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Introduction

Objective assessment of the severity of trauma is necessary for patient triage, outcome comparison, and quality as-
sessment. The trauma scoring system was originally developed to categorize patients on scene. There are several scor-
ing systems, such as Abbreviated Injury scale (AIS), Injury Severity score (ISS), Glasgow Coma scale (GCS), Revised 
Trauma score (RTS), and Trauma and Injury Severity score (TRISS). 

Multiple trauma patients usually visit the intensive care unit (ICU) after resuscitation, emergency operation, or inter-
vention. Postinjury multiple-organ failure remains the most important cause of late trauma deaths, leading to a signifi-
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Background: The Acute Physiology and Chronic Health Evaluation (APACHE) II scoring system and the Sequential Organ Failure As-
sessment (SOFA) scoring system are widely used for critically ill patients. We evaluated whether APACHE II score and SOFA score pre-
dict the outcome for trauma patients in the intensive care unit (ICU).
Methods: We retrospectively analyzed trauma patients admitted to the ICU in a single trauma center between January 2014 and 
December 2015. The APACHE II score was figured out based on the data acquired from the first 24 hours of admission; the SOFA score 
was evaluated based on the first 3 days in the ICU. A total of 241 patients were available for analysis. Injury Severity score, APACHE II 
score, and SOFA score were evaluated. 
Results: The overall survival rate was 83.4%. The non-survival group had a significantly high APACHE II score (24.1 ± 8.1 vs. 12.3 ± 7.2, 
P < 0.001) and SOFA score (7.7 ± 1.7 vs. 4.3 ± 1.9, P < 0.001) at admission. SOFA score had the highest areas under the curve (0.904). 
During the first 3 days, SOFA score remained high in the non-survival group. In the non-survival group, cardiovascular system, neuro-
logical system, renal system, and coagulation system scores were significantly higher.
Conclusions: In ICU trauma patients, both SOFA and APACHE II scores were good predictors of outcome, with the SOFA score being 
the most effective. In trauma ICU patients, the trauma scoring system should be complemented, recognizing that multi-organ failure 
is an important factor for mortality. 
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cant use of intensive care resources [1]. To date, prospec-
tive analyses that compare standard trauma scores and 
scores designated for the critically ill are missing. Stud-
ies on ICU scoring generally contain multiple-trauma 
patients only as subgroups [2,3].

The Acute Physiology and Chronic Health Evaluation 
II (APACHE II) score uses a point-score system based on 
patient’s age, physiologic measurement, and medical his-
tory. This system is able to classify a variety of patients 
depending on the prognosis due to the intensive relation-
ship between acute physiologic dysfunction and the risk 
of death due to illness [4]. 

At first, The Sequential Organ Failure Assessment 
(SOFA) score was used to describe critically ill patients 
in the ICU. It is not used as a categorical cutoff point to 
clarify multi-organ failure; rather, it is used as a cease-
less descriptive variable for continuous monitoring [5]. 
An increase in SOFA score during the early ICU period 
predicts a high mortality rate [6].

These models were designed for critically ill patients. 
We aimed to analyze the effectiveness of these indicators 
in predicting the outcome for patients who visited the 
ICU due to severe trauma compared to the trauma scor-
ing system. 

Materials and Methods

We retrospectively analyzed trauma patients admitted 
to the ICU of a single trauma center between January 
2014 and December 2015. The inclusion criteria were 
as follows: patients who had at least 15 ISS points were 
18 years of age or older, and were in the ICU for more 
than 72 hours. The non-mechanical trauma mechanism 
(burns, hanging, electrocution, poisoning, or drowning) 
and missing data were excluded. Patients with major 
head injury (AIS of head ≥4) were also excluded, owing 
to different physiologic responses to severe trauma and 
a significantly different mortality and morbidity profile 
[7]. Retrospective chart review was performed, and ISS, 
APACHE II score, and SOFA score were evaluated using 

patient data. These scores were compared between two 
groups: the survivors group and the non-survivors group.

ISS and TRISS were obtained from emergency room 
admission data. The APACHE II score was calculated 
based on the data obtained from the first 24 hours of ICU 
admission. The SOFA score was evaluated based on the 
first 3 days in the ICU. APACHE II uses a point score 
based on the initial values of 12 routine physiologic 
measurements (body temperature, mean arterial blood 
pressure, heart rate, respiratory rate, oxygenation, arte-
rial PH, hematocrit, white blood cell count, serum levels 
of sodium, potassium, creatinine, and GCS), age, as well 
as previous health status to provide a general measure 
of disease severity [4]. We used the worst value for each 
variable. SOFA is composed of scores from six organ 
systems (respiratory, cardiovascular, hepatic, coagula-
tion, renal, and neurological), graded from 0 to 4 by de-
gree of dysfunction [6]. We calculated the SOFA score as 
described by Vincent et al. [8].

A univariate analysis was performed with the Student 
t-test for continuous variables or the chi-square test for 
categorical variables. The receiver’s operating character-
istic was calculated for each score, and the areas under 
the curve (AUC) were compared to determine which 
scores were useful for predicting mortality. Statistical 
significance was accepted at P < 0.05.

Results

A total of 241 patients were included during the study 
period. Of these, 241 trauma patients were enrolled; the 
overall survival rate was 83.4%. Mortality was assessed 
at 28 days. We divided these patients into two groups: the 
survival group and the non-survival group. There were 
no differences in age, sex, or mechanism between the two 
groups. There was a difference in the number of days with 
a ventilator (4.4 days vs. 11.8 days, P = 0.001), the amount 
of blood transfused during the initial  4 hours (3.32 units 
vs. 9.4 units, P < 0.001), and the amount of transfusion for 
24 hours (2.45 units vs. 13.6 units, P < 0.001) in the sub-
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groups (Table 1).
Comparing the scores between the two groups, the non-

survival group showed higher scores on both APACHE 

II (24.1 vs. 12.3, P < 0.001) and SOFA (7.7 vs. 4.3, P < 
0.001). Moreover, there were significant differences in 
TRISS (49.5 vs. 83.6, P < 0.001), ISS (29.5 vs. 24.7, P = 
0.002), and RTS (4.32 vs. 6.92, P < 0.001) (Table 2).

The AUC of the receiver operating characteristic was 
calculated to compare the capability of each scoring sys-
tem to predict death. The SOFA score, APACHE II score, 
TRISS, and ISS were 0.904, 0.859, 0.147, and 0.613, re-
spectively. The SOFA score was the highest at 0.904 (P < 
0.001) (Figure 1). Using the cutoff point, the sensitivity 
and specificity of each scoring system were compared. 
The scores for SOFA sensitivity and specificity were 83% 
and 86%, respectively, which were superior compared to 
the other scoring systems (Table 3).

During the first 3 days, SOFA score remained high in 
the non-survival group (day 1, 3.85 vs. 6.75, P < 0.001; 
day 2, 4.54 vs. 8.07, P < 0.001; day 3, 4.43 vs. 8.45, P < 
0.001). Cardiovascular system (0.57 vs. 2.95, P < 0.001), 
neuromuscular system (1.54 vs. 3.60, P < 0.001), renal 
system (0.08 vs. 0.40, P < 0.001), coagulation system 

Table 1. Demographic characteristics of survivors and non-survivors

Characteristic Survivor (n = 201) Non-survivor (n = 40) P-value

Age (yr) 51.4  54.7 0.246

Male sex (%) 70 75 0.578

ICU stay (d) 10.4  14.1 0.188

Ventilator day  4.4  11.8 0.001

Transfusion in the first 4 hr (unit of RBCs) 3.32   9.4 <0.001

Transfusion in the first 24 hr (unit of RBCs) 2.45  13.6 <0.001

Mechanism (blunt, %) 98  92.5 0.058

ICU: intensive care unit; RBC: red blood cell.

Table 2. Mean scores for TRISS, APACHE II, SOFA, ISS, and RTS

Variable Survivor (n = 201) Non-survivor (n = 40) P-value

TRISS 83.6 ± 21.9 49.5 ± 31.2 <0.001

APACHE II 12.3 ± 7.2 24.1 ± 8.0 <0.001

SOFA (mean) 4.3 ± 1.9 7.7 ± 1.7 <0.001

ISS 24.7 ± 8.2 29.5 ± 12.3 0.002

RTS 6.92 ± 1.4 4.32 ± 2.5 <0.001

Values are presented as mean ± standard deviation.
TRISS: Trauma and Injury Severity score; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; ISS: Injury Severity 
score; RTS: Revised Trauma score.

Figure 1. Receiver operating characteristic (ROC) curves for 
APACHE II, SOFA (mean), TRISS, and ISS. SOFA: Sequential Or-
gan Failure Assessment; APACHE: Acute Physiology and Chronic 
Health Evaluation; ISS: Injury Severity score; TRISS: Trauma and 
Injury Severity score.
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(0.67 vs. 1.00, P = 0.037) scores were all significantly 
higher in the non-survival group (Table 4).

Discussion 

Trauma is a significant health problem, as it is a major 
cause of death in younger adults and adolescents. The 
mortality of severely injured patients is reported to vary 

from 7% to 45% [9]. The reason for this variance is that 
there may be a difference in the quality of management 
between centers and between countries, as well as dif-
ferences in individual patient characteristics. Trauma 
scoring systems should provide indices that overcome 
these differences. We need a system that can accurately 
quantify injury, evaluate outcomes, and evaluate thera-
peutic quality [10,11]. Over the past 30 years, variant 
trauma scoring systems have been developed. Most of 

Table 4. Severity value of SOFA scores for each organ during the first 3 days

Day SOFA score Survivor Non-survivor P-value

Day 1 SOFA score 3.85 6.75  <0.001

   Respiratory system 0.43 0.40 0.509

   Coagulation 0.67 1.00  0.037

   Liver 0.19 0.35  0.117

   Cardiovascular system 0.57 2.95  <0.001

   Neurological system 1.54 3.60  <0.001

   Renal system 0.08 0.40  <0.001

Day 2 SOFA score 4.54 8.07  <0.001

   Respiratory system 0.43 0.57  0.299

   Coagulation 1.27 1.75  0.007

   Liver 0.35 0.43  0.618

   Cardiovascular system 0.37 2.73  <0.001

   Neurological system 1.35 3.70  <0.001

   Renal system 0.10 0.63  <0.001

Day 3 SOFA score 4.43 8.45  <0.001

   Respiratory system 0.40 0.43  0.844

   Coagulation 1.37 1.90  0.001

   Liver 0.38 0.53  0.259

   Cardiovascular system 0.25 2.53  <0.001

   Neurological system 1.15 3.63  <0.001

   Renal system 0.12 0.98  <0.001

SOFA: Sequential Organ Failure Assessment.

Table 3. Comparison of scoring system predictive values 

Variable Cutoff point P-value Sensitivity (%) Specificity (%) AUC

TRISS 78.5 <0.001 25 21 0.147

ISS 25.5 0.024 58 61 0.613

APACHE II 54.7 <0.001 80 79 0.859

SOFA  6.5 <0.001 83 86 0.904

AUC: areas under the curve; TRISS: Trauma and Injury Severity score; ISS: Injury Severity score; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Se-
quential Organ Failure Assessment.
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these systems are designed with anatomical or physi-
ological components, and there are some scoring systems 
that combine the two components. However, there is still 
no accurate system that has been widely accepted. Physi-
ological disorder as well as anatomical injury also affect 
post-traumatic mortality. In particular, physiologic disar-
rangement has a significant impact on late mortality and 
multi-organ failure. Therefore, the addendum of physi-
ological data to the scoring systems is crucial [9].

In this study, we compared the scores of SOFA, 
APACHE II, and TRISS; all three scoring systems were 
significantly able to predict death. The AUC of SOFA 
was the highest with 0.904, followed by APACHE II 
(AUC, 0.859), and TRISS was the lowest with 0.147. The 
SOFA score was not naturally designed to predict mortal-
ity [8]. It was designed to describe the degree of organ 
failure in critical patients with a high risk of many organ 
dysfunctions. However, even in patients with critically ill 
patients or multiple trauma groups, SOFA predicts out-
comes well [3,6,12]. Antonelli et al. [13] concluded that 
SOFA score may be helpful to find out multiple trauma 
patients with poor prognosis and a higher probability of 
prolonged ICU stay. Hwang et al. [14] reported that the 
SOFA score was helpful in forecasting the result of ICU 
trauma patients. And, SOFA scoring system is simple and 
can easily be compared with other scoring systems. 

In our study, we excluded severe head trauma (AIS of 
head ≥4). But, neuromuscular system scores were signifi-
cantly higher in the non-survival group during the first 
3 days. The non-survival group had more shock state 
patients, traumatic brain injury (AIS ≤3) patients, and 
diffuse axonal injury patients who were not confirmed by  
magnetic resonance imaging and were missing from AIS 
coding.

APACHE II has been shown to be a significant predic-
tor of outcomes for ICU trauma patients. Hwang et al. 
[14] reported that APACHE II scores were practical for 
predicting the outcomes of ICU trauma patients (52.4% 
sensitivity, 94.8% specificity, and 86% accuracy). In 
addition, Wong et al. [15] said that APACHE II scores 
accurately predicted mortality in ICU trauma patients. 

APACHEII has several advantages over TRISS. Physi-
ologic components have 12 in APACHEII, whereas 
TRISSI has three. It has been demonstrated that physi-
ologic measurement has a significant impact on the result 
of ICU patients [16]. It also includes underlying diseases. 
This can improve the predictive power for ICU trauma 
patients. Milzman et al. [17] concluded that preinjury 
illness had a significantly disadvantage on survival of 
trauma patients.

The APACHE II score was developed for critically ill 
patients with different clinical features from trauma pa-
tients. Because APACHE II considers only patient status 
in the ICU, the possibility of death may be underesti-
mated if the patient is stabilized through resuscitation in 
the emergency room [9]. Additionally, anatomical com-
ponents are absent in the APACHE II system. McAnena 
et al. [18] reported that although APACHE II may well 
determine the acute status of patients with chronic medi-
cal disease, it is necessary to complement anatomical 
components. However, this study included patients who 
died within the first 24 hours of visiting the emergency 
room. The APACHE II system is also effective in trauma 
patients in the ICU, except for early death, as shown in 
this study.

TRISS unites RTS, ISS, patient’s age, and the type of 
injury [19]. It has been widely used to assess traumas and 
to predict outcomes [15]. However, it does not include an 
assessment of chronic health status. TRISS also contains 
only three physiological factors [9].

In this study, TRISS had the lowest predictive power 
for mortality. This is probably because the study groups 
were included for more than 3 days, except for cases 
with early death due to trauma. Initial physiologic state 
and injury severity are also important in this group; how-
ever, multi-organ failure is more influential for mortality 
in late deaths. Multi-organ failure is still considered the 
main cause of late post-injury mortality [20]. Ciesla et al. 
[7] reported the proportion of multi-organ failure in high-
risk trauma patients was 25%. Moreover, posttraumatic 
multi-organ failure caused approximately 51% of late 
trauma deaths. Norris et al. [21] concluded that TRISS 
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should progress for more meaningful interpretation.
There are several limitations to consider when inter-

preting our results. Our study was limited to a cohort 
from a single center. The study period was relatively 
short, only 2 years. The number of patients was not large, 
and we included only patients who were admitted to the 
ICU. We excluded patients who died within 72 hours 
after ICU admission. Excluding early death was done to 
compare APACHE II, SOFA, and TRISS for measuring 
late death in ICU. Follow-up study involving early death 
and late death will be needed in the future. And large-
scale prospective studies should be performed to better 
determine more accurate and complementary predictors. 
In conclusion, in ICU trauma patients, both SOFA and 
APACHE II scores were good predictors of outcome. 
SOFA was the most effective among them. In ICU trau-
ma patients, predictors should complement the trauma 
scoring system, with recognition that multi-organ failure 
is an important factor in mortality. 
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