75 ± 0.20 1.79 ± 1.84 <0.001
Discharge eGFR 115.3 ± 39.8 118.4 ± 33.7 86.8 ± 70.1 <0.001

Pre-existing renal failure
Initial SCr > 1.5, n (%) 22 (5.8%) 19 (5.6%) 3 (8.1%) 0.535
Initial GFR < 60, n (%) 69 (18.3%) 59 (17.4%) 10 (27%) 0.148

Data are mean ± standard deviation or number (%). CIN: contrast induced nephropathy, ISS: injury severity score, SIS: spleen injury scale, CT: computed tomography, SBP:
systolic blood pressure, Hb: hemoglobin, SCr: serum creatinine, eGFR: estimated glomerular filtration rate.
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identified as independent risk factors for CIN. In a study that
evaluated 822 trauma patients aged >55 years who underwent
CECT imaging, it was reported that intravenous administration of
contrast media was not associated with an increased risk of CIN
[15]. In addition, our results suggested that Cr > 1.5 mg/dL is not a
risk factor, which is supported by other studies on trauma patients
[4,13,16]. However, Traub et al. reported that Cr > 2 mg/dL was an
independent risk factor for CIN, whereas Cr > 1.5 mg/dL was not [8].
The study by Stacul et al. showed that eGFR is not considered to be a
risk threshold for contrast administration until its level falls below
45 ml/min/1.73 m2 [34]. We believe that this is because that most

patients with BSI may present with initial acute renal insufficiency
under hypovolemic conditions caused by acute-stage blood loss or
volume shift, but would rapidly recover once provided with
adequate fluid resuscitation. This can be inferred from our results,
which showed that eGFR significantly improved in patients at the
48 h and discharge time-points. This phenomenon may also be
explained by a suggested overestimated incidence of CIN, where
some authors proposed that the modest changes of SCr in critically
ill patients were normal background fluctuations due to natural
variation or responses to acute instability [32,33]. The duration of
shock, and not simply its presentation, may be more important for
renal function in trauma patients with acute bleeding.

In this study, we showed that BMI �30, ISS �25, and 24-h
Hb < 10 g/dL were independent risk factors for the occurrence of
CIN. The effect of BMI on CIN has not been well studied yet in the
trauma population. Although some studies reported that BMI �30
is a risk factor for post-traumatic renal dysfunction [19,20], others
showed that BMI was not a risk factor for CIN [29]. In addition, the
finding of ISS �25 as an independent risk factor for CIN was un-
surprising, as similar results had been reported in a study that
evaluated 571 trauma patients with AKI in ICU [17]. Moreover, our
study showed that an initial Hb < 11 g/dL is not an independent risk
factor for CIN but 24-h Hb is an independent risk factor for CIN. This
result is consistent with those from other studies that identified
anemia as a risk factor for CIN in populations other than trauma
patients [6,8]. The result is perhaps also consistent with the result
reported by Traub et al., where hematocrit <30% was a risk factor
for CIN in patients who underwent emergency CECT [8]. In this
study, we adopted the initial Hb < 11 g/dL as a cut-off point for
initiating the massive blood transfusion [27]. However, the initial
Hb level may be variable and it can be difficult to determine during
acute stage bleeding in trauma patients. Therefore, we also adopted

Table 3
Comparison of clinical managements and outcomes between patients who developed CIN and those who did not.

Baseline data Total population
n ¼ 377

CIN (�)
n ¼ 340

CIN(þ)
n ¼ 37

P

Blood transfusions
Pack RBC at ED (U) 2.0 ± 2.9 1.6 ± 2.3 4.9 ± 5.5 <0.001
Pack RBC hospitalization (U) 4.8 ± 9.4 3.1 ± 5.0 19.9 ± 20.8 <0.001
ED B/T, n (%) 181 (48%) 153 (45.1%) 28 (75.7%) <0.001
Hospital B/T, n (%) 216 (57.3%) 181 (54.3%) 35 (94.6%) <0.001

Procedures
Angioembolization, n (%) 137 (36.3%) 118 (34.7%) 19 (51.4%) 0.046
Splenectomy, n (%) 96 (25.5%) 80 (23.5%) 16 (43.2%) 0.009

Course in hospital
ICU stay (days) 5.1 ± 5.4 4.4 ± 3.8 11.1 ± 11.2 <0.001
Hospital stay (days) 15.2 ± 11.1 14.8 ± 9.4 22.67 ± 19.4 <0.001
Mortality, n (%) 24 (6.4%) 5 (1.5%) 19 (51.4%) <0.001

CIN: contrast induced nephropathy, RBC: red blood cell, ED: emergency department, B/T: blood transfusion, ICU: intensive care unit.

Fig. 2. In-hospital survival rate. Kaplan-Meier curves displaying in-hospital survival
for patients with CIN or patients who did not develop CIN.

Table 4
Univariate and multivariate analysis of clinical predictors of CIN.

Significant predictors of CIN Univariate analysis Multivariate analysis

Odds ratio 95% CI P Odds ratio 95% CI P

Body mass index (BMI) � 30 kg/m2 2.96 1.23e7.06 0.015 3.25 1.20e8.76 0.002
Injury Severity Score (ISS) � 25 6.45 3.16e13.13 <0.001 6.08 2.76e13.53 <0.001
Spleen Injury Scale (SIS) � 4 2.10 1.05e4.17 0.035 e e Not sig
Large hemoperitoneum 2.64 1.32e5.24 0.006 e e Not sig
24-h Hb < 10 g/dL 3.58 1.73e7.38 0.001 3.16 1.46e6.81 0.003
Splenectomy 2.47 1.23e4.97 0.011 e e Not sig
Angioembolization 1.98 1.00e3.92 0.049 e e Not sig
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the 24-h Hb level as the variable according the literature report
[28], that suggested the association of Hb < 10 g/dL and the treat-
ment of trauma-induced coagulopathy.

This study identified 2 independent risk factors for mortality:
CIN and DM. Many studies reported that patients with AKI had
higher mortality and morbidity rate [20,21,35,36]. Although post-
contrast AKI was not identified as an independent risk factor for
mortality, the incidence of mortality and the length of hospitali-
zation were significantly higher in patients who experienced post-
contrast AKI compared to patients who did not experience post-
contrast AKI [13,15,30]. Furthermore, it was reported that CIN
contributed to cardiovascular mortality, with the caveat that the
death of patients with CIN may be complicated by factors that are
not directly related to CIN, such as sepsis, bleeding or respiratory
failure [37]. This hypothesis of increased cardiovascular death was
validated in an animal study, which demonstrated that the mech-
anism of ischemic-reperfusion renal injury after AKI would cause
cardiac morbidity and mortality [38]. However, the association
between CIN and non-cardiovascular related mortality should be
clarified through further investigation. Although DM was not
identified as a risk factor for CIN in our study, it was reported to be a
risk factor for CIN in other studies [6,8,16,30], and was found to be
an independent risk factor for mortality. Notably, in this study,
although diabetes had a higher incidence in the patients with CIN
(13.5%, n ¼ 5) than the patients without CIN (6.5%, n ¼ 22), there
was no significant difference between these two groups of patients
and this may be attributed to the relative small number of the
patients. Further multiple center study with more registered pa-
tients may provide more solid conclusion regarding the role of DM
in the occurrence of CIN. Trauma patient populations generally
consist of relatively young patients where the incidence of DM is
relatively low. However, the trauma patients that have a diabetic
history may be older and more likely to experience cardiovascular
illness. Some studies reported that both admission hyperglycemia
and persistent hyperglycemia are independent predictive factors of
morbidity and mortality in critically-ill trauma patients [39,40].
Therefore, it seems plausible that DM would be a risk factor for
mortality in our study. Accordingly, no data was yet available to
refute the effect of CIN and DM associated with mortality; taking
precautions for CIN with avoidance of dehydration and nephrotoxic
agent as well as aggressive euglycemia control still remain a main
goal in the clinical practice.

5. Limitations

First, this was a single-center study that had a retrospective
design with inherent bias, which perhaps reduces the generaliz-
ability of the results. A multi-center prospective study with larger
sample size may provide more solid conclusions. Second, a low
event-rate in our study did not allow for high statistical power.
Third, the effect of contrast medium on actual renal function could

not be investigated due to the lack of accurate SCr and contrast
volume records, and the lack of additional information on creati-
nine clearance and urine output. Moreover, patients with BSI who
were diagnosed by exploratory laparotomy or non-contrast CT
were not included in our study in order to provide the true inci-
dence of CIN in these patients with BSI. Finally, this study did not
include an outcome of long-term follow-up of surviving patients
with CIN.

6. Conclusion

In this study, we showed that BMI�30 kg/m2, ISS�25, and 24-h
Hb < 10 g/dL were independent risk factors for the occurrence of
CIN in patients with BSI. In addition, CIN and DMwere identified as
independent risk factors for mortality. However, angioembolization
was not an independent risk factor for CIN.
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AKI acute kidney injury
BMI body mass index
BSI blunt splenic injury
CI confidence interval

Table 5
Univariate and multivariate analysis of clinical predictors of in-hospital mortality.

Significant predictors of mortality Univariate analysis Multivariate analysis

Odds ratio 95% CI P Odds ratio 95% CI P

Diabetic Mellitus 2.94 1.06e8.10 0.015 3.43 1.04e11.26 0.042
Body mass index �30 kg/m2 2.51 0.92e6.76 0.007 e e Not sig
Injury Severity Score �25 5.74 2.42e13.59 <0.001 e e Not sig
Spleen Injury Scale �4 2.98 1.32e6.74 0.009 e e Not sig
Shock (SBP < 90 mmHg) 2.49 1.10e5.66 0.028 e e Not sig
24-h Hb < 10 g/dL 4.22 1.67e10.65 0.002 e e Not sig
Splenectomy 3.22 1.44e7.21 0.004 e e Not sig
Contrast induced nephropathy 30.93 11.35e84.29 <0.001 19.04 6.15e58.94 <0.001
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CT computed tomography
CECT contrast enhanced computed tomography
CIN contrast-induced nephropathy
DM diabetes mellitus
ED emergency department
eGFR estimated glomerular filtration rate
Hb hemoglobin
HR heart rate
ICU intensive care unit
ISS injury severity score
LOS length of stay
MDRD modification of diet in renal disease
NOM non-operative management
SCr serum creatinine
SIS splenic injury scale
SBP systolic blood pressure
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ABSTRACT
Objectives: The aim of the present study was to
assess whether angiography after contrast-enhanced
CT (CECT) as per the policy of non-operative
management would add to the risk of acute kidney
injury in patients with blunt splenic injuries (BSIs).
Design: Cross-sectional study.
Setting: Taiwan.
Participants: Patients with BSI aged >16 years,
admitted to a level I trauma centre during the period of
January 2004 to December 2014, were retrospectively
reviewed. A total of 326 patients with BSI with CECT
were included in the study, of whom 100 underwent
subsequent angiography and 226 did not.
Main outcome measures: Incidence of contrast-
induced nephropathy (CIN) and renal function as
measured by the 48-hour serum creatinine (SCr) levels.
Results: No significant difference between the patients
who underwent angiography and those who did not in
terms of the initial haemoglobin (Hb), SCr or estimated
glomerular filtration rate (eGFR) level on arrival at the
emergency department, 48 hours later, or at discharge.
No significant difference in the incidence of CIN was
found between these two groups of patients regardless
of the criteria for identifying CIN. In the group of
patients aged ≥55 years, those who underwent
angiography had a significantly worse 48-hour SCr level
than those who did not undergo the treatment. In
addition, there was no significant difference in the 48-
hour SCr level between the two groups of patients when
subgrouping the patients according to sex, large
haemoperitoneum revealed on CT, systolic blood
pressure, initial Hb, initial SCr and initial eGFR levels.
Conclusions: This study demonstrated that
angiography does not increase the incidence of CIN,
and was not a risk factor to renal function impairment in
patients with BSI who had undergone CECT.

BACKGROUND
With the advances in radiological diagnostics
and therapeutic procedures, including
contrast-enhanced CT (CECT)1 and

angiographic intervention2–4 non-operative
management (NOM) has become common
at the emergency department (ED) for early
diagnosis and management of visceral injury.
However, the issue of potential contrast-
induced nephropathy (CIN) has raised
serious concerns.3 5 CIN is commonly
defined as an increase in serum creatinine
(SCr) of 0.5 mg/dL or a 25% increase from
the baseline value assessed at 48 hours
following contrast administration.6 Some
authors suggest that the association of renal
function impairment with the contrast
medium may be overemphasised,7–11 as
reported that the intravenous contrast did
not cause an increased risk of acute kidney
injury even in patients with comorbidities
predisposing them to nephrotoxicity.12–14 In
addition, a significant subset of patients with
<50% left of functional nephrons did not
exhibit, or only have marginal, clinical
changes in SCr.15 There are still some con-
cerns, however, regarding patients with trauma
who are usually hypovolaemic and cannot
undergo detailed assessment of renal function

Strengths and limitations of this study

▪ This retrospective study had its inherent bias;
however, the patients with blunt splenic injury
were treated with adherence to protocol-based
strategy, including with non-operative manage-
ment policy so as to mitigate the retrospective
bias as much as possible.

▪ Serum creatinine as the main measurement of
outcome reflects a less accurate renal function
than creatinine clearance and may lead to a bias.

▪ A lack of detailed data on administrated fluid
volume, contrast dosage and long-term renal
function may cause some bias in the outcome
measurement.
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and often have to undergo more than one contrast-
enhanced imaging study. Currently, the reported inci-
dence of CIN is widely varied (ie, 1.9–24%) in studies
where patients with trauma are concerned.3 8–10 16–19

With the growing popularity of NOM for patients with
blunt splenic injury (BSI)2 4 serial infusions of contrast
within a short period are needed but the issue of
whether extensive contrast medium causes a detrimental
impact on renal function in this patient population is
less discussed. Therefore, the aim of this study is to
assess whether angiography after CECT under the policy
of NOM would add to the risk of renal injury in patients
with BSI.

METHODS
Study population
The data were extracted and retrospectively reviewed
from the institutional trauma registry with medical
records of all patients with BSI admitted to a level I
trauma centre (Kaohsiung Chang Gung Memorial
Hospital) from January 2004 to December 2014. Patients
with trauma who underwent CECT of the abdomen
under the diagnosis of BSI were managed according to
our management algorithm for BSI4 where patients
would initially undergo NOM. The indications for
angioembolisation included grade 4/5 splenic injury, con-
trast extravasation or significant haemoperitoneum as
seen on CT. If haemodynamics was unstable or peritonitis
was suspected, NOM was converted to a laparotomy. A
NOM failure was defined as a patient who returned to
the operation room subsequently after conservative treat-
ment. The patients receiving either NOM or laparotomy
were observed in the intensive care unit (ICU), where
laboratory data were acquired daily. All patients who
underwent initial diagnostic intravenous abdominal
CECT with or without angiography for splenic angioem-
bolisation were included in this study, while patients with
a known history of end-stage renal disease, age <16 years,
incomplete data, initial CECT performed at another facil-
ity, angioembolisation not performed within 48 hours
after CECT, and those who expired within 48 hours were
excluded. The dose of intravenous contrast medium
Iohexol (OMNIPAQUE) for abdominal CECT and
intra-arterial angiography was 60–120 cc and 100–150 cc,
respectively, depending on the weight of the patient in
accordance with the protocol of the radiological depart-
ment. The upper limit of overall contrast dose was
1.5 mL/kg for abdominal CECT and 3 mL/kg for angiog-
raphy. Other than fluid resuscitation, no prophylactic
measures against CIN were used routinely. An informed
consent was waived according to the regulation of
Institutional Review Board (IRB).

Collection of injury severity and measurement data
The Injury Severity Score (ISS) and Splenic Injury Scale
(SIS) were calculated according to the American
Association for the Surgery of Trauma grading of

injury.20 The estimated glomerular filtration rate (eGFR)
was calculated using the Modification of Diet in Renal
Disease (MDRD) study equation.21 Significant haemo-
peritoneum on CT was defined as the presentation of
fluid accumulation over the perisplenic, paracolic and
pelvic regions.4 CIN was defined at 48 hours after con-
trast administration using the Barrett and Parfery cri-
teria,6 22 Acute Kidney Injury Network (AKIN),23 or Risk
of renal dysfunction, Injury to the kidney, Failure of
kidney function, Loss of kidney function and End-stage
renal disease classification (RIFLE).24 Kidney trauma was
defined as direct trauma to the kidney noted using CT.
Data obtained included demographics, body mass

index (BMI), comorbidities including diabetes, hyper-
tension, liver cirrhosis, history of habitual smoking and
alcohol consumption, mechanism of injury, ISS, SIS,
initial vital signs including systolic blood pressure (SBP)
and heart rate on arrival at the ED, haemoglobin (Hb)
level on arrival at the ED and 24 hours later at the ICU,
renal function data acquired throughout the course of
hospitalisation including initial SCr level with eGFR at
ED on initial arrival, repeated SCr level with eGFR
48 hours later and a follow-up of the SCr level with
eGFR at discharge, blood transfusion units at ED and
during hospitalisation, length of stay in ICU and hos-
pital, CT presentation including contrast blush, signifi-
cant haemoperitoneum and kidney trauma, and
outcomes including the incidence of CIN and mortality.

Analysis of the grouped participants
The clinical presentation and outcomes were compared
between patients with and without angiography. To
evaluate the possible association between the risk factor
and CIN, all patients were further divided into sub-
groups according to different clinical conditions or
comorbidities for comparison between patients with and
without angiography. These factors include comorbid-
ities (diabetes, hypertension, cirrhosis), old age (≥55
years),3 16 17 sex, obesity (BMI≥30),25 habitual smoking
or alcohol consumption, pre-existing renal insufficiency
(initial SCr>1.5 mg/dL or initial eGFR<60 mL/
min),8 10 18 shock on arrival (SBP<90 mm Hg),8 10 14 17

anaemia with massive bleeding (initial Hb<11 g/dL),26

need for transfusion (24-hour Hb<10 g/dL),27 signifi-
cant haemoperitoneum on CT4 severe injury (ISS≥16,
SIS 4, 5).4, 10, 20, 27 The Hb level of 11 g/dL or 24-hour
Hb of 10 g/dL was adopted in this study according to
reported evidence that these have been deemed as a
cut-off point for initiating the massive blood transfusion
protocol, and guiding the need for blood transfusions to
prevent trauma-induced coagulopathy, respectively.26 27

The occurrence of CIN was used as the primary meas-
urement of outcome, whereas the change of 48-hour
SCr against those initial SCr on arrival at ED, the blood
transfusion units, the length of stay in ED or hospital,25

and the mortality were used as the secondary measure-
ment of outcome.
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Statistical analysis
Interval data were reported as mean±SD. The
Mann-Whitney U test and Wilcoxon rank-sum test were
used to analyse continuous variables that were not nor-
mally distributed to compute for differences between
the groups. Categorical data were analysed by Fisher’s
exact test and χ2 test. Two comparable populations of
patients with and without angiography were created by
the 1:1 Greedy method using NCSS software (NCSS
V.10; NCSS Statistical software, Kaysville, Utah) accord-
ing to the propensity-matched scores, which were calcu-
lated using a logistic regression model with age, gender,
ISS, SIS and 24-hour Hb as covariates for adjustment.
Comparison between these two propensity score-
matching populations regarding the 0-hour and 48-hour
SCr levels was performed. Significance was set at p<0.05.

RESULTS
Patient characteristics
A total of 405 patients with BSI were enrolled at our hos-
pital during the 11-year period of the study (figure 1).
After the exclusion of 79 patients, 326 patients were
included in the study, of whom 100 had undergone angi-
ography and 226 had not. Among the 100 patients who
had undergone angiography, 86 received initial angiog-
raphy, and 14 received an angiography after the failure
of clinical observation. Among the 226 patients who did
not have angiography, 150 received only clinical observa-
tion, 63 had initial laparotomy due to unstable haemo-
dynamics or suspicion of peritonitis, and 13 had the
conversion to laparotomy because of failure in clinical
observation (NOM failure). The mean age of the
studied population was 36.3±17.3 years, and majority
were men (n=236, 72.4%; table 1). No significant differ-
ence was seen between the patients with and without
angiography in regard to the BMI, comorbidities (hyper-
tension, liver cirrhosis and diabetes mellitus) and

personal history (smoking, alcohol consumption). The
injury severity (SIS and ISS) and the presented initial
vital signs were similar between these two groups of
patients, except that there were less patients categorised
as SIS I who had undergone angiography. CT examin-
ation revealed that there was a higher incidence of con-
trast blush and large haemoperitoneum but a lower
incidence of kidney trauma in patients who underwent
angiography than in those who did not.

Renal function and outcome during the hospitalisation
No significant difference was found between the two
study groups in terms of the initial Hb, SCr or eGFR
level on arrival at ED, 48 hours later or at discharge
(table 2). However, at 24 hours, the Hb level of those
who underwent angiography was significantly lower than
that of those who had not undergone angiography (10.1
±1.6 vs 10.8±2.3, p=0.002), which could imply that angi-
ography may be correlated to patients with an observed
or expected increase in blood loss. This phenomenon
could also be reflected with an increased number of
units of blood transfusions at the ED for those who
underwent angiography compared with that for those
who did not (2.3±2.5 vs 1.6±3.0, p<0.001). Furthermore,
an initial acute renal insufficiency was noted in the total.
In either group, the renal function, measured by SCr
and eGFR levels, gradually improved at 48 hours when
compared with the measurements taken on arrival at the
ED. Likewise, renal function also gradually improved at
discharge when compared with the measurement taken
48 hours after arrival.

Incidence of CIN and outcome
Thirty-six patients, who met at least one of the three cri-
teria and survived for at least 48 hours after abdominal
CECT, were investigated. No significant difference in the
incidence of CIN was found between these two groups
of patients regardless of the criteria for identifying CIN.

Figure 1 Flow chart of the

studied patients with BSI.

*Definition of CIN according to

Barrett and Parfrey criteria;

§definition of CIN according to

AKIN criteria; †definition of CIN

according to RIFLE criteria. AKIN,

Acute Kidney Injury Network; BSI,

blunt splenic injury; CECT,

contrast-enhanced CT; CIN,

contrast-induced nephropathy;

RIFLE, Risk of renal dysfunction,

Injury to the kidney, Failure of

kidney function, Loss of kidney

function and End-stage renal

disease classification.

Hsieh T-M, et al. BMJ Open 2016;6:e012205. doi:10.1136/bmjopen-2016-012205 3

Open Access

group.bmj.com on October 21, 2016 - Published by http://bmjopen.bmj.com/Downloaded from 

http://group.bmj.com
http://bmjopen.bmj.com/


Those patients with BSI who had undergone angiog-
raphy stayed longer in the hospital (18.2 vs 14.0 days,
p=0.002) and ICU (6.0 vs 4.7 days, p=0.002) than those
who had not undergone angiography. The overall mor-
tality of the BSI patient population was 6.1% (20/326)
and no significant difference in mortality rate was found
between these two groups of patients.

Analysis of the grouped participants
Comparisons of the initial and 48-hour SCr levels of the
grouped participants according to various conditions are
summarised in table 3. In the group of patients aged
≥55 years, those who underwent angiography had a sig-
nificantly worse 48-hour SCr level than those who had
not. In contrast, the groups of patients with an ISS≥16,
an SIS of 4/5, and a 24-hour Hb<10g/dL who under-
went angiography had a significantly better 48-hour SCr
level than those who did not. However, the differences
in the SCr level may not be large and generally <0.1. In
addition, there was no significant difference in the
48-hour SCr level between these two groups of patients
when they were classified according to sex, large
haemoperitoneum revealed on CT, SBP<90 mm Hg,
initial Hb<11 g/dL, initial SCr>1.5 mg/dL, initial
eGFR<60 mL/min or kidney trauma. In addition, 91

well-balanced pairs of patients were assessed for
outcome assessment after propensity score matching of
age, gender, ISS, SIS and 24-hour Hb (table 4). In these
propensity score-matched patients, who present no sig-
nificant difference in co-variables of age, gender, ISS,
SIS and 24-hour Hb, patients with angiography present
no significant outcomes including 0-hour SCr (1.1±0.4
vs 1.0±0.3, p=0.338) and 48-hour SCr (0.9±0.5 vs 0.9±0.5,
p=0.873) levels than those who had not received
angiography.

DISCUSSION
In this study, a 10% incidence of CIN was seen under
different criteria. However, there was no significant dif-
ference regarding the occurrence of CIN in terms of
measuring the 48-hour SCr or eGFR between patients
undergoing abdominal CECT with and without angiog-
raphy was 11–13% and 8.8–9.2%, respectively. The
results indicate that a second dose of contrast for angiog-
raphy does not increase the incidence of CIN or injure
the kidney despite prior CECT. In addition, in these pro-
pensity score-matched 91 well-balanced patients, who
present no significant difference in co-variables of age,
gender, ISS, SIS and 24-hour Hb, there was no signifi-
cant difference in 0-hour and 48-hour SCr levels

Table 1 Patient characteristics and injury severity of the study population

All patients
n=326

Angiography (−)
n=226

Angiography (+)
n=100 p Value

Age (years) 36.3±17.3 36.5±17.7 36.0±16.5 0.82

Male, n (%) 236 (72.4) 170 (75.2) 66 (66.0) 0.09

BMI, mean (kg/m2) 24.3±4.4 24.1±4.2 24.7±4.8 0.46

Comorbidities

Hypertension, n (%) 32 (9.8) 22 (9.7) 10 (10.0) 0.94

Liver cirrhosis, n (%) 30 (9.2) 21 (9.3) 9 (9.0) 0.93

Diabetes mellitus, n (%) 16 (4.9) 13 (5.8) 3 (3.0) 0.29

Personal history

Smoking, n (%) 125 (38.3) 87 (38.5) 38 (38.0) 0.93

Alcohol, n (%) 109 (33.4) 77 (34.1) 32 (32.0) 0.71

Injury severity

Splenic Injury Scale

I 36 (11.0) 31 (13.7) 5 (5.0) <0.001

II 84 (25.8) 76 (33.6) 8 (8.0)

III 109 (33.4) 56 (24.8) 53 (53.0)

IV 60 (18.4) 39 (17.3) 21 (21.0)

V 87 (11.4) 24 (10.6) 13 (13.0)

ISS 18.6±10.7 18.13±10.9 19.7±10.1 0.23

Initial vital signs

SBP (mm Hg) 108.6±25.9 110.2±26.9 104.8±23.0 0.07

HR (bpm) 105.1±27.5 105.7±27.4 103.7±27.9 0.60

CT presentation

Contrast blush, n (%) 94 (28.8) 40 (17.7) 54 (54.0) <0.001

Large haemoperitoneum, n (%) 106 (32.5) 61 (27.0) 45 (45.0) <0.001

Kidney trauma, n (%) 58 (17.8) 47 (20.8) 11 (11.0) <0.001

Data are presented as mean±SD or number (%).
Angiography (−): patients receiving enhancement CT alone.
Angiography (+): patients undergoing serial enhancement CT and angiography.
BMI, body mass index; H, heart rate; ISS, Injury Severity Score; SBP, systolic blood pressure.
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between the patients with and without angiography. The
results of this study are consistent with the report that
intravenous contrast administration is not associated
with excess risk of acute kidney injury among patients
with comorbidities reported to predispose them to
nephrotoxicity.12 The results are also supported by some
studies in trauma populations that failed to identify con-
trast dosage as a predisposing factor for
CIN.8 10 13 14 16 17 19 25 Accordingly, it appears that the
risk of intravenous contrast-induced nephrotoxicity may
not really be as great as we have come to believe.11

Although some authors have found that there was no
association between increasing age (>55 years) and risk
for CIN,3 16 this study revealed that age ≥55 years was a
risk factor for renal function impairment after second
contrast exposure. This observation is in consistent with
the study of Colling et al17 and Plurad et al;28 both
studies found a significantly increased risk of renal
impairment in patients with trauma older than 55 years.
It is not surprising to find that older populations are
prone to developing renal injury when critically ill and
undergoing invasive procedures.28 However, in contrast
to most medical literature that demonstrates anaemia

and hypotension as being risk factors for CIN, we did
not identify the association of anaemia and hypotension
with the occurrence of CIN. Since the initial low Hb and
hypotension in patients with trauma may be transient
and could be reversed after adequate resuscitation,
anaemia and hypotension as risk factors may not be
entirely applicable in the trauma population.10 14 17 In
the study by Plurad et al,28 analysis of 2574 trauma
admissions demonstrated that initial presentation of
hypotension is not an independent risk factor for post-
traumatic acute renal dysfunction. It appears that the
effects of hypotension on subsequent renal function
are variable, depending on its duration and the patient
population. Accordingly, it seems reasonable that an
initial SBP<90 mm Hg was also not identified as a risk
factor for renal dysfunction following contrast exposure
in our study.10 14 17 Likewise, since the initial Hb level
at the acute stage cannot represent the amount of actual
blood loss, an additional 24-hour Hb level of <10 g/dL
was adopted as a variable in this study. However, we did
not find an adverse impact on renal function in
patients with anaemia with initial Hb<11 g/dL or
24-hour Hb<10 g/dL. Moreover, in the groups of

Table 2 Laboratory data and hospitalisation course of the study population

All patients
n=326

Angiography (−)
n=226

Angiography (+)
n=100 p Value

Hb (g/dL)

Initial Hb 11.9±2.4 12.0±2.4 11.7±2.4 0.12

24-hour Hb 11.6±2.1 10.8±2.3 10.1±1.6 0.002

SCr (mg/dL)

Initial SCr 1.03±0.33 1.03±0.32 1.05±0.39 0.63

48-hour SCr 0.94±0.47 0.94±0.42 0.95±0.58 0.28

Discharge SCr 0.84±0.56 0.85±0.52 0.83±0.60 0.08

eGFR (mL/min/1.73 m2)

Initial eGFR 84.8±28.0 85.2±27.9 83.7±28.6 0.84

48-hour eGFR 99.9±36.2 99.0±35.2 102.1±38.9 0.28

Discharge eGFR 113.8±3.9 111.9±38.2 118.1±41.4 0.12

Blood transfusion (units)

At ED 1.8±2.9 1.6±3.0 2.3±2.5 <0.001

During hospitalisation 4.7±8.6 4.7±9.1 4.7±7.3 0.40

Outcome

CIN,* n (%) 33 (10.1) 21 (9.2) 12 (12.0) 0.46

CIN,§ n (%) 31 (9.5) 20 (8.8) 11 (11.0) 0.55

CIN,† n (%) 34 (10.4) 21 (9.2) 13 (13.0) 0.31

Course in hospital

Hospital stay (days) 15.2±11.2 14.0±10.0 18.2±13.2 0.002

ICU stay (days) 5.1±5.6 4.7±5.2 6.0±6.5 0.002

Mortality, n (%) 20 (6.1) 15 (6.6) 5 (5.0) 0.56

The p value indicates angiography (−) vs angiography (+).
Data are presented as mean±SD or number (%).
Angiography (−): patients receiving enhancement CT alone.
Angiography (+): patients undergoing serial enhancement CT and angiography.
*CIN: based on Barrett and Parfrey criteria.
§CIN: based on AKIN criteria.
†CIN: based on RIFLE criteria.
AKIN, Acute Kidney Injury Network; CIN, contrast-induced nephropathy; ED, emergency department; eGFR, estimated glomerular filtration
rate; Hb, haemoglobin; ICU, intensive care unit; RIFLE, Risk of renal dysfunction, Injury to the kidney, Failure of kidney function, Loss of
kidney function and End-stage renal disease classification; SCr, serum creatinine.
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patients with a 24-hour Hb<10g/dL, the patients
who underwent angiography had a significant improve-
ment, but with a very mild difference, in their 48-hour
SCr level.
Although an ISS of ≥16, as an indicator of major

trauma,8 17 25 has been reported to be independently
associated with post-traumatic acute renal dysfunction,28

we did not identify an adverse impact on the renal func-
tion of those patients who had an ISS of ≥16 or an SIS
of 4/5 and underwent angiography. This finding is in
accordance with some reports describing that an ele-
vated severity of injury does not predispose patients with
trauma to an increased risk to kidney injury even after
receiving contrast-enhanced imaging studies.10 13 14 In
patients who had an ISS of ≥16 or an SIS of 4/5, those

who underwent angiography even had a significantly
better 48-hour SCr level than those who did not. We
believe that this result is most likely attributed to vigor-
ous fluid resuscitation after the angiography. Therefore,
it seems that CIN is unlikely, even after increased con-
trast exposure in patients with severe trauma, provided
that adequate hydration is given.
While elevated SCr levels have been found to be asso-

ciated with an increased risk for CIN in some studies of
the trauma populations,3 9 18 other studies reported that
the initial SCr level (≥1.5 mg/dL) is not a risk factor for
CIN.8 10 17 In addition, another study reported that an
SCr level of ≥1.3 was not associated with CIN in patients
with trauma, and suggested that the benefits may out-
weigh the risks for contrast administration in patients

Table 3 Comparisons of the 0-hour and 48-hour SCr levels between different subgroups

Angiography (−)
n=226 (%)

Angiography (+)
n=100 (%)

Age ≥55 years

0-hour SCr 39 (17) 1.18±0.43 13 (13) 1.25±0.59

48-hour SCr 1.07±0.57 1.49±0.79*

Gender (male)

0-hour SCr 170 (75) 1.10±0.31 66 (66) 1.16±0.35

48-hour SCr 1.02±0.43 1.01±0.58

Gender (female)

0-hour SCr 56 (25) 0.82±0.23 34 (34) 0.82±0.36

48-hour SCr 0.70±0.20 0.83±0.56

ISS≥16
0-hour SCr 126 (56) 1.07±0.31 64 (64) 1.07±0.40

48-hour SCr 1.02±0.50 0.99±0.69*

SIS 4/5

0-hour SCr 63 (28) 1.12±0.36 34 (34) 1.09±0.48

48-hour SCr 1.05±0.42 0.97±0.60*

Large haemoperitoneum

0-hour SCr 61 (37) 1.08±0.33 45 (45) 1.11±0.44

48-hour SCr 1.01±0.41 0.96±0.52

SBP<90 mm Hg

0-hour SCr 51 (23) 1.14±0.30 28 (28) 1.15±0.49

48-hour SCr 1.06±0.51 0.98±0.63

Initial Hb<11 g/dL

0-hour SCr 70 (31) 1.04±0.38 35 (35) 1.07±0.43

48-hour SCr 0.96±0.46 1.0±0.74

24-hour Hb<10 g/dL

0-hour SCr 77 (37) 1.12±0.41 45 (45) 1.01±0.39

48-hour SCr 1.11±0.62 1.02±0.79*

Initial SCr>1.5 mg/dL

0-hour SCr 23 (10) 1.82±0.33 8 (8) 1.84±0.30

48-hour SCr 1.55±0.65 1.54±0.74

Initial eGFR<60 mL/min

0-hour SCr 38 (17) 1.50±0.38 18 (18) 1.66±0.36

48-hour SCr 1.29±0.55 1.41±0.67

Kidney trauma

0-hour SCr 47 (21) 1.14±0.27 11 (11) 1.18±0.52

48-hour SCr 1.12±0.59 1.35±1.2

Data are presented as mean±SD or number (%).
Angiography (−): patients receiving enhancement CT alone.
Angiography (+): patients undergoing serial enhancement CT and angiography.
*p<0.05 versus angiography (−) patients at 48-hour SCr.
0-hour SCr, initial serum creatinine level; 48-hour SCr, 48-hour serum creatinine level; ISS, Injury Severity Score; SIS, Splenic Injury Scale.
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with trauma with an elevated SCr level.19 In this study,
there was no significant difference in the 48-hour SCr
level between these two groups of patients when subdi-
vided by the initial SCr level >1.5 mg/dL or initial eGFR
level <60 mL/min. Interpretation of the results may be
more complex in the trauma population because of the
probable initial hypovolaemic status which is reflected in
the improvement of SCr level on arrival at ED, at
48 hours, and to the time at discharge in this study. It is
rational to suspect that the trauma may have caused the
initial elevation in SCr level and the subsequent reduc-
tion in SCr level is most likely to be the result of restor-
ation of fluid status rather than that of contrast
administration or the procedure itself. Taken together,
although controversies still exist regarding the adverse
effect of pre-existing renal insufficiency on the vulner-
ability to CIN, it appears that extensive contrast exposure
may not be contra-indicated in patients with initial eleva-
tions in the SCr level (ie, SCr>1.5 mg/dL). Accordingly,
the results of this study support the viewpoint of previ-
ous studies that mild or moderate renal insufficiency
should not preclude patients from receiving contrast-
enhanced imaging studies or therapeutic procedures,
because the benefits outweigh the risk of missing a
possible injury or delaying appropriate manage-
ment.8 10 17 19 In addition, we are also in agreement
with the study of Katzberg et al,11 which reported that
thresholds of SCr above which contrast medium were
withheld for enhancement image studies should be
increased to improve the accuracy of enhancement
imaging studies.

This study has its limitations. First is the retrospective
design with its inherent bias and relatively small
numbers of patients included in this study. In addition,
there was a majority of young population with relative
few old patients in our study. A prospective larger rando-
mised controlled trial would provide more validated
information regarding the findings in this study. Second,
instead of creatinine clearance, which is able to reflect a
more accurate renal function, SCr level was used for
comparison under the condition that 24-hour urine col-
lection was not possible in the ED. Finally, the lack of
detailed data on administrated fluid volume, contrast
dosage and long-term renal function after discharge
may cause some bias; however, we expect that these
biases were randomly existent in both groups of patients.

CONCLUSIONS
This study demonstrated that angiography did not
increase the incidence of CIN and did not have an
adverse effect on renal function in patients with BSI
who had undergone CECT. These findings support the
NOM of patients with BSI provided that close monitor-
ing is done to ensure that further contrast exposure
from angiography does not impair renal function, even
under the setting of anaemia, hypotension or severe
trauma.
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65 (71.4%) 65 (71.4%) 1.0 (0.53

to 1.90)
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to 1.90)
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II 76 (33.6%) 8 (8.0%) 8 (8.8%) 8 (8.8%)
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IV 39 (17.3%) 21 (21.0%) 21 (23.1%) 21 (23.1%)
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0-hour

SCr
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Data are presented as mean±SD or number (%).
0-hour SCr, initial serum creatinine level; 48-hour SCr, 48-hour serum creatinine level; ISS, Injury Severity Score; SIS, Splenic Injury Scale.
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ABSTRACT
Objectives: This study was designed to investigate
the effect of alcohol intoxication on clinical
presentation of hospitalised adult trauma patients at a
Level I trauma centre using propensity score
matching.
Design: Cross-sectional study.
Setting: Taiwan.
Participants: Detailed data of 929 hospitalised
adult trauma patients with alcohol intoxication, aged
20–65 years, and 10 104 corresponding patients
without alcohol intoxication were retrieved from the
Trauma Registry System between 1 January 2009 and
31 December 2014. Alcohol intoxication was defined
as a blood alcohol concentration (BAC) ≥50 mg/dL.
Main outcome measures: In-hospital mortality and
expenditure.
Results: Patients with alcohol intoxication presented
with significantly higher short-term mortality (OR: 3.0,
95% CI 2.0 to 4.4; p<0.001) than patients without
alcohol intoxication. However, on comparison with
propensity score-matched patients with respect to sex,
age, comorbidity, Glasgow Coma Scale (GCS), injury
region based on Abbreviated Injury Scale (AIS) and
Injury Severity Score (ISS), alcohol intoxication
did not significantly influence mortality (OR: 0.8, 95%
CI 0.5 to 1.4; p=0.563). This implied that the higher
mortality of alcohol-intoxicated patients was
attributable to patient characteristics such as a higher
injury severity rather than alcohol intoxication. Even on
comparison with sex-matched, age-matched and
comorbidity-matched patients without alcohol
intoxication, patients with alcohol intoxication
still had significantly higher total expenditure (17.4%
higher), cost of operation (40.3% higher), cost of
examination (52.8% higher) and cost of
pharmaceuticals (38.3% higher).
Conclusions: The associated higher mortality of adult
trauma patients with alcohol intoxication was
completely attributable to other patient characteristics
and associated injury severity rather than the effects of
alcohol. However, patients with alcohol intoxication
incurred significantly higher expenditure than patients
without alcohol intoxication, even on comparison with
sex-matched, age-matched and comorbidity-matched
patients without alcohol intoxication.

BACKGROUND
Alcohol consumption increases the likelihood
of injury during activities.1–3 Consumption
of three to four alcoholic drinks and five to
six alcoholic drinks during the 6 hours pre-
ceding an accident led to a sixfold and a
ninefold increase in the odds of injury,
respectively.4 A previous case–control study5

and a case-crossover study, which compares
injury between when patients drink before
the event and when patients drink during an
earlier control period,6 were conducted in
emergency-room settings to estimate the risk
of injury related to alcohol consumption.
These studies revealed a 2.1-fold and 4.7-fold
increase, respectively, in drinking-related
injury.7 A multilevel analysis of 28 studies
from 16 countries included 8423 patients with
alcohol-related injuries who arrived in the
emergency department (ED) within 6 hours
of injury and showed that the overall preva-
lence of alcohol-related injuries was 24% for

Strengths and limitations of this study

▪ Use of propensity score matching in this assess-
ment helped to attenuate the confounding effects
of various patient characteristics and associated
injury severity on hospital mortality and
expenditure.

▪ Defining the cut-off value for alcohol intoxication
at an arbitrary blood alcohol concentration (BAC)
level of 50 mg/dL and higher may present a bias
in the comparison between patients with and
without alcohol intoxication; the definition of
alcohol intoxication (BAC level) varies by
country, and cognitive function may be impaired
even at a lower BAC level.

▪ Bias in this analysis may result from a lack of
available data in the following areas: indication of
hospitalisation, type of surgery, patient costs
associated with a referring hospital, circum-
stances of the injuries and factors influencing
decision-making.
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patients with a blood alcohol concentration (BAC) of
≥50 mg/dL.8 An alcohol intoxication prevalence of 18–
80% has been reported at the time of admission, depend-
ing on the study design and inclusion criteria.9–12

In trauma patients, alcohol intoxication is associated
with higher impact speed,13–15 which leads to higher
injury severity10 13 16 17 and mortality.13 14 The relative
risk of involvement in a fatal vehicle crash increases with
increasing BAC of the driver in every age/gender group
among fatally injured and surviving drivers.1 Among
16–20-year-old male drivers, a BAC increase of 0.02%
was estimated to more than double the relative risk of
fatal single-vehicle crash injury.1 In addition, a previous
study has reported that the mortality rate associated with
traffic crashes doubled in patients with alcohol intoxica-
tion as compared to that of sober patients.13 In the USA,
alcohol-impaired driving crashes account for nearly
11 000 crash fatalities, or approximately one-third of all
crash fatalities.18 19 A total of 35.2% of deaths worldwide
were attributable to alcohol consumption in 2012, which
resulted in 30.8% of disability-adjusted life years
(DALYs) from injuries.20

Acute intoxication and dependence on alcohol are
both associated with frequent utilisation of healthcare
resources.21 22 National and international statistics on
alcohol-related harm tend to emphasise estimates of the
total numbers of deaths23 or total economic costs24 but
rarely report the financial expenditure of healthcare per
episode of injury. The effect of alcohol intoxication on
the expenditure of caring for injured patients has
important implications for trauma care and healthcare
policy. Increased resource use and expenditure have
been reported in a subset of minimally injured trauma
patients who were BAC positive in trauma centres nation-
wide.25 26 In medical evaluations, physicians often use
advanced techniques to rule out the presence of poten-
tially unidentified injuries in drunken patients.27

Alcohol-intoxicated patients had significantly higher
chances of undergoing evaluation by abdominal ultra-
sound and head CT during the first 24 hours of hospital
arrival.21 In alcohol-intoxicated patients with less-severe
injuries, brain CT was overused, with a higher propor-
tion of negative findings for intracranial haemorrhage.22

In an analysis of the sample of ED patient visits, repre-
senting ∼13 million ED visits nationwide, BAC-positive
patients underwent more diagnostic tests and had
longer ED stays.28

Previous studies have reported alcohol use to be asso-
ciated with higher hospital mortality and expenditure.
Since the patient’s behaviour, the severity of the injury
caused by the accident, and the response of the body to
the traumatic injury are all influenced by alcohol, it is
important to consider the differences in patient popula-
tion in this assessment. In particular, alcohol has been
reported to negatively influence the body’s response to
injury.29 For example, some studies demonstrated a
beneficial effect of alcohol on patients with traumatic
brain injury,30–32 although the exact mechanism is

unclear. In addition, a positive serum alcohol level was
associated with a significantly lower pneumonia rate in
patients with isolated, moderate-to-severe traumatic
brain injury and may explain the observed reduced mor-
tality.33 In contrast, observational studies have shown
that an elevated BAC is associated with an increased
susceptibility to pneumonia, infections34 and the devel-
opment of adult respiratory distress syndrome.35

Therefore, by using propensity score matching to attenu-
ate the confounding effects of various patient character-
istics and associated injury severity, this study was
designed to assess the effect of alcohol intoxication on
clinical presentation of hospitalised adult trauma
patients in a Level I trauma centre in Southern Taiwan.

METHODS
Ethics statement
This study was preapproved by the Institutional Review
Board (IRB) of the Chang Gung Memorial Hospital
(approval number 104-8665B). Informed consent was
waived according to IRB regulations.

Study design
This retrospective study reviewed data of all 20 106 hos-
pitalised patients registered in the Trauma Registry
System from 1 January 2009 to 31 December 2014
(figure 1). The hospital is a 2400-bed facility and Level I
regional trauma centre that provides care to trauma
patients primarily from Southern Taiwan. All adult
patients aged 20–65 years and hospitalised for treatment
of traumatic injuries were included in the study. Patients
who had incomplete registered data (n=182) or lacked
information on hospital expenditure (n=3289) were
excluded. In Taiwan, all drivers involved in traffic acci-
dents are legally compelled to undergo testing for BAC.
In trauma injuries other than traffic accidents, the phys-
ician at the ED may perform a BAC test when required
or under strong suspicion. A BAC level of 50 mg/dL,
which is the legal limit for drivers in Taiwan, was defined
as the cut-off value. Therefore, patients with a BAC level
≥50 mg/dL at the time of arrival at the hospital were
considered intoxicated and were included in the study
as BAC (+). Patients for whom an alcohol test was not
requested or who had a BAC level <50 mg/dL at the
time of arrival at the hospital were considered to be non-
intoxicated and BAC (−). Of the total 11 033 adult
patients, 929 (8.4%) patients with BAC (+) and 10 104
(91.6%) patients with BAC (−) were enrolled in this
study for further analysis. Detailed patient information
was retrieved from the Trauma Registry System of our
institution, including data on age; gender; trauma mech-
anism; initial Glasgow Coma Scale (GCS) in the ED;
Abbreviated Injury Scale (AIS) severity score for each
body region; Injury Severity Score (ISS); rates of asso-
ciated injures; number of operations; hospital length of
stay (LOS); LOS in intensive care unit (ICU); in-hospital
mortality and total expenditure per patient including
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cost of operation (operation fee and operation supply
fee), cost of examination (physical examination fee,
haematology testing fee, examination fee for radiog-
raphy, pathological examination fee, examination fee for
electrocardiography, echo, endoscopy, electromyography,
cardiac catheterisation and monitoring fee for electroen-
cephalography), cost of pharmaceuticals (medicine
service fee, medicine fee and narcotic drug fee) and
other costs (registration fee, administrative fee, ward
fees, nursing fee, blood/plasma test fees, haemodialysis
fees, anaesthesia fees, rehabilitation-treatment fee,
special material costs and personal expenses). The ISS is
expressed as the median and IQR (Q1–Q3). Pre-existing
comorbidities and chronic diseases including diabetes
mellitus (DM), hypertension (HTN), coronary artery
diseases (CAD), congestive heart failure (CHF), cerebro-
vascular accident (CVA) and end-stage renal disease
(ESRD) were also identified. Odd ratios of the asso-
ciated conditions and injuries of the patients were calcu-
lated with 95% CIs. The data collected were compared
using IBM SPSS Statistics for Windows, V.20.0 (IBM,
Armonk, New York, USA). Two-sided Fisher’s exact or
Pearson χ2 test was used to compare categorical data.
Unpaired Student’s t-test was used to analyse normally
distributed continuous data, which were reported as
mean±SD. Mann-Whitney U test was used to compare
non-normally distributed data. To minimise confound-
ing effects due to non-randomised assignment in the
assessment of the effect of alcohol intoxication on mor-
tality, propensity scores were calculated using a logistic
regression model and the following covariates: gender,
age, comorbidity, GCS, injuries based on AIS and ISS. A
1:1 matched study group was created by the Greedy
method using NCSS software (NCSS V.10; NCSS
Statistical software, Kaysville, Utah, USA). After adjusting
for these confounding factors, binary logistic regression
was used for evaluating the effect of intervention for

alcohol intoxication on mortality. In addition, to assess
the effect of alcohol intoxication on cost and number of
surgeries, two comparable populations of BAC (+) and
BAC (−) patients were selected in a 1:4 ratio by the
Greedy method using NCSS software, according to the
matched propensity scores, which were calculated using
a logistic regression model with gender, age and
comorbidity as covariates. p Values <0.05 were consid-
ered statistically significant.

RESULTS
Injury characteristics of patients with alcohol intoxication
A significant predominance in the percentage of men
was noted among patients with alcohol intoxication (821
(88.4%) men and 108 (11.6%) women of total 929
patients with alcohol intoxication). The mean ages of
the patients with alcohol intoxication and those without
alcohol intoxication were 40.4±11.5 and 43.0±13.6 years,
respectively (table 1). Among patients with alcohol
intoxication, a greater number of patients were aged 30–
39 and 40–49 years, but fewer patients were aged
between 50–59 and 60–69 years. A greater number of
patients with alcohol intoxication were younger than
those without alcohol intoxication. Significantly lower
incidence of pre-existing comorbidities and chronic dis-
eases including HTN (OR: 0.7, 95% CI 0.6 to 0.8;
p<0.001), DM (OR: 0.5, 95% CI 0.3 to 0.6; p<0.001) and
ESRD (OR: 0.2, 95% CI 0.1 to 0.7; p=0.009) were found
among patients with alcohol intoxication as compared
to those without alcohol intoxication. On comparison
with patients without alcohol intoxication, patients with
alcohol intoxication and those involved in motorcycle
accidents were most commonly admitted (48.5% vs
66.0%, respectively; p<0.001), followed by strike by/
against objects (25.0% vs 11.8%, respectively; p<0.001),
fall accidents (19.9% vs 10.0%, respectively; p<0.001)

Figure 1 Flow chart of the

studied adult trauma patients.

BAC, blood alcohol concentration.
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and motor vehicle accidents (2.7% vs 7.1%, respectively;
p<0.001). More patients with alcohol intoxication were
injured in motorcycle and motor vehicle accidents than
those without alcohol intoxication. In contrast, a smaller
number of patients with alcohol intoxication were
injured in strike by/against objects and fall accidents.

Injury severity of the patients with alcohol intoxication
GCS were significantly lower (by 1 point) in patients
with alcohol intoxication than in patients without

alcohol intoxication (12.6±3.7 vs 14.5±1.9, p<0.001).
A significantly larger number of patients with alcohol
intoxication had a GCS of ≤8 and GCS of 9–12 and
a smaller number of patients had a GCS of ≥13
compared to those without alcohol intoxication. Analysis
of AIS revealed that patients with alcohol intoxication
had sustained significantly higher rates of head/neck,
face, thoracic and abdomen injuries than patients
without alcohol intoxication, whereas patients without
alcohol intoxication had sustained significantly

Table 1 Demographics and injury characteristics of the adult trauma patients with and without alcohol intoxication

Variables
BAC (+)
N=929

BAC (−)
N=10 104 OR (95% CI) p Value

Sex

Male 821 (88.4) 6113 (60.5) 5.0 (4.0 to 6.1) <0.001

Female 108 (11.6) 3991 (39.5) 0.2 (0.2 to 0.2) <0.001

Age (years) 40.4±11.5 43.0±13.6 – <0.001

20–29 197 (21.2) 2302 (22.8) 0.9 (0.8 to 1.1) 0.287

30–39 242 (26.0) 1847 (18.3) 1.6 (1.3 to 1.8) <0.001

40–49 262 (28.2) 1986 (19.7) 1.6 (1.4 to 1.9) <0.001

50–59 181 (19.5) 2656 (26.3) 0.7 (0.6 to 0.8) <0.001

60–64 47 (5.1) 1313 (13.0) 0.4 (0.3 to 0.5) <0.001

Comorbidity

DM 41 (4.4) 923 (9.1) 0.5 (0.3 to 0.6) <0.001

HTN 102 (11.0) 1546 (15.3) 0.7 (0.6 to 0.8) <0.001

CAD 6 (0.6) 124 (1.2) 0.5 (0.2 to 1.2) 0.150

CHF 2 (0.2) 27 (0.3) 0.8 (0.2 to 3.4) 1.000

CVA 5 (0.5) 127 (1.3) 0.4 (0.2 to 1.0) 0.057

ESRD 3 (0.3) 138 (1.4) 0.2 (0.1 to 0.7) 0.009

Alcohol level (mg/dL) 191.1±74.6 15.5±15.0 – –

Mechanism

Motor vehicle 66 (7.1) 269 (2.7) 2.8 (2.1 to 3.7) <0.001

Motorcycle 613 (66.0) 4900 (48.5) 2.1 (1.8 to 2.4) <0.001

Bicycle 29 (3.1) 260 (2.6) 1.2 (0.8 to 1.8) 0.333

Pedestrian 18 (1.9) 135 (1.3) 1.5 (0.9 to 2.4) 0.141

Fall 93 (10.0) 2010 (19.9) 0.4 (0.4 to 0.6) <0.001

Strike by/against 110 (11.8) 2530 (25.0) 0.4 (0.3 to 0.5) <0.001

GCS 12.6±3.7 14.5±1.9 – <0.001

≤8 158 (17.0) 337 (3.3) 5.9 (4.9 to 7.3) <0.001

9–12 122 (13.1) 248 (2.5) 6.0 (4.8 to 7.5) <0.001

≥13 649 (69.9) 9519 (94.2) 0.1 (0.1 to 0.2) <0.001

AIS

Head/neck 485 (52.2) 2184 (21.6) 4.0 (3.5 to 4.5) <0.001

Face 373 (40.2) 1646 (16.3) 3.4 (3.0 to 4.0) <0.001

Thorax 184 (19.8) 1183 (11.7) 1.9 (1.6 to 2.2) <0.001

Abdomen 117 (12.6) 642 (6.4) 2.1 (1.7 to 2.6) <0.001

Extremity 538 (57.9) 7430 (73.5) 0.5 (0.4 to 0.6) <0.001

ISS (median, IQR) 10 (5.17) 5 (4.9) – <0.001

<16 626 (67.4) 8905 (88.1) 0.3 (0.2 to 0.3) <0.001

16–24 209 (22.5) 822 (8.1) 3.3 (2.8 to 3.9) <0.001

≥25 94 (10.1) 377 (3.7) 2.9 (2.3 to 3.7) <0.001

Mortality 33 (3.6) 124 (1.2) 3.0 (2.0 to 4.4) <0.001

LOS in hospital (days) 11.4±11.2 9.1±10.0 – <0.001

ICU admission, n (%) 329 (35.4) 1517 (15.0) 3.1 (2.7 to 3.6) <0.001

LOS in ICU (days) 7.1±8.5 9.4±12.1 – <0.001

AIS, Abbreviated Injury Scale; BAC, blood alcohol concentration; CAD, coronary artery disease; CHF, congestive heart failure; CVA, cerebral
vascular accident; DM, diabetes mellitus; ESRD, end-stage renal disease; GCS, Glasgow Coma Scale; HTN, hypertension; ICU, intensive
care unit; ISS, Injury Severity Score; LOS, length of stay.
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higher rates of extremity injury. Regarding the asso-
ciated common injuries in each trauma region, a signifi-
cantly higher percentage of patients with alcohol
intoxication had sustained associated common major
injuries of head, maxillofacial, thoracic, abdominal and
extremity trauma (table 2). In contrast, a significantly
lower percentage of patients with alcohol intoxication
had sustained humeral fracture and ulnar fracture. In
addition, a significantly higher ISS was found in patients
with alcohol intoxication than in patients without
alcohol intoxication (median (IQR: Q1–Q3), 10 (5–17)
vs 5 (4–9), p<0.001) (table 1). When stratified by ISS
(<16, 16–24, or ≥25), among patients with alcohol
intoxication, a larger number of patients had an ISS ≥25
and an ISS of 16–24 and a smaller number of patients
had an ISS <16 as compared to patients without alcohol
intoxication.

Outcome of patients with alcohol intoxication
Patients with alcohol intoxication had a significantly higher
mortality than those without alcohol intoxication (OR 3.0,

95% CI 2.0 to 4.4; p<0.001). After propensity score match-
ing, mortality outcome was compared in the 131 well-
balanced pairs of patients (table 3). In these propensity
score-matched patients, there was no significant difference
in sex, age, comorbidity (HTN, DM and ESRD), GCS,
injury region based on AIS and ISS. The logistic regression
analysis showed that alcohol intoxication did not signifi-
cantly influence mortality (OR: 0.8, 95% CI 0.5 to 1.4,
p=0.563), implying that the higher mortality of
alcohol-intoxicated patients was attributable to the patient
characteristics and associated with higher injury severity.
Furthermore, compared to the patients without alcohol
intoxication, the patients with alcohol intoxication had sig-
nificantly longer hospital LOS (9.1 vs 11.4 days, respectively,
p<0.001), higher proportion of patients admitted to the
ICU (15.0% vs 35.4%, respectively, p<0.001) and shorter
LOS in the ICU (9.4 vs 7.1 days, respectively, p<0. 001).

Expenditure for patients with alcohol intoxication
To compare the expenditure for patients with and those
without alcohol intoxication, 929 well-balanced pairs of

Table 2 Significant associated injuries among the adult trauma patients with and without alcohol intoxication

Variables
BAC (+)
N=929

BAC (−)
N=10 104 OR (95% CI) p Value

Head trauma, n (%)

Neurologic deficit 35 (3.8) 181 (1.8) 2.1 (1.5 to 3.1) <0.001

Cranial fracture 150 (16.1) 482 (4.8) 3.8 (3.2 to 4.7) <0.001

EDH 98 (10.5) 298 (2.9) 3.9 (3.1 to 4.9) <0.001

SDH 180 (19.4) 630 (6.2) 3.6 (3.0 to 4.3) <0.001

SAH 186 (20.0) 716 (7.1) 3.3 (2.7 to 3.9) <0.001

ICH 43 (4.6) 150 (1.5) 3.2 (2.3 to 4.6) <0.001

Cerebral contusion 89 (9.6) 407 (4.0) 2.5 (2.0 to 3.2) <0.001

Maxillofacial trauma, n (%)

Orbital fracture 53 (5.7) 173 (1.7) 3.5 (2.5 to 4.8) <0.001

Nasal fracture 25 (2.7) 101 (1.0) 2.7 (1.8 to 4.3) <0.001

Maxillary fracture 147 (15.8) 557 (5.5) 3.2 (2.6 to 3.9) <0.001

Mandibular fracture 47 (5.1) 217 (2.1) 2.4 (1.8 to 3.4) <0.001

Thoracic trauma, n (%)

Rib fracture 122 (13.1) 825 (8.2) 1.7 (1.4 to 2.1) <0.001

Haemothorax 27 (2.9) 158 (1.6) 1.9 (1.2 to 2.9) 0.004

Pneumothorax 23 (2.5) 154 (1.5) 1.6 (1.1 to 2.6) 0.030

Haemopneumothorax 21 (2.3) 140 (1.4) 1.6 (1.0 to 2.6) 0.044

Lung contusion 20 (2.2) 107 (1.1) 2.1 (1.3 to 3.3) 0.005

Abdominal trauma, n (%)

Intra-abdominal injury 35 (3.8) 163 (1.6) 2.4 (1.6 to 3.5) <0.001

Hepatic injury 55 (5.9) 166 (1.6) 3.8 (2.8 to 5.2) <0.001

Splenic injury 20 (2.2) 96 (1.0) 2.3 (1.4 to 3.7) 0.002

Renal injury 10 (1.1) 47 (0.5) 2.3 (1.2 to 4.6) 0.019

Extremity trauma, n (%)

Scapular fracture 26 (2.8) 156 (1.5) 1.8 (1.2 to 2.8) 0.006

Clavicle fracture 106 (11.4) 839 (8.3) 1.4 (1.1 to 1.8) 0.001

Humeral fracture 21 (2.3) 482 (4.8) 0.5 (0.3 to 0.7) 0.001

Ulnar fracture 34 (3.7) 525 (5.2) 0.7 (0.5 to 1.0) 0.042

Pelvic fracture 38 (4.1) 276 (2.7) 1.5 (1.1 to 2.1) 0.019

Tibial fracture 72 (7.8) 497 (4.9) 1.6 (1.3 to 2.1) <0.001

BAC, blood alcohol concentration; EDH, epidural haematoma; ICH, intracerebral haematoma; SDH, subdural haematoma; SAH, subarachnoid
haemorrhage.

Peng S-H, et al. BMJ Open 2016;6:e013176. doi:10.1136/bmjopen-2016-013176 5

Open Access

group.bmj.com on November 3, 2016 - Published by http://bmjopen.bmj.com/Downloaded from 

http://bmjopen.bmj.com/
http://group.bmj.com


patients, with a 1:4 ratio after propensity score matching
of sex, age and comorbidity (HTN, DM, and ESRD),
were used for outcome assessment (table 4). In these
propensity score-matched patients, there was no signifi-
cant difference in sex, age and comorbidity (HTN, DM
and ESRD). On comparison with patients without
alcohol intoxication, those who had alcohol intoxication
spent a significantly higher total expenditure (28.3%
higher), cost of operation (51.8% higher), cost of exam-
ination (71.7% higher) and cost of pharmaceuticals
(63.8% higher) (table 5). On comparing the selected
well-balanced pairs of patients with and those without
alcohol intoxication, who had similar personal character-
istics regarding sex, age and comorbidities, those who
had alcohol intoxication still had significantly higher
total expenditure (17.4% higher), cost of operation

(40.3% higher), cost of examination (52.8% higher)
and cost of pharmaceuticals (38.3% higher) (table 6).

DISCUSSION
This study compared the clinical outcome and expend-
iture in a broad group of adult trauma patients compris-
ing those with alcohol intoxication and those without
alcohol intoxication hospitalised at a Level I trauma
centre. Patients with alcohol intoxication presented with
significantly different body-injury patterns, higher injury
severity, longer hospital stay, higher proportion of admis-
sion to the ICU and higher short-term mortality than
those without alcohol intoxication. In addition, patients
with alcohol intoxication had significantly higher total
expenditure, cost of operation, cost of examination and

Table 3 Covariates of the adult trauma patients with and without alcohol intoxication adjusted for 1:1 greedy propensity

score matching for mortality assessment

Before After
Death
n=157

Survival
n=10 876 OR (95% CI) p Value

Death
n=131

Survival
n=131 OR (95% CI) p Value

Sex

Male 122 (77.7) 6812 (62.6) 2.1 (1.4 to 3.0) <0.001 111 (84.7) 111 (84.7) 1.0 (0.5 to 2.0) 1.000

Female 35 (22.3) 4064 (37.4) 0.5 (0.3 to 0.7) <0.001 20 (15.3) 20 (15.3) 1.0 (0.5 to 2.0) 1.000

Age 46.7±13.5 42.7±13.5 – <0.001 45.8±13.5 44.8±12.3 – 0.560

Comorbidity

HTN 23 (14.6) 1625 (14.9) 1.0 (0.6 to 1.5) 1.000 19 (14.5) 19 (14.5) 1.0 (0.5 to 2.0) 1.000

DM 16 (10.2) 948 (8.7) 1.2 (0.7 to 2.0) 0.568 10 (7.6) 10 (7.6) 1.0 (0.4 to 2.5) 1.000

ESRD 9 (5.7) 132 (1.2) 5.0 (2.5 to 9.9) <0.001 4 (3.1) 4 (3.1) 1.0 (0.2 to 4.1) 1.000

GCS 7.2±4.8 14.5±1.9 – <0.001 7.5±4.8 8.0±4.8 – 0.418

AIS, n (%)

Head/neck 128 (81.5) 2541 (23.4) 14.5 (9.7 to 21.7) <0.001 105 (80.2) 105 (80.2) 1.0 (0.5 to 1.8) 1.000

Face 22 (14.0) 1997 (18.4) 0.7 (0.5 to 1.1) 0.177 19 (14.5) 19 (14.5) 1.0 (0.5 to 2.0) 1.000

Thorax 54 (34.4) 1313 (12.1) 3.8 (2.7 to 5.3) <0.001 46 (35.1) 46 (35.1) 1.0 (0.6 to 1.7) 1.000

Abdomen 26 (16.6) 733 (6.7) 2.7 (1.8 to 4.2) <0.001 22 (16.8) 22 (16.8) 1.0 (0.5 to 1.9) 1.000

Extremity 47 (29.9) 7921 (72.8) 0.2 (0.1 to 0.2) <0.001 38 (29.0) 38 (29.0) 1.0 (0.6 to 1.7) 1.000

ISS 30.8±17.8 7.7±6.5 – <0.001 27.0±13.3 25.0±13.4 – 0.247

BAC (+) 33 (21.0) 896 (8.2) 3.0 (2.0 to 4.4) <0.001 29 (22.1) 34 (26.0) 0.8 (0.5 to 1.4) 0.563

Mortality (OR: 0.81, 95% CI 0.46 to 1.432, p=0.470).
AIS, Abbreviated Injury Scale; BAC, blood alcohol concentration; DM, diabetes mellitus; ESRD, end-stage renal disease; GCS, Glasgow
Coma Scale; HTN, hypertension; ISS, Injury Severity Score.

Table 4 Covariates of the adult trauma patients with and without alcohol intoxication adjusted for 1:4 greedy propensity

score matching for cost assessment

Before After
BAC (+)
n=929

BAC (−)
n=10 104 OR (95% CI) p Value

BAC (+)
n=929

BAC (−)
n=3716 OR (95% CI) p Value

Sex

Male 821 (88.4) 6113 (60.5) 5.0 (4.0 to 6.1) <0.001 821 (88.4) 3284 (88.4) 1.0 (0.8 to 1.3) 1.000

Female 108 (11.6) 3991 (39.5) 0.2 (0.2 to 0.2) <0.001 108 (11.6) 432 (11.6) 1.0 (0.8 to 1.3) 1.000

Age 40.4±11.5 43.0±13.6 – <0.001 40.4±11.5 40.4±11.5 – 0.989

Comorbidity

HTN 102 (11.0) 1546 (15.3) 0.7 (0.6 to 0.8) <0.001 102 (11.0) 408 (11.0) 1.0 (0.8 to 1.3) 1.000

DM 41 (4.4) 923 (9.1) 0.5 (0.3 to 0.6) <0.001 41 (4.4) 164 (4.4) 1.0 (0.7 to 1.4) 1.000

ESRD 3 (0.3) 138 (1.4) 0.2 (0.1 to 0.7) 0.009 3 (0.3) 12 (0.3) 1.0 (0.3 to 3.6) 1.000

BAC, blood alcohol concentration; DM, diabetes mellitus; ESRD, end-stage renal disease; HTN, hypertension.
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cost of pharmaceuticals than those without alcohol
intoxication, regardless of whether the comparison was
made among the total patients or among the selected
propensity score-matched patients.
In this study, patients with alcohol intoxication were

predominantly men, of younger age, and had lower inci-
dence of pre-existing comorbidities and chronic dis-
eases. In addition, patients with alcohol intoxication
sustained significantly higher injury severity and rates of
head/neck injury, face injury, thoracic injury and
abdomen injury, but lower rate of extremity injury than
patients without alcohol intoxication. In addition, the
mortality was threefold higher in patients with alcohol
intoxication than that of patients without alcohol intoxi-
cation. Notably, controlled experimental and epidemio-
logic studies have shown that alcohol exposure can
increase the severity of injury,36 and the adjustment for
injury severity in their analyses of outcomes from
alcohol intoxication may have obscured the association
of mortality and other outcomes with BAC.37 In this
study, by analysing the selected propensity score-matched
patients with respect to sex, age, comorbidity, GCS, and
injury region based on AIS, and ISS, we found that
alcohol intoxication did not significantly influence mor-
tality; this implies that the higher mortality of these
alcohol-intoxicated patients was attributable to the
patient characteristics and associated higher injury sever-
ity. These results are in agreement with the results of
some studies that stated that although the beneficial
effects of alcohol have been controversial,38 its detrimen-
tal effects on injury outweigh its beneficial effects.23

In this study, compared to the patients without alcohol
intoxication, the patients with alcohol intoxication had
significantly longer hospital LOS (9.1 vs 11.4 days,
respectively; p<0.001), higher proportion of patients

admitted to the ICU (15.0% vs 35.4%, respectively;
p<0.001), but shorter LOS in the ICU (9.4 vs 7.1 days,
respectively; p<0. 001). Patients with alcohol intoxication
had significantly higher total expenditure, cost of oper-
ation, cost of examination and cost of pharmaceuticals
than the total patient population and the selected pro-
pensity score-matched patients with respect to sex, age
and comorbidity. Multiple factors may have contributed
to the increase in the expenditure of alcohol-intoxicated
patients. In addition, more examinations,21 22 27 excess
charges for laboratory testing and radiologic testing, and
extra monitoring and other procedures may be con-
ducted for patients with alcohol intoxication.28 These
alcohol-intoxicated patients were also more likely to
have a delay in discharge due to alcohol withdrawal39

and require a high level of in-hospital care such as in a
coronary care unit or ICU.28 In contrast, previous
studies have reported a reduction in the hospital LOS
and lower overall costs of care associated with intoxi-
cated patients.36 40 However, the descriptive study design
prevented further analysis of the effects of additional
factors (eg, a particular treatment and the judgement of
discharge from the hospital or stay in the ICU) and
relied on the assumption of uniform assessment and
management of patients with and without alcohol
intoxication.
Our study has some limitations that should be

acknowledged. First, owing to the retrospective design of
the study with its inherent selection bias, it was impos-
sible to fully account for potential confounders of
important risk factors such as differentiation between
alcohol-induced psychoses, alcohol dependence and
alcohol abuse;41 between intentional and unintentional
injuries and most importantly, between patterns of
drinking and alcohol consumption. Second, the lack

Table 5 The cost during the hospitalisation of the adult trauma patients with and without alcohol intoxication

BAC (+) BAC (−) Difference p Value

Total expenditure (US$) (n=929) 3656±5104 (n=10 104) 2850±4355 28.3%↑ <0.001

Cost of operation (US$) (n=601) 958±864 (n=7558) 631±706 51.8%↑ <0.001

Cost of examination (US$) (n=791) 249±353 (n=8474) 145±289 71.7%↑ <0.001

Cost of pharmaceutical (US$) (n=929) 285±773 (n=10 103) 174±859 63.8%↑ <0.001

Under the calculation of 33 New Taiwan Dollar (NTD) per US dollar.
BAC, blood alcohol concentration.

Table 6 The cost during the hospitalisation of the selected propensity score-matched adult trauma patients with and without

alcohol intoxication

BAC (+) BAC (−) Difference p Value

Total expenditure (US$) (n=929) 3656 ±5104 (n=3716) 3113 ±5278 17.4%↑ 0.004

Cost of operation (US$) (n=601) 958 ±864 (n=2758) 683 ±860 40.3%↑ <0.001

Cost of examination (US$) (n=791) 249 ±353 (n=3037) 163 ±336 52.8%↑ <0.001

Cost of pharmaceutical (US$) (n=929) 285 ±773 (n=3715) 206 ±706 38.3%↑ 0.005

Under the calculation of 33 New Taiwan Dollar (NTD) per US dollar.
BAC, blood alcohol concentration.
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of data regarding indication of hospitalisation, type of
surgery and the associated-patient costs at the referring
hospital may have led to a bias. Third, the patients
declared dead on hospital arrival or at the accident
scene were not included in the Trauma Registry
Database, and some outcomes such as late mortality
were not analysed, which potentially led to bias in the
assessment of mortality and overall cost. Further, in
Taiwan, all drivers involved in traffic accidents are legally
compelled to undergo BAC testing; however, a few
patients may have refused to undergo an actual BAC test
after alcohol consumption was confirmed using a breath-
alyser. Accordingly, these patients might have been
placed in an incorrect category, because the breathalyser
results were registered in the police report but not
noted in the medical records. In addition, the combin-
ation of psychoactive drugs and alcohol use may have
led to bias in the outcome assessment.42 However, in our
experience, such cases are rare. Finally, considering that
cognitive function may be impaired at a BAC level of
<50 mg/dL14 43 and that the BAC level that defines
alcohol intoxication varies by country, an arbitrary BAC
cut-off value of 50 mg/dL as the definition of alcohol
intoxication may have introduced bias into this study.
Moreover, the most common traumatic injuries in
Taiwan involved motorcycle accidents rather than car
accidents, which are more common in Western coun-
tries; this may also hinder the generalisation of assessing
the effect of alcohol intoxication on hospital mortality
and expenditure.

CONCLUSIONS
This study of hospitalised adult trauma patients, based
on the Trauma Registry System at a Level I trauma
centre and spanning a 6-year period, revealed that a
higher mortality associated with the adult trauma
patients with alcohol intoxication was completely attrib-
utable to patient characteristics and associated injury
severity and not to the effects of alcohol. However,
patients with alcohol intoxication incurred significantly
higher expenditure than patients without alcohol intoxi-
cation, even on comparison with sex-matched, age-
matched and comorbidity-matched patients without
alcohol intoxication.
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Abstract

Background: The causes of post-traumatic acute kidney injury (AKI) are multifactorial, and shock associated with
major trauma has been proposed to result in inadequate renal perfusion and subsequent AKI in trauma patients.
This study aimed to investigate the true incidence and clinical presentation of post-traumatic AKI in hospitalized
adult patients and its association with shock at a Level I trauma center.

Methods: Detailed data of 78 trauma patients with AKI and 14,504 patients without AKI between January 1, 2009
and December 31, 2014 were retrieved from the Trauma Registry System. Patients with direct renal trauma were
excluded from this study. Two-sided Fisher’s exact or Pearson’s chi-square tests were used to compare categorical
data, unpaired Student’s t-test was used to analyze normally distributed continuous data, and Mann–Whitney’s U
test was used to compare non-normally distributed data. Propensity score matching with a 1:1 ratio with logistic
regression was used to evaluate the effect of shock on AKI.

Results: Patients with AKI presented with significantly older age, higher incidence rates of pre-existing comorbidities,
higher odds of associated injures (subdural hematoma, intracerebral hematoma, intra-abdominal injury, and hepatic
injury), and higher injury severity than patients without AKI. In addition, patients with AKI had a longer hospital stay
(18.3 days vs. 9.8 days, respectively; P < 0.001) and intensive care unit (ICU) stay (18.8 days vs. 8.6 days, respectively;
P < 0. 001), higher proportion of admission into the ICU (57.7% vs. 19.0%, respectively; P < 0.001), and a higher odds
ratio (OR) of short-term mortality (OR 39.0; 95% confidence interval, 24.59–61.82; P < 0.001). However, logistic regression
analysis of well-matched pairs after propensity score matching did not show a significant influence of shock on the
occurrence of AKI.

Discussion: We believe that early and aggressive resuscitation, to avoid prolonged untreated shock, may help to
prevent the occurrence of post-traumatic AKI. However, more evidence is required to support this observation.

Conclusion: Compared to patients without AKI, patients with AKI presented with different injury characteristics and
worse outcome. However, an association between shock and post-traumatic AKI could not be identified.

Keywords: Trauma, Shock, Acute kidney injury (AKI), Mortality, Length of stay (LOS)

Background
Renal dysfunction is infrequent, but complicates both
the management and the outcome of trauma patients.
The incidence of post-traumatic acute kidney injury
(AKI) varies widely from 0.1 to 8.4% in published series
[1–7] with mortality ranging from 7 to 83% [1, 8–11],

and survivors are at increased risk for chronic kidney
disease and late death [5, 12–16]. The variation is partly
attributed to the controversial definition of terms such
as renal insufficiency, renal dysfunction, acute renal
failure, and renal failure requiring dialysis, all of which
now have been substituted with the term AKI to repre-
sent the entire spectrum of acute renal failure [17–19].
However, despite technical progress in the management
of AKI over the last 50 years, mortality rates of patients
with AKI in critically ill patients still have remained
unchanged at around 50% [20].
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In early literatures, AKI in trauma patients was re-
ported to be mainly secondary to rhabdomyolysis in
crush injuries [11], whereas later decreased renal perfu-
sion was proposed as one of the most common cause of
AKI [1, 21]. The shock associated with major trauma
may result in inadequate renal perfusion. In addition,
simultaneous changes in pro-inflammatory and anti-
inflammatory plasma cytokine levels in trauma patients
with AKI were found [22]. These circulating factors,
such as cytokines and chemokines, activated leukocytes,
and adhesion molecules, may lead to distant organ im-
mune cell infiltration and dysfunction [23]. Furthermore,
AKI was demonstrated to be neutrophil-mediated during
the process of ischemia-reperfusion injury [6]. Therefore,
shock in major trauma may cast a detrimental effect on
the kidney, which manifests in a variety of outcomes
from mild azotemia to severe renal damage that requires
renal replacement therapy. In this study, we aimed to in-
vestigate the true incidence and clinical presentation of
post-traumatic AKI of hospitalized adult patients and its
association with shock in a Level I trauma center.

Methods
Study design
This retrospective study reviewed all data added to the
Trauma Registry System from January 1, 2009 through
December 31, 2014 in a 2400-bed facility and Level I re-
gional trauma center that provides care to trauma pa-
tients primarily from southern Taiwan. The coding to
the Trauma Registry System spanning over these 6 years
was performed by same person (Hsu SY). The inclusion
criteria were all adult patients (age ≥20 years) hospital-
ized for treatment of traumatic injury. Patients with in-
complete registered data or without complete blood
count test as well as blood urea nitrogen (BUN) and cre-
atinine (Cr) test data were excluded from the study. In
this study, AKI is defined according to The Kidney
Disease: Improving Global Outcomes (KDIGO) Clinical
Practice Guidelines [19] as any of the following: increase
in serum creatinine by ≥0.3 mg/dL within 48 h; or in-
crease in serum creatinine to ≥1.5 times baseline, which
is known or presumed to have occurred within the prior
seven days; or urine volume <0.5 mL/kg/h for 6 h.
Patients with acute kidney injury (AKI) were identified
according to the assigned code 584.9 in ICD-9-CM for
AKI, which encompasses all stages. Patients with direct
trauma to the kidney or with chronic kidney disease
were excluded from the study. We reviewed all 20,106
hospitalized and registered patients added to the Trauma
Registry System to compare injury patterns, severity, and
mortality of patients with AKI to those patients without
AKI. A total of 14,504 adult patients, 78 (0.54%) with
AKI and 14,426 (99.46%) without AKI, were enrolled in
this study for further analysis. The medical records of

these 78 AKI patients had been reviewed to confirm the
accuracy of diagnosis and its associated information.
Detailed patient information was retrieved from the
Trauma Registry System of our institution, including data
regarding age, sex, vital signs upon arrival at emergency
department (ED), initial Glasgow Coma Scale (GCS) in
the emergency department, details of procedures per-
formed at the ED (cardiopulmonary resuscitation, intub-
ation, chest tube insertion, and blood transfusion),
Abbreviated Injury Scale (AIS) severity score for each
body region, Injury Severity Score (ISS), hospital length of
stay (LOS), LOS in ICU, in-hospital mortality, and rates of
associated complications. Pre-existing comorbidities and
chronic diseases including diabetes mellitus (DM), hyper-
tension (HTN), coronary artery diseases (CAD), congest-
ive heart failure (CHF), and cerebrovascular accident
(CVA) were also identified. Blood alcohol concentration
(BAC) of 50 mg/dL at the time of arrival to the hospital
was defined as a cut-off value and the legal limit for
drivers in Taiwan. If required, the doses of intravenous
contrast medium Iohexol (OMNIPAQUE) for abdominal
contrast-enhanced computed tomography was 60–120 cc,
depending on the weight of the patient. The primary ana-
lysis was between patients with or without AKI. Odd ra-
tios (ORs) of the associated conditions and injuries of the
patients were calculated with 95% confidence intervals
(CIs). The data collected were compared using IBM SPSS
Statistics for Windows, version 20.0 (IBM Corp., Armonk,
NY, USA). Two-sided Fisher’s exact or Pearson’s chi-
square tests were used to compare categorical data.
Unpaired Student’s t-test was used to analyze normally
distributed continuous data, which was reported as
mean ± standard deviation. Mann–Whitney’s U test was
used to compare non-normally distributed data. To
minimize confounding effects due to nonrandomized as-
signment in the assessment of AKI, propensity scores were
calculated by using a logistic regression model and the fol-
lowing covariates: sex; age; comorbidity; GCS; injuries to
the head/neck, thorax, abdomen, or extremities based on
AIS; and ISS. A 1:1 matched study group was created by
the Greedy method with NCSS software (NCSS 10, NCSS
Statistical software, Kaysville, Utah). After amending these
confounding factors, binary logistic regression was used in
the evaluation of interventional factor of shock, which was
defined as SBP <90 mmHg, on the occurrence of AKI.
P-values < 0.05 were considered statistically significant.

Results
Characteristics of patients with AKI
The mean age of patients with AKI and patients without
AKI were 62.9 ± 21.0 and 52.7 ± 19.2 years, respectively
(Table 1). A statistically significant predominance in the
percentage of men was found in patients with AKI; of
the total 78 patients with AKI, 56 (71.8%) were men and
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22 (28.2%) were women. Significantly higher incidence
rates of pre-existing comorbidities and chronic diseases
including DM (OR, 2.0; 95% CI, 1.22–3.40; P = 0.005),
HTN (OR, 2.3; 95% CI, 1.47–3.58; P < 0.001), CAD (OR,
3.7; 95% CI, 1.83–7.41; P = 0.001), and CVA (OR, 2.4;
95% CI, 1.10–5.24; P = 0.035) were found among patients
with AKI than among patients without AKI. There was
no significant difference of positive BAC between pa-
tients with and without AKI.

Injury severity and outcome among patients with AKI
GCS scores were significantly lower in patients with AKI
than in patients without AKI (11.5 ± 4.8 vs. 14.3 ± 2.3;
P < 0.001). There were significantly more patients with
AKI that had a GCS ≤8 and GCS of 9–12 compared to

those of patients without AKI. Analysis of AIS revealed
that patients with AKI had sustained significantly higher
rates of head/neck injury, thoracic injury, and abdomen in-
jury than patients without AKI, while patients without AKI
had sustained significantly higher rates of extremity injury.
A significantly higher ISS was found in patients with AKI
than patients without AKI (19.8 ± 17.3 vs. 8.9 ± 7.2, re-
spectively; P < 0.001). When stratified by ISS (<16, 16–24
or ≥25), fewer patients with AKI had an ISS of <16 than
patients without AKI did. In contrast, more patients with
AKI had had an ISS of 16–24 or an ISS ≥25 than patients
without AKI. Patients with AKI had a significantly higher
mortality than patients without AKI (OR, 39.0; 95% CI,
24.69–61.8; P < 0.001). In addition, patients with AKI had
significantly longer hospital LOS than patients without
AKI (18.3 days vs. 9.8 days, respectively; P < 0.001). A
higher proportion of patients with AKI than patients
without AKI were admitted to the ICU (57.7% vs. 19.0%,
respectively; P < 0.001), and the LOS in the ICU was
greater for patients with AKI compared to patients without
AKI (18.8 days vs. 8.6 days, respectively; P = 0.001). Of the
2789 trauma patients who were admitted into the ICU
during this 6-year span of study, 45 (2.1%) patients had
sustained AKI. In this study, 3 of 78 (3.8%) patients with
AKI required a renal replacement therapy during the
hospitalization.

Physiological response and procedures performed in the
emergency room
As shown in Table 2, patients with AKI exhibited
higher ORs for presenting to the emergency room
with worse measures of consciousness level (OR, 5.8;
95% CI, 3.62–9.21; P < 0.001), systolic blood pressure
(OR, 3.5; 95% CI, 1.53–8.19; P = 0.010), heart rate
(OR 2.4; 95% CI, 1.52–3.85; P < 0.001), and respiratory
rate (OR, 9.6; 95% CI, 3.42–26.80; P = 0.001) in com-
parison with patients without AKI. Significantly lower
hemoglobin (Hb) and hematocrit (Hct) levels, as well as
higher BUN (28.9 ± 24.5 vs. 15.5 ± 10.0; P < 0.001) and Cr
(2.1 ± 2.2 vs. 1.1 ± 1.8; P < 0.001) of the blood was found in
patients with AKI than patients without AKI. In addition,
patients with AKI had higher odds of requiring proce-
dures, including cardiopulmonary resuscitation, intub-
ation, chest tube insertion, and blood transfusion, in the
emergency department than patients without AKI. There
was no difference of SBP measured just before leaving ER
(143.9 ± 41.1 vs. 140.0 ± 27.1; p = 0.402) and of the time
spent at ER in the patients with AKI and without AKI
(4.5 ± 4.7 vs. 4.2 ± 4.7; p = 0.566), albeit the exact time of a
profound shock at the ER was unknown.

Associated injuries among patients with AKI
Additional file 1: Table S1 shows the incidence of
associated injuries in patients with and without AKI. A

Table 1 Demographics and injury characteristics of the adult
trauma patients with AKI

Variables AKI
n = 78

Non-AKI
n = 14426

Odds ratio
(95%)

P

Gender

Male 56 (71.8) 8267 (57.3) 1.9 (1.16–3.11) 0.010

Female 22 (28.2) 6159 (42.7) 0.5 (0.32–0.86) 0.010

Age 62.9 ± 21.0 52.7 ± 19.2 — <0.001

Comorbidity

DM 20 (25.6) 2087 (14.5) 2.0 (1.22–3.40) 0.005

HTN 36 (46.2) 3928 (27.2) 2.3 (1.47–3.58) <0.001

CAD 9 (11.5) 494 (3.4) 3.7 (1.83–7.41) 0.001

CVA 7 (9.0) 569 (3.9) 2.4 (1.10–5.24) 0.035

Alcohol >50, n (%) 4 (5.1) 989 (6.9) 0.7 (0.27–2.01) 0.547

GCS 11.5 ± 4.8 14.3 ± 2.3 — <0.001

≤8 20 (25.6) 718 (5.0) 6.6 (3.94–11.00) <0.001

9–12 8 (10.3) 557 (3.9) 2.8 (1.36–5.94) 0.011

≥13 50 (64.1) 13151 (91.2) 0.2 (0.11–0.28) <0.001

AIS, n (%)

Head/Neck 35 (44.9) 3766 (26.1) 2.3 (1.47–3.61) <0.001

Face 11 (14.1) 2158 (15.0) 0.9 (0.49–1.77) 0.832

Thorax 17 (21.8) 1610 (11.2) 2.2 (1.29–3.81) 0.003

Abdomen 11 (14.1) 851 (5.9) 2.6 (1.38–4.97) 0.006

Extremity 41 (52.6) 10792 (74.8) 0.4 (0.24–0.58) <0.001

ISS 19.8 ± 17.3 8.9 ± 7.2 — <0.001

<16 40 (51.3) 12119 (84.0) 0.2 (0.13–0.31) <0.001

16–24 15 (19.2) 1599 (11.1) 1.9 (1.09–3.36) 0.023

≥25 23 (29.5) 708 (4.9) 8.1 (4.95–13.26) <0.001

Mortality, n (%) 35 (44.9) 295 (2.0) 39.0 (24.6–61.8) <0.001

LOS (days) 18.3 ± 16.8 9.8 ± 10.4 — <0.001

ICU

Patients, n (%) 45 (57.7) 2744 (19.0) 5.8 (3.70–9.12) <0.001

LOS in ICU (days) 18.8 ± 19.7 8.6 ± 11.5 — 0.001
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significantly higher percentage of patients with AKI
had sustained subdural hematoma (OR, 1.8; 95% CI,
1.00–3.32; P = 0.045), intracerebral hematoma (OR,
3.8; 95% CI, 1.66–8.91; P = 0.007), intra-abdominal injury
(OR, 4.3; 95% CI, 1.72–10.75; P = 0.008), hepatic injury
(OR, 3.3; 95% CI, 1.18–9.00; P = 0.040), and rhabdomyoly-
sis (OR, 183.1; 95% CI, 68.65–488.23; P < 0.001) (Table 3).

Association of shock with occurrence of AKI
After propensity score matching with a 1:1 ratio, 71
well-balanced pairs of patients were used for outcome
comparison (Table 4). In these propensity score-matched
patients, there was no significant difference in sex; age;
co-morbidity (DM, HTN, CAD, and CVA); GCS; injury
to head/neck, thorax, abdomen or extremities based on
AIS; and ISS. Logistic regression analysis did not show
that shock, under the definition of SBP <90 mmHg, sig-
nificantly influenced the occurrence of AKI (OR, 0.8;
95% CI, 0.24–2.82; P = 0.754).

Discussion
This study compared the characteristics of injuries and
outcome observed in a broad group of trauma patients
with AKI to those of patients without AKI hospitalized
at a Level I trauma center. Patients with AKI presented
with a significantly older age, higher incidence rates of
pre-existing comorbidities, different bodily injury pat-
terns, and higher injury severity than patients without
AKI. In addition, patients with AKI had longer hospital
and ICU stays, higher proportion of admission into the
ICU, and higher short-term mortality. However, logistic
regression analysis of well-matched pairs after propen-
sity score matching did not show a significant influence
of shock on the occurrence of AKI.
In a multi-center cohort study of 1044 trauma patients

in the ICU, renal failure developed in 3.5% of patients
within 24 h [24]. In a large multinational, multicenter
observational study involving over 29,000 critically ill
patients, the prevalence of AKI was 5.7% [2]. Post-

Table 2 Significant associated injuries among the trauma patients with AKI

Variables AKI
n = 78

Non-AKI
n = 14426

Odds ratio
(95%)

P

Physiology at ER, n (%)

GCS <13 28 (35.9) 1275 (8.8) 5.8 (3.62–9.21) <0.001

SBP <90 mmHg 6 (7.7) 332 (2.3) 3.5 (1.53–8.19) 0.010

Heart rate >100 beats/min 28 (35.9) 2714 (18.8) 2.4 (1.52–3.85) <0.001

Respiratory rate <10 or >29 4 (5.1) 81 (0.6) 9.6 (3.42–26.80) 0.001

Hemoglobin (Hb) 12.1 ± 2.9 13.2 ± 2.1 — 0.001

Hematocrit (Hct) 35.8 ± 7.9 39.1 ± 5.6 — <0.001

BUN 28.9 ± 24.5 15.5 ± 10.0 — <0.001

Creatinine (Cr) 2.1 ± 2.2 1.1 ± 1.8 — <0.001

Procedures at ER, n (%)

Cardiopulmonary resuscitation 4 (5.1) 21 (0.1) 37.1 (12.42–110.66) <0.001

Intubation 12 (15.4) 368 (2.6) 6.9 (3.72–12.96) <0.001

Chest tube insertion 4 (5.1) 184 (1.3) 4.2 (1.51–11.56) 0.019

Blood transfusion 13 (16.7) 528 (3.7) 5.3 (2.88–9.61) <0.001

SBP before leaving ER (mmHg) 143.9 ± 41.1 140.0 ± 27.1 — 0.402

Time stayed in ER (hour) 4.5 ± 4.7 4.2 ± 4.7 — 0.566

Table 3 Physiological response and procedures performed upon arrival at the emergency department

Variables AKI
n = 78

Non-AKI
n = 14426

Odds ratio
(95%)

P

Subdural hematoma (SDH) 13 (16.7) 1424 (9.9) 1.8 (1.00–3.32) 0.045

Intracerebral hematoma (ICH) 6 (7.7) 306 (2.1) 3.8 (1.66–8.91) 0.007

Intra-abdominal injury 5 (6.4) 226 (1.6) 4.3 (1.72–10.75) 0.008

Hepatic injury 4 (5.1) 235 (1.6) 3.3 (1.18–9.00) 0.040

Rhabdomyolysis 8 (10.3) 9 (0.1) 183.1 (68.65–488.23) <0.001
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traumatic renal failure was reported to develop in 323
(1%) of 33,376 trauma patients, with an overall mortality
of 38% (n = 120) [9]. In this study, the incidence of AKI
was 78 (0.54%) of 14,504 hospitalized adult patients, and
45 (2.1%) of 2789 patients in the ICU had sustained
AKI. It has been reported that approximately one third
of patients with posttraumatic AKI may be a result of in-
adequate resuscitation [1] and that the prognosis of post-
traumatic AKI is adversely influenced by hypotension
[25]. However, we did not identify a significant association
of shock on the occurrence of AKI in the analysis of well-
matched pairs. The causes of post-traumatic renal failure
are multifactorial [10, 26, 27]. In addition to hypovolemia,
predisposing risk factors such as diabetes and hyperten-
sion, pre-existing renal impairment, sepsis, and nephro-
toxins, such as aminoglycoside antibiotics and radiological
contrast agents, contribute to AKI [9, 26]. In addition,
patients sustained renal failure because of prolonged
untreated shock and aggressive resuscitation is recom-
mended for such patients [25]. During recent decades, the
dramatic increase in intravenous fluid administration to
trauma patients during the first 24 h after injury has mark-
edly reduced the incidence of AKI and has improved the
outcome [28]. The change in volume therapy helped to
nearly eliminate AKI from 8.4 to 3.7% [28]. The reduction
of the time under a profound shock may be the key to pre-
vent the occurrence of AKI in a trauma injury. In addition
to adequate hydration of major trauma patients with

shock, we believe that early identification of patients re-
quiring resuscitation in our hospital [29, 30] and a shorter
transport time from the injury scene [31] also might con-
tribute to minimize complications such as AKI. However,
the various trauma patient populations and injury severity
as well as different indications for hospitalization and ad-
mission into the ICU make further comparison impos-
sible. Furthermore, the exclusion of renal trauma patients
from this study may reduce the incidence of AKI, albeit
subsequent various outcomes depend on the various
degrees and types of injury [9].
In this study, patients with AKI had sustained signifi-

cantly higher rates of head/neck injury, thoracic injury, and
abdomen injury, but lower rates of extremity injury than
patients without AKI. In addition, a significantly higher
percentage of patients with AKI had sustained subdural
hematoma, intracerebral hematoma, intra-abdominal in-
jury, and hepatic injury. There is increasing evidence in the
relationship between abnormal kidney function and spon-
taneous intracerebral hemorrhage [32]. The use of antihy-
pertensive agents [33] and principle of volume depletion as
fluid restriction [34] had been applied in treating the pa-
tients with traumatic brain injury. In addition, it has been
reported that an aggressive systolic blood pressure reduc-
tion in patients with intracerebral hemorrhage may pre-
cipitate acute renal injury [34]. However, the mechanism
behind the association of post-traumatic AKI and subdural
hematoma or intracerebral hematoma is unknown and yet

Table 4 Significant covariates of the trauma patients with and without AKI before and after propensity score matching
(1:1 greedy matching)

Before matching After matching

Variables AKI
n = 78

Non-AKI
n = 14426

Odds ratio
(95%)

P AKI
n = 71

Non-AKI
n = 71

Odds ratio
(95%)

P

Gender

Male 56 (71.8) 8267 (57.3) 1.9 (1.16–3.11) 0.010 51 (71.8) 51 (71.8) 1.0 (0.48–2.08) 1.000

Female 22 (28.2) 6159 (42.7) 0.5 (0.32–0.86) 0.010 20 (28.2) 20 (28.2)

Age 62.9 ± 21.0 52.7 ± 19.2 — <0.001 62.9 ± 21.4 62.3 ± 21.4 — 0.869

Comorbidity

DM 20 (25.6) 2087 (14.5) 2.0 (1.22–3.40) 0.005 18 (25.4) 18 (25.4) 1.0 (0.47–2.13) 1.000

HTN 36 (46.2) 3928 (27.2) 2.3 (1.47–3.58) <0.001 31 (43.7) 31 (43.7) 1.0 (0.52–1.94) 1.000

CAD 9 (11.5) 494 (3.4) 3.7 (1.83–7.41) 0.001 7 (9.9) 7 (9.9) 1.0 (0.33–3.02) 1.000

CVA 7 (9.0) 569 (3.9) 2.4 (1.10–5.24) 0.035 5 (7.0) 5 (7.0) 1.0 (0.28–3.62) 1.000

GCS 11.5 ± 4.8 14.3 ± 2.3 — <0.001 11.9 ± 4.6 12.1 ± 4.6 — 0.784

AIS, n (%)

Head/Neck 35 (44.9) 3766 (26.1) 2.3 (1.47–3.61) <0.001 34 (47.9) 34 (47.9) 1.0 (0.52–1.93) 1.000

Thorax 17 (21.8) 1610 (11.2) 2.2 (1.29–3.81) 0.003 14 (19.7) 14 (19.7) 1.0 (0.44–2.29) 1.000

Abdomen 11 (14.1) 851 (5.9) 2.6 (1.38–4.97) 0.006 10 (14.1) 10 (14.1) 1.0 (0.39–2.57) 1.000

Extremity 41 (52.6) 10792 (74.8) 0.4 (0.24–0.58) <0.001 40 (56.3) 40 (56.3) 1.0 (0.52–1.94) 1.000

ISS 19.8 ± 17.3 8.9 ± 7.2 — <0.001 18.3 ± 15.2 18.1 ± 15.2 — 0.960

SBP <90 mmHg 6 (7.7) 332 (2.3) 3.5 (1.53–8.19) 0.010 5 (7.0) 6 (8.5) 0.8 (0.24–2.82) 0.754
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to be determined. Furthermore, it has been reported that
elevated intra-abdominal pressure during trauma is also a
significant determinant for the impairment of renal func-
tion by direct renal compression and is not related to
cardiac output [35]. An association of AKI and hepatic
injury was identified in this study. Although the patho-
physiological mechanisms underlying AKI in hepatic injury
is unknown, it has been reported that AKI is associated
with liver ischemia/reperfusion injury, which would evoke
substantial systemic inflammatory responses and subse-
quent distant organ injury, such as to the kidney [36, 37].
Furthermore, independent predictors of mortality in pa-
tients with AKI included the severity of cardiovascular,
hepatic, and neurologic dysfunction, highlighting the
critical interaction between the kidney and remote organ
systems [38]. In addition, although rhabdomyolysis is a rec-
ognized complication of traumatic injury to be associated
with the development of AKI [39, 40], in this study, only 8
of 78 patients with AKI had a rhabdomyolysis. Therefore,
rhabdomyolysis may only explain the development of AKI
in only a few proportion of patients with AKI.
There are some limitations in this study. This retro-

spective design with its inherent selection bias results in
a major limitation of the current study and makes it
impossible to fully account for potential confounders of
important risk factors. This includes a history of kidney
disease other than CKD, contrast-induced nephropathy,
rhabdomyolysis, left ventricular ejection fraction, peri-
operative and overall blood product transfusions, initial
administered fluid amount, the type and duration of use
of potential nephrotoxic agents, emergency surgery, type
of surgery, and most important, the duration of shock
and the associated lactate and base excess level at the
ED. Further, the descriptive study design prevents
assessment of the effects of any particular treatment
intervention, and could only rely on the assumption of
uniform assessment and management of patients with or
without AKI. The comparison of only the initial Cr level
but not a serial of change of Cr or a measured glomeru-
lar filtration rate (GFR) level may not reflect well a
dynamic renal function. The time lag before Cr starts to
rise after tubular/glomerular injury and the dilution ef-
fect of volume resuscitation after trauma injury can lead
to a selection bias and some cases of AKI might have
been missed. Patients declared dead upon hospital
arrival or at the accident scene were not included in the
Trauma Registry Database and the outcomes that
included late mortality was not analyzed, which poten-
tially biases the assessment of mortality.

Conclusion
Patients with post-traumatic AKI presented with signifi-
cantly older age, higher incidence rates of pre-existing
comorbidities, different bodily injury patterns, and

higher injury severity than those patients without AKI.
These patients with post-traumatic AKI had longer
hospital and ICU stays, higher proportion of patients
admitted to the ICU, and higher mortality than those
without AKI. However, an association of shock with
post-traumatic AKI could not be identified.

Additional file

Additional file 1: Table S1. Associated injuries among the trauma
patients with or without AKI. (DOCX 17 kb)
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Abstract: Background: The purpose of this study was to use a propensity score-matched analysis to
investigate the association between the Osteoporosis Self-Assessment Tool for Asians (OSTA) scores
and clinical outcomes of patients with isolated moderate and severe traumatic brain injury (TBI).
Methods: The study population comprised 7855 patients aged ≥40 years who were hospitalized for
treatment of isolated moderate and severe TBI (an Abbreviated Injury Scale (AIS) ≥3 points only in
the head and not in other regions of the body) between 1 January 2009 and 31 December 2014. Patients
were categorized as high-risk (OSTA score < −4; n = 849), medium-risk (−4 ≤ OSTA score ≤ −1;
n = 1647), or low-risk (OSTA score > −1; n = 5359). Two-sided Pearson’s chi-squared, or Fisher’s
exact tests were used to compare categorical data. Unpaired Student’s t-test and Mann-Whitney U
test were performed to analyze normally and non-normally distributed continuous data, respectively.
Propensity score-matching in a 1:1 ratio was performed using NCSS software, with adjustment for
covariates. Results: Compared to low-risk patients, high- and medium-risk patients were significantly
older and injured more severely. The high- and medium-risk patients had significantly higher
mortality rates, longer hospital length of stay, and a higher proportion of admission to the intensive
care unit than low-risk patients. Analysis of propensity score-matched patients with adjusted
covariates, including gender, co-morbidity, blood alcohol concentration level, Glasgow Coma Scale
score, and Injury Severity Score revealed that high- and medium-risk patients still had a 2.4-fold
(odds ratio (OR), 2.4; 95% confidence interval (CI), 1.39–4.15; p = 0.001) and 1.8-fold (OR, 1.8; 95% CI,
1.19–2.86; p = 0.005) higher mortality, respectively, than low-risk patients. However, further addition
of age as a covariate for the propensity score-matching demonstrated that there was no significant
difference between high-risk and low-risk patients or between medium-risk and low-risk patients,
implying that older age may contribute to the significantly higher mortality associated with a lower
OSTA score. Conclusions: Older age may be able to explain the association of lower OSTA score and
higher mortality rates in patients with isolated moderate and severe TBI.

Keywords: Osteoporosis Self-Assessment Tool for Asians (OSTA); mortality; traumatic brain injury
(TBI); injury severity score (ISS); osteoporosis
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1. Introduction

Osteoporosis causes increased susceptibility to fragility fractures and has rapidly become a
growing global health issue as the elderly population increases [1]. It is projected that the total
burden of osteoporosis will grow by almost 50%, from >2 million fractures in 2005 to >3 million
fractures by 2025 [2]. To identify women at risk for osteoporosis in the Asian region, the World Health
Organization (WHO) developed the Osteoporosis Self-Assessment Tool for Asians (OSTA) score, which
is calculated using the following formula: (body weight (kg) − age (years)) × 0.2 [3]. Three categories of
patients were arbitrarily created using the index: patients at high-risk (OSTA score < −4), medium-risk
(−4 ≤ OSTA score ≤ −1), or low-risk (OSTA score > −1) for osteoporosis [4,5]. The risk of osteoporosis
in the high-, medium- and low- risk patients was found to be 61%, 15% and 3%, respectively [3,6].
The OSTA score has a significant positive correlation with the T-scores of bone mineral density as
measured by dual-energy X-ray absorptiometry [7,8], and has been validated as an effective and feasible
screening method in many Asian countries [3,6,7,9–14] to identify both men and women [4,8,15,16]
with low bone mineral density who are at risk for osteoporosis.

Traumatic brain injury (TBI) accounts for about 30% of all injury deaths and is a major cause of
death in the United States [17]. TBI is also a major cause of disability and death worldwide, particularly
among older adults [18]. A recent study indicated that a lower OSTA score is an independent risk
factor for TBI and is an indication of poorer recovery in patients with isolated, moderate TBI [19].
The osteoporosis and the recovery from TBI have multiple risk factors in common, such as age,
estrogen, and vitamin D [19], however, the association between lower OSTA and the recovery of TBI
is unknown. Furthermore, whether lower OSTA scores are associated with higher mortality in TBI
patients is unexplored. In this study, we hypothesized that the patients with a lower OSTA score are
associated with a worse outcome following a moderate or severe TBI. To avoid the confounding effects
of other injuries and risk factors, this study investigated the association between OSTA score and
mortality among cases of isolated moderate and severe TBI from a Level I trauma center by using
propensity score-matched analysis.

2. Methods

Study Design

This study was approved by the Institutional Review Board (IRB) of the Chang Gung Memorial
Hospital with the approval number 201600348B0. The informed consent was waived according to
the hospital IRB regulations. In this study, the patient cohort included those who were ≥40 years
of age and hospitalized for treatment of moderate and severe TBI, defined as an Abbreviated Injury
Scale (AIS) score ≥3 points in the head (moderate TBI, AIS 3–4; severe TBI, AIS 5) [20]. To avoid the
confounding effect of injuries to other body regions, the polytrauma patients [21] who had additional
AIS scores ≥3 points in any other region of the body were excluded from the study. The OSTA
score was calculated based on age (years) and body weight (kilogram), using the following formula:
(body weight (kg) – age (year)) × 0.2 [3]. Patients who had sustained a burn injury (n = 258)
or whose registered data were incomplete (n = 546) were excluded. Among all 23,705 patients
who were enrolled in the Trauma Registry System between 1 January 2009 and 31 December 2015
(Figure 1), a total of 7855 patients were included in the study population. The population consisted
of (1) 849 high-risk patients (OSTA score < −4), (2) 1647 medium-risk patients (−4 ≤ OSTA score
≤ −1), and (3) 5359 low-risk patients (OSTA score > −1). The patient information retrieved from
the Trauma Registry System included: age; gender; co-morbidities such as diabetes mellitus (DM),
hypertension (HTN), coronary artery disease (CAD), congestive heart failure (CHF), cerebral vascular
accident (CVA), and end-stage renal disease (ESRD); blood alcohol concentration (BAC) level; Glasgow
Coma Scale (GCS) score upon arrival to the emergency department (ED); Injury Severity Score (ISS);
TBI-related diagnoses such as epidural hematoma (EDH), subdural hematoma (SDH), subarachnoid
hemorrhage (SAH), intracerebral hematoma (ICH), and cerebral contusion; in-hospital mortality;



Int. J. Environ. Res. Public Health 2016, 13, 1203 3 of 14

length of stay (LOS) in hospital; and the number of patients admitted into the intensive care unit
(ICU). For the patients who died during the hospitalization, their lengths of stay were included
in the analysis. The ISS is expressed as the median and interquartile range (IQR) with first to
third quartile (Q1–Q3). The IBM SPSS Statistics for Windows, v. 20.0 (IBM Corp., Armonk, NY, USA)
was used for data collection and analysis. Categorical data were compared by two-sided Pearson’s
chi-squared test or Fisher’s exact test. Odds ratios (ORs) of the associated conditions and injuries of
the patients were calculated with 95% confidence intervals (CIs). The continuous data were expressed
as mean ± standard deviation. Continuous data with normal and non-normal distribution were
analyzed with unpaired Student’s t-test and Mann-Whitney U test, respectively. The primary outcome
was in-hospital mortality. The secondary outcomes were LOS in hospital and proportion of patients
requiring admission to the ICU. To minimize the confounding effects of non-randomized assignment
of OSTA grouping on the outcome assessment, NCSS software v. 10 (NCSS Statistical Software,
Kaysville, UT, USA) was used to calculate the propensity score with adjustments for patient age,
gender, co-morbidities, BAC, GCS, and ISS. According to the calculated propensity score, a separate
1:1 matched set of comparable study populations for the high-risk vs. low-risk and the medium-risk
vs. low-risk patients was created by the greedy method and a 0.2 caliper width. Conditional logistic
regression was performed to assess the effect of OSTA-related grouping on the patient outcomes.
p-values < 0.05 were considered statistically significant.
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Figure 1. Flow chart of the studied trauma patients with isolated moderate and severe TBI. TBI:
traumatic brain injury; OSTA: Osteoporosis Self-Assessment Tool for Asians.

3. Results

3.1. Characteristics and Injury Severity of Patients

The mean age of high- and medium-risk patients was significantly higher than that of low-risk
patients (Table 1). There were significantly more female patients in the high- and medium-risk patient
groups than in the low-risk patient group. Both high- and medium-risk patients had higher odds of
DM, HTN, CAD, and CVA than low-risk patients. High-risk patients, but not medium-risk patients,
also had higher odds of CHF and ESRD than low-risk patients. In addition, a significantly lower
level of BAC and incidence of BAC ≥50 mg/dL was found in both high- and medium-risk patients
compared to low-risk patients. GCS scores were significantly lower both in high- and medium-risk
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patients compared to those of low-risk patients, with a significantly higher incidence of GCS ≤8 and
between 9–12, but a lower incidence of GCS ≥13 in high- and medium-risk patients. A significantly
lower ISS was found in high-risk patients and medium-risk patients than in low-risk patients. When
stratified by ISS (<16, 16–24 or ≥25), fewer high-risk and medium-risk patients had an ISS of <16
compared to low-risk patients. In contrast, more high-risk patients and medium-risk patients had an
ISS of 16–24 or an ISS ≥25 than low-risk patients.

3.2. Patient Outcomes

Compared to low-risk patients, high- and medium-risk patients had a 5.3-fold (OR, 5.3; 95% CI,
3.76–7.49; p < 0.001) and 3.1-fold (OR, 3.1; 95% CI, 2.23–4.29; p < 0.001) higher mortality, respectively.
A significantly longer LOS in hospital was found in high-risk patients (mean, 9.8 days) and medium-risk
patients (mean, 9.0 days) than in low-risk patients (mean, 8.2 days). In addition, a significantly higher
proportion of high-risk (38.5%) and medium-risk patients were admitted to the ICU (23.9%) relative to
low-risk patients (14.9%). There was no significant difference in rates of EDH between high-risk and
low-risk patients or between medium-risk and low-risk patients. However, high-risk and medium-risk
patients had greater odds of SDH (3.7 and 1.9, respectively), SAH (1.6 and 1.3, respectively), ICH
(3.0 and 1.4, respectively), and cerebral contusion (2.7 and 1.6, respectively) than low-risk patients.

Regarding the fatality of different types of trauma injury to the brain including EDH, SDH, SAH,
ICH, and cerebral contusion (Table 2), both high-risk patients and medium-risk patients had higher
odds of mortality than low-risk patients. However, the higher odds were only significant in high-risk
patients who sustained EDH, SDH, or cerebral contusion and in medium-risk patients who sustained
EDH, SDH, SAH, or ICH.

3.3. Outcome of Propensity Score-Matched Analysis

A separate set of propensity score-matched comparable study populations for high- and
medium-risk vs. low-risk patients, respectively, was created for the comparison of OSTA score
effect on the outcome. In these pairs of propensity score-matched patients, there was no significant
difference in gender, co-morbidity, BAC, GCS, and ISS. Because age is an inherent component in the
calculation of OSTA score, it was not included as an adjusted covariate at the beginning of propensity
score-matched analysis. The primary and secondary outcome was compared in the 756 well-balanced
pairs of high-risk and low-risk patients (Table 3) and 1570 well-balanced pairs of medium-risk and
low-risk patients (Table 4).

The high- and medium-risk patients still had a 2.4-fold (OR, 2.4; 95% CI, 1.39–4.15; p = 0.001) and
1.8-fold (OR, 1.8; 95% CI, 1.19–2.86; p = 0.005) higher mortality, respectively, than low-risk patients.
However, the high- and medium-risk patients did not differ significantly in terms of hospital LOS or
the proportion of ICU admission, implying that the aforementioned difference in hospital LOS and
proportion of ICU admission observed between high-risk and low-risk patients as well as between
medium-risk and low risk patients may be attributed to gender, pre-existing co-morbidities, and
associated injury severity. Regarding the fatality of different types of trauma injury to the brain, which
included EDH, SDH, SAH, ICH, and cerebral contusion, although both high-risk patients (Table 5) and
medium-risk patients (Table 6) in the propensity score-matched patient population had a higher odds
of mortality than low-risk patients, none of the differences were statistically significant. This implies
that the higher odds of mortality in high- and medium-risk patients compared to that in low-risk
patients could not be explained only by the trauma injury to the brain. However, further addition
of age as an adjusted covariate for the propensity score-matched groups of patients demonstrated
that there were no significant differences of ICU admission between high-risk and low-risk patients
(OR, 1.4; 95% CI, 0.89–2.07; p = 0.160) (Table 7) or between medium-risk and low-risk patients (OR, 1.2;
95% CI, 0.95–1.47; p = 0.145) (Table 8). These findings imply that older age may contribute to the
significantly higher mortality associated with a lower OSTA score.
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Table 1. Demographics and injury characteristics of high-risk, medium-risk, and low-risk patients with isolated moderate and severe traumatic brain injury (TBI).

Variables High Risk OSTA < −4
n = 849 (I)

Medium Risk
−4 ≤ OSTA ≤ −1

n = 1647 (II)

Low Risk OSTA > −1
n = 5359 (III)

Odds Ratio (95% CI)
I vs. III p Odds Ratio (95% CI)

II vs. III p

Age 79.7 ± 6.9 68.1 ± 8.0 54.1 ± 8.8 - <0.001 - <0.001

Gender <0.001 <0.001

Female 550 (64.8) 1015 (61.6) 2071 (38.6) 2.9 (2.51–3.40) 2.6 (2.28–2.86)
Male 299 (35.2) 632 (38.4) 3288 (61.4) 0.3 (0.29–0.40) 0.4 (0.35–0.44)

Co-Morbidity

Diabetes mellitus (DM) 155 (18.3) 397 (24.1) 800 (14.9) 1.3 (1.05–1.54) 0.013 1.8 (1.58–2.07) <0.001
Hypertension (HTN) 440 (51.8) 720 (43.7) 1490 (27.8) 2.8 (2.41–3.24) <0.001 2.0 (1.80–2.26) <0.001
Coronary artery disease (CAD) 70 (8.2) 96 (5.8) 146 (2.7) 3.2 (2.39–4.31) <0.001 2.2 (1.70–2.88) <0.001
Congestive heart failure (CHF) 22 (2.6) 18 (1.1) 36 (0.7) 3.9 (2.30–6.72) <0.001 1.6 (0.93–2.89) 0.087
Cerebral vascular accident (CVA) 87 (10.2) 128 (7.8) 112 (2.1) 5.3 (4.00–7.15) <0.001 3.9 (3.04–5.12) <0.001
End-stage renal disease (ESRD) 4 (0.5) 4 (0.2) 3 (0.1) 8.5 (1.89–37.83) 0.009 4.3 (0.97–19.44) 0.058
Blood alcohol concentration (BAC) (mg/dL) 0.9 ± 13.0 2.9 ± 23.5 14.5 ± 55.7 - <0.001 - <0.001
BAC ≥ 50 mg/dL, n (%) 5 (0.6) 27 (1.6) 375 (7.0) 0.1 (0.03–0.19) <0.001 0.2 (0.15–0.33) <0.001

Glasgow coma scale (GCS) 13.7 ± 2.8 14.1 ± 2.5 14.4 ± 2.1 - <0.001 - <0.001

≤8 70 (8.2) 93 (5.6) 230 (4.3) 2.0 (1.52–2.65) <0.001 1.3 (1.04–1.71) 0.022
9–12 63 (7.4) 85 (5.2) 156 (2.9) 2.7 (1.98–3.62) <0.001 1.8 (1.39–2.38) <0.001
≥13 716 (84.3) 1469 (89.2) 4973 (92.8) 0.4 (0.34–0.52) <0.001 0.6 (0.53–0.77) <0.001

Injury severity score (ISS), median
(interquartile range (IQR)) 8 (4–16) 4 (4–12) 4 (4–8) - <0.001 - <0.001

<16 553 (65.1) 1287 (78.1) 4682 (87.4) 0.3 (0.23–0.32) <0.001 0.5 (0.45–0.60) <0.001
16–24 238 (28.0) 288 (17.5) 555 (10.4) 3.4 (2.83–4.01) <0.001 1.8 (1.57–2.14) <0.001
≥25 58 (6.8) 72 (4.4) 122 (2.3) 3.1 (2.28–4.34) <0.001 2.0 (1.46–2.64) <0.001

Mortality, n (%) 61 (7.2) 71 (4.3) 77 (1.4) 5.3 (3.76–7.49) <0.001 3.1 (2.23–4.29) <0.001

Length of stay (LOS) in hospital (days) 9.8 ± 11.2 9.0 ± 10.5 8.2 ± 9.0 - <0.001 - 0.010

Intensive care unit (ICU) admission, n (%) 325 (38.3) 393 (23.9) 796 (14.9) 3.6 (3.04–4.16) <0.001 1.8 (1.57–2.06) <0.001

Head trauma, n (%)

Epidural hematoma (EDH) 45 (5.3) 53 (3.2) 219 (4.1) 1.3 (0.95–1.83) 0.103 0.8 (0.58–1.06) 0.110
Subdural hematoma (SDH) 259 (30.5) 309 (18.8) 570 (10.6) 3.7 (3.11–4.37) <0.001 1.9 (1.67–2.26) <0.001
Subarachnoid hemorrhage (SAH) 137 (16.1) 231 (14.0) 588 (11.0) 1.6 (1.28–1.91) <0.001 1.3 (1.12–1.56) 0.001
Intracerebral hematoma (ICH) 59 (6.9) 57 (3.5) 130 (2.4) 3.0 (2.19–4.12) <0.001 1.4 (1.05–1.98) 0.023
Cerebral contusion 116 (13.7) 144 (8.7) 296 (5.5) 2.7 (2.16–3.40) <0.001 1.6 (1.33–2.02) <0.001
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Table 2. Mortality rate of different types of trauma injury to the brain in high-risk, medium-risk, and low-risk patients.

Mortality Rate
High Risk OSTA < −4

n = 849 (I)

Medium Risk
−4 ≤ OSTA ≤ −1

n = 1647 (II)

Low Risk OSTA > −1
n = 5359 (III)

Odds Ratio (95% CI)
I vs. III p Odds Ratio (95% CI)

II vs. III p

Head trauma, n (%)

Epidural hematoma (EDH) 10/45 (22.2) 12/53 (22.6) 22/219 (10.0) 2.6 (1.12–5.86) 0.023 2.6 (1.20–5.72) 0.013
Subdural hematoma (SDH) 39/259 (15.1) 50/309 (16.2) 52/570 (9.1) 1.8 (1.13–2.75) 0.011 1.9 (1.27–2.92) 0.002
Subarachnoid hemorrhage (SAH) 13/137 (9.5) 31/231 (13.4) 31/588 (5.3) 1.9 (0.96–3.70) 0.063 2.8 (1.65–4.70) <0.001
Intracerebral hematoma (ICH) 10/59 (16.9) 11/57 (19.3) 11/130 (8.5) 2.2 (0.88–5.53) 0.085 2.6 (1.05–6.38) 0.034
Cerebral contusion 22/116 (19.0) 12/144 (8.3) 14/296 (4.7) 4.7 (2.32–9.59) <0.001 1.8 (0.82–4.07) 0.133

Table 3. Outcome of the high-risk and low-risk patients before and after propensity score-matching with adjustment of the covariates including gender, co-morbidity,
BAC, GCS, and ISS.

Variables

Before Matching After Matching

High Risk OSTA < −4
n = 849

Low Risk OSTA > −1
n = 5359

Odds Ratio
(95% CI) p High Risk OSTA < −4

n = 756
Low Risk OSTA > −1

n = 756
Odds Ratio

(95% CI) p

Gender

Female 550 (64.8) 2071 (38.6) 2.9 (2.51–3.40)
<0.001

474 (62.7) 474 (62.7) 1.0 (0.81–1.23)
1.000Male 299 (35.2) 3288 (61.4) 0.3 (0.29–0.40) 282 (37.3) 282 (37.3) 1.0 (0.81–1.23)

Co-Morbidity

DM 155 (18.3) 800 (14.9) 1.3 (1.05–1.54) 0.013 131 (17.3) 131 (17.3) 1.0 (0.77–1.31) 1.000
HTN 440 (51.8) 1490 (27.8) 2.8 (2.41–3.24) <0.001 372 (49.2) 372 (49.2) 1.0 (0.82–1.22) 1.000
CAD 70 (8.2) 146 (2.7) 3.2 (2.39–4.31) <0.001 41 (5.4) 41 (5.4) 1.0 (0.64–1.56) 1.000
CHF 22 (2.6) 36 (0.7) 3.9 (2.30–6.72) <0.001 8 (1.1) 8 (1.1) 1.0 (0.37–2.68) 1.000
CVA 87 (10.2) 112 (2.1) 5.3 (4.00–7.15) <0.001 49 (6.5) 49 (6.5) 1.0 (0.66–1.51) 1.000
ESRD 4 (0.5) 3 (0.1) 8.5 (1.89–37.83) 0.009 0 (0.0) 0 (0.0) - -
BAC (mg/dL) 0.9 ± 13.0 14.5 ± 55.7 - <0.001 0.8 ± 11.9 0.7 ± 10.7 - 0.881
GCS 13.7 ± 2.8 14.4 ± 2.1 - <0.001 14.0 ± 2.5 14.0 ± 2.5 - 0.560

ISS, median (IQR) 8 (4–16) 4 (4–8) - <0.001 6 (4–16) 6 (4–16) - 0.889

Mortality, n (%) 61 (7.2) 77 (1.4) 5.3 (3.76–7.49) <0.001 44 (5.8) 19 (2.5) 2.4 (1.39–4.15) 0.001

LOS in hospital (days) 9.8 ± 11.2 8.2 ± 9.0 - <0.001 9.4 ± 10.7 10.2 ± 10.5 - 0.131

ICU admission, n (%) 325 (38.3) 796 (14.9) 3.6 (3.04–4.16) <0.001 264 (34.9) 256 (33.9) 1.0 (0.85–1.30) 0.665
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Table 4. Outcome of medium-risk and low-risk patients before and after propensity score-matching with adjustment of the covariates including gender, co-morbidity,
BAC, GCS, and ISS.

Variables

Before Matching After Matching

Medium Risk
−4 ≤ OSTA ≤ −1

n = 1647

Low Risk OSTA > −1
n = 5359

Odds Ratio
(95% CI) p

Medium Risk
−4 ≤ OSTA ≤ −1

n = 1570

Low Risk OSTA > −1
n = 1570

Odds Ratio
(95% CI) p

Gender

Female 1015 (61.6) 2071 (38.6) 2.6 (2.28–2.86)
<0.001

974 (62.0) 974 (62.0) 1.0 (0.87–1.16)
1.000Male 632 (38.4) 3288 (61.4) 0.4 (0.35–0.44) 596 (38.0) 596 (38.0) 1.0 (0.87–1.16)

Co-Morbidity

DM 397 (24.1) 800 (14.9) 1.8 (1.58–2.07) <0.001 364 (23.2) 364 (23.2) 1.0 (0.85–1.18) 1.000
HTN 720 (43.7) 1490 (27.8) 2.0 (1.80–2.26) <0.001 68 (42.5) 68 (42.5) 1.0 (0.87–1.15) 1.000
CAD 96 (5.8) 146 (2.7) 2.2 (1.70–2.88) <0.001 64 (4.1) 64 (4.1) 1.0 (0.70–1.42) 1.000
CHF 18 (1.1) 36 (0.7) 1.6 (0.93–2.89) 0.087 6 (0.4) 6 (0.4) 1.0 (0.32–3.11) 1.000
CVA 128 (7.8) 112 (2.1) 3.9 (3.04–5.12) <0.001 83 (5.3) 83 (5.3) 1.0 (0.73–1.37) 1.000
ESRD 4 (0.2) 3 (0.1) 4.3 (0.97–19.44) 0.058 0 (0.0) 0 (0.0) - -
BAC (mg/dL) 2.9 ± 23.5 14.5 ± 55.7 - <0.001 2.9 ± 23.5 2.9 ± 23.8 - 0.956
GCS 14.1 ± 2.5 14.4 ± 2.1 - <0.001 14.2 ± 2.4 14.3 ± 2.2 - 0.336

ISS, median (IQR) 4 (4–12) 4 (4–8) - <0.001 4 (4–10) 4 (4–10) - 0.754

Mortality, n (%) 71 (4.3) 77 (1.4) 3.1 (2.23–4.29) <0.001 58 (3.7) 32 (2.0) 1.8 (1.19–2.86) 0.005

LOS in hospital (days) 9.0 ± 10.5 8.2 ± 9.0 - 0.010 8.9 ± 10.1 9.2 ± 10.0 - 0.429

ICU admission, n (%) 393 (23.9) 796 (14.9) 1.8 (1.57–2.06) <0.001 360 (22.9) 348 (22.2) 1.0 (0.88–1.24) 0.608

LOS in ICU (days) 8.8 ± 12.5 7.2 ± 8.9 - 0.027 8.5 ± 12.2 7.3 ± 8.1 - 0.123
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Table 5. Mortality rate of different types of trauma injury to the brain in high-risk vs. low-risk patients.

Mortality Rate
Before Matching After Matching

High Risk OSTA < −4
n = 849

Low Risk OSTA > −1
n = 5359

Odds Ratio
(95% CI) p High Risk OSTA < −4

n = 756
Low Risk OSTA > −1

n = 756
Odds Ratio

(95% CI) p

Head trauma, n (%)

Epidural hematoma
(EDH) 10/45 (22.2) 22/219 (10.0) 2.6 (1.12–5.86) 0.023 4/31 (12.9) 6/53 (11.3) 1.2 (0.30–4.48) 1.000

Subdural hematoma
(SDH) 39/259 (15.1) 52/570 (9.1) 1.8 (1.13–2.75) 0.011 4/28 (14.3) 6/56 (10.7) 1.4 (0.36–5.39) 0.725

Subarachnoid
hemorrhage (SAH) 13/137 (9.5) 31/588 (5.3) 1.9 (0.96–3.70) 0.063 4/25 (16.0) 7/59 (11.9) 1.4 (0.38–5.34) 0.725

Intracerebral
hematoma (ICH) 10/59 (16.9) 11/130 (8.5) 2.2 (0.88–5.53) 0.085 7/49 (14.3) 4/35 (11.4) 1.3 (0.35–4.80) 0.756

Cerebral contusion 22/116 (19.0) 14/296 (4.7) 4.7 (2.32–9.59) <0.001 3/10 (30.0) 3/15 (20.0) 1.7 (0.27–11.92) 0.653

Table 6. Mortality rate of different types of trauma injury to the brain in medium-risk vs. low-risk patients.

Mortality Rate

Before Matching After Matching

Medium Risk
−4 ≤ OSTA ≤ −1

n = 1647

Low Risk OSTA > −1
n = 5359

Odds Ratio
(95% CI) p

Medium Risk
−4 ≤ OSTA ≤ −1

n = 1570

Low Risk OSTA > −1
n = 1570

Odds Ratio
(95% CI) p

Head trauma, n (%)

Epidural hematoma
(EDH) 12/53 (22.6) 22/219 (10.0) 2.6 (1.20–5.72) 0.013 12/50 (24.0) 10/79 (12.7) 2.2 (0.86–5.51) 0.095

Subdural hematoma
(SDH) 50/309 (16.2) 52/570 (9.1) 1.9 (1.27–2.92) 0.002 41/280 (14.6) 24/249 (9.6) 1.6 (0.94–2.75) 0.080

Subarachnoid
hemorrhage (SAH) 31/231 (13.4) 31/588 (5.3) 2.8 (1.65–4.70) <0.001 27/216 (12.5) 14/223 (6.3) 2.1 (1.00–4.19) 0.052

Intracerebral
hematoma (ICH) 11/57 (19.3) 11/130 (8.5) 2.6 (1.05–6.38) 0.034 10/53 (18.9) 6/60 (10.0) 2.1 (0.71–6.22) 0.177

Cerebral contusion 12/144 (8.3) 14/296 (4.7) 1.8 (0.82–4.07) 0.133 10/138 (7.2) 9/143 (6.3) 1.2 (0.46–2.96) 0.751
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Table 7. Outcome of the high-risk and low-risk patients before and after propensity score-matching with adjustment of the covariates including age and other variables.

Variables

Before Matching After Matching

High Risk OSTA < −4
n = 849

Low Risk OSTA > −1
n = 5359

Odds Ratio
(95% CI) p High Risk OSTA < −4

n = 203
Low Risk OSTA > −1

n = 203
Odds Ratio

(95% CI) p

Age 79.7 ± 6.9 54.1 ± 8.8 - <0.001 72.5 ± 5.6 72.2 ± 5.5 - 0.663

Gender <0.001 1.000

Female 550 (64.8) 2071 (38.6) 2.9 (2.51–3.40) 120 (59.1) 120 (59.1) 1.0 (0.67–1.49)
Male 299 (35.2) 3288 (61.4) 0.3 (0.29–0.40) 83 (40.9) 83 (40.9) 1.0 (0.67–1.49)

Co-Morbidity

DM 155 (18.3) 800 (14.9) 1.3 (1.05–1.54) 0.013 46 (22.7) 46 (22.7) 1.0 (0.63–1.59) 1.000
HTN 440 (51.8) 1490 (27.8) 2.8 (2.41–3.24) <0.001 93 (45.8) 93 (45.8) 1.0 (0.68–1.48) 1.000
CAD 70 (8.2) 146 (2.7) 3.2 (2.39–4.31) <0.001 14 (6.9) 14 (6.9) 1.0 (0.46–2.16) 1.000
CHF 22 (2.6) 36 (0.7) 3.9 (2.30–6.72) <0.001 1 (0.5) 1 (0.5) 1.0 (0.06–16.10) 1.000
CVA 87 (10.2) 112 (2.1) 5.3 (4.00–7.15) <0.001 6 (3.0) 6 (3.0) 1.0 (0.32–3.15) 1.000
ESRD 4 (0.5) 3 (0.1) 8.5 (1.89–37.83) 0.009 0 (0.0) 0 (0.0) - -
BAC (mg/dL) 0.9 ± 13.0 14.5 ± 55.7 - <0.001 1.5 ± 15.0 0.0 ± 0.0 - 0.147
GCS 13.7 ± 2.8 14.4 ± 2.1 - <0.001 14.2 ± 2.1 14.1 ± 2.7 - 0.625

ISS, median (IQR) 8 (4–16) 4 (4–8) - <0.001 5 (4–16) 5 (4–16) - 0.660

Mortality, n (%) 61 (7.2) 77 (1.4) 5.3 (3.76–7.49) <0.001 6 (3.0) 9 (4.4) 0.7 (0.23–1.88) 0.430

LOS in hospital (days) 9.8 ± 11.2 8.2 ± 9.0 - <0.001 9.7 ± 9.8 10.3 ± 12.5 - 0.631

ICU admission, n (%) 325 (38.3) 796 (14.9) 3.6 (3.04–4.16) <0.001 68 (33.5) 55 (27.1) 1.4 (0.89–2.07) 0.160
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Table 8. Outcome of the medium-risk and low-risk patients before and after propensity score-matching with adjustment of the covariates including age and
other variables.

Variables

Before Matching After Matching

Medium Risk
−4 ≤ OSTA ≤ −1

n = 1647

Low Risk OSTA > −1
n = 5359

Odds Ratio
(95% CI) p

Medium Risk
−4 ≤ OSTA ≤ −1

n = 1055

Low Risk OSTA > −1
n = 1055

Odds Ratio
(95% CI) p

Age 68.1 ± 8.0 54.1 ± 8.8 - <0.001 64.5 ± 6.8 64.4 ± 6.7 - 0.747

Gender <0.001 1.000

Female 1015 (61.6) 2071 (38.6) 2.6 (2.28–2.86) 665 (63.0) 665 (63.0) 1.0 (0.84–1.19)
Male 632 (38.4) 3288 (61.4) 0.4 (0.35–0.44) 390 (37.0) 390 (37.0) 1.0 (0.84–1.19)

Co-Morbidity

DM 397 (24.1) 800 (14.9) 1.8 (1.58–2.07) <0.001 216 (20.5) 216 (20.5) 1.0 (0.81–1.24) 1.000
HTN 720 (43.7) 1490 (27.8) 2.0 (1.80–2.26) <0.001 398 (37.7) 398 (37.7) 1.0 (0.84–1.19) 1.000
CAD 96 (5.8) 146 (2.7) 2.2 (1.70–2.88) <0.001 37 (3.5) 37 (3.5) 1.0 (0.63–1.59) 1.000
CHF 18 (1.1) 36 (0.7) 1.6 (0.93–2.89) 0.087 1 (0.1) 1 (0.1) 1.0 (0.06–16.01) 1.000
CVA 128 (7.8) 112 (2.1) 3.9 (3.04–5.12) <0.001 31 (2.9) 31 (2.9) 1.0 (0.60–1.66) 1.000
ESRD 4 (0.2) 3 (0.1) 4.3 (0.97–19.44) 0.058 0 (0.0) 0 (0.0) - -
BAC (mg/dL) 2.9 ± 23.5 14.5 ± 55.7 - <0.001 3.7 ± 27.0 3.0 ± 25.0 - 0.506
GCS 14.1 ± 2.5 14.4 ± 2.1 - <0.001 14.4 ± 2.1 14.4 ± 2.1 - 0.581

ISS, median (IQR) 4 (4–12) 4 (4–8) - <0.001 4 (4–9) 4 (4–9) - 0.431

Mortality, n (%) 71 (4.3) 77 (1.4) 3.1 (2.23–4.29) <0.001 29 (2.7) 20 (1.9) 1.5 (0.82–2.60) 0.193

LOS in hospital (days) 9.0 ± 10.5 8.2 ± 9.0 - 0.010 8.3 ± 8.9 8.5 ± 9.0 - 0.583

ICU admission, n (%) 393 (23.9) 796 (14.9) 1.8 (1.57–2.06) <0.001 208 (19.7) 182 (17.3) 1.2 (0.95–1.47) 0.145



Int. J. Environ. Res. Public Health 2016, 13, 1203 11 of 14

4. Discussion

This study compared the clinical outcome of patients hospitalized for isolated moderate and
severe TBI with the risk of osteoporosis as determined by OSTA score. Compared to low-risk patients,
high- and medium-risk patients were significantly older and predominantly female; presented with
higher incidences of co-morbidity; were injured more severely; and had greater odds of SDH, SAH,
ICH, and cerebral contusion. The high- and medium-risk patients had significantly higher mortality
rate, longer hospital LOS, and higher proportion of patients admitted to the ICU than low-risk
patients. To reduce bias caused by confounding from non-random assignment of baseline covariates,
including gender, co-morbidity, BAC, GCS, and ISS, well-balanced propensity score-matched patients
were selected for analysis. The analysis revealed that high- and medium-risk patients still had a
higher mortality than low-risk patients. However, further addition of age as an adjusted covariate
for the propensity score-matching demonstrated that there were no significant differences between
high-risk and low-risk patients or between medium-risk and low-risk patients, implying older age
may contribute to the significantly higher mortality observed among high- and medium-risk patients.

To reduce the bias caused by confounding factors in observational studies, the propensity score
analysis has become a common method for adjusting for confounders [22]. As a balancing score,
the propensity score method helps to assign a conditional distribution of pre-exposure characteristics,
given that the propensity score is the same for the exposed and unexposed groups [23]. In this
study, age, gender, co-morbidity, BAC, GCS, and ISS were used as covariates for the propensity
score-matching. In addition to being comorbidities, GCS and ISS have been well recognized as
independent risk factors for mortality due to TBI [24–27]; gender and BAC also may have a significant
effect on the mortality of patients who sustained TBI [28,29]. In a retrospective study of 1627 TBI
patients, female patients had a significantly higher mortality (3.4% vs. 1.6%, p = 0.048) [30]. Patients
who consumed alcohol tended to experience lower moderate-to-severe TBI injuries [31]. Furthermore,
some studies demonstrated a beneficial effect of alcohol on patients with TBI, which could not be
explained by the associated lower injury severity to the brain [32,33]. In this study, higher-risk
and medium-risk patients, with adjusted estimate of covariates, had 2.4-fold and 1.8-fold higher
mortality, respectively, than low-risk patients. However, no significant difference in mortality was
found regarding the mortality rates associated with different types of trauma injury to the brain,
implying that the higher odds of mortality in high- and medium-risk patients compared to that in
low-risk patients could not be explained only by the effect of trauma injury to the brain.

Furthermore, in addition to TBI, age is a strong, independent prognostic factor [34,35]. Mortality
rates of patients who sustained TBI with AIS ≥ 3 is higher in the geriatric population independent
of the type of head trauma injury [34]. Following TBI, varied ages had been reported as the critical
threshold from 35 [36], 40 [37], 50 [38], or 60 [39] years for an associated poor prognosis. Even in terms
of late mortality, in a multivariate Cox regression analysis of 2545 patients who received rehabilitation
for severe TBI and were discharged alive, an age ≥35 years was the strongest predictor of mortality,
with a nearly threefold increased risk of mortality reported than those who had an age less than
35 years [40]. In this study, it is expected that high- and medium-risk patients were older and thus had
a higher mortality than low-risk patients. When the comparison was made between the propensity
score-matched patients, adjusted for age and other covariates, no significant difference was found
between high-risk and low-risk patients or between medium-risk and low-risk patients, implying
older age contributed to the association of lower OSTA score with higher mortality among patients
with isolated moderate and severe TBI.

In this study, we did not find that a lower OSTA score would contribute to a higher mortality
in patients with isolated moderate and severe TBI. This result seemed to be contradictory to the
results reported by Chao et al., which stated that a lower OSTA score acts as an independent risk
factor and predicts poorer recovery in patients with isolated, moderate TBI [19]. However, the study
used the Glasgow outcome score (GOS) as the primary outcome and they compared groups who
had a good recovery (GOS of 5) and inadequate recovery (GOS 1–4) with moderate TBI patients who
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had GCS scores between 9 and 13 [19]. In contrast, our study evaluated the association between
isolated TBI with AIS scores ≥3 points in the head with mortality (a more detrimental result) as the
outcome measurement. In addition, their study only included 107 patients with isolated, moderate
TBI and used univariate and multivariate logistic regression for the analysis. In their study, younger
age was recognized to be associated with better outcomes in the univariate, but not multivariate
logistic regression. In contrast, another study found that a higher OSTA score was a risk factor
for predicting a good recovery using univariate and multivariate analysis [19]. Obviously, as a
major component in the calculation of OSTA score, age was intrinsically linked to the OSTA score
in the statistical analysis. In our study, a total of 7855 patients were enrolled in the study group
and the analysis was performed using the propensity score-matching to attenuate the baseline
confounding effect. In this study, the older age may be able to explain the association of lower
OSTA scores with higher mortality in patients with isolated moderate and severe TBI. Furthermore, in
the age-included propensity score-matched analysis, in contrast to a higher risk of mortality (OR, 1.5;
95% CI, 0.82–2.60) for medium-risk patients than low-risk patients, a lower risk of mortality (OR, 0.7;
95% CI, 0.23–1.88) for high-risk patients than low-risk patients was even found, albeit there were
statistically non-significant. Notably, in the 756 pairs of age-not-included propensity score-matched
analysis, the high-risk patients had a 2.4-fold (OR, 2.4; 95% CI, 1.39–4.15) higher mortality than
low-risk patients, but in the age-included propensity score-matching only 203 pairs of high-risk vs.
low-risk patients were analyzed, the number of pairs of high-risk vs. low-risk patients (n = 203) in the
age-included propensity score-matched analysis is far less than that of the pairs of patients (n = 756) in
the age-not-included propensity score-matching and may present as a selection bias. We suspected the
above lower risk of mortality of high-risk vs. low-risk patients may be attributed to a selection bias,
seeing the low-risk patients selected for matched analysis would be much older and comprise only
some portion of the low-risk study population.

Our study has some other limitations that should be acknowledged. First, there is an inherent
selection bias because of the retrospective design. Second, the descriptive study lacked important
information regarding the indication and type of surgery performed on patients, thus we could only
assume that there was uniform assessment and management of patients. Third, discrimination of age
and other covariates are obvious between high-risk, medium-risk, and low-risk patients. However,
excellent discrimination of the propensity score model could lead to little or even no overlap of the
estimated propensity score between the exposure and control groups. Propensity score-matched 203 and
1055 pairs of patients were created, respectively, adjusting for age and other covariates. When using
propensity scores with high discrimination to create a matched sample, there would be a small number of
exposure and control group subjects that could be matched, leaving few subjects in the study sample for
further comparison [22]. Using a propensity score estimated from a model with very good or excellent
discrimination, the estimates of treatment effect could be biased. Fourth, the patients declared dead on
hospital arrival or at the accident scene were not included in the Trauma Registry Database, which may
have led to bias. Finally, aside from mortality, it is important to evaluate other outcomes, such as medical,
socioeconomic, and rehabilitation measures, which could not be included in this study.

5. Conclusions

The propensity score-matched analysis revealed that older age may be able to explain the association
of lower OSTA scores with higher mortality in patients with isolated moderate and severe TBI.
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