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Introduction

The ability to predict injury severity quickly and accurately should lead to improved patient outcomes. Patient treat-
ment and disposition (intensive care unit or ward) is determined by these initial assessments [1]. Several trauma scores 
have been developed to predict injury severity and the risk of mortality; the injury severity score (ISS) is the most com-
monly used. The ISS correlates with mortality, and severe trauma is defined as an ISS >15 [2]. Despite being commonly 
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Background: Initial evaluation of injury severity in trauma patients is an important and challenging task. We aimed to assess whether 
easily measurable biochemical parameters (hemoglobin, pH, and prothrombin time/international normalized ratio [PT/INR]) can pre-
dict in-hospital mortality in patients with severe trauma.
Methods: This retrospective study involved review of the medical records of 315 patients with severe trauma and an injury severity 
score >15 who were managed at Gyeongsang National University Hospital between January 2005 and December 2015. We extracted 
the following data: in-hospital mortality, injury severity score, and initial hemoglobin level, pH, and PT/INR. The predictive values of 
these variables were compared using receiver operation characteristic curves. 
Results: Of the 315 patients, 72 (22.9%) died. The in-hospital mortality rates of patients with hemoglobin levels <8.4 g/dl and ≥8.4 
g/dl were 49.8% and 9.9%, respectively (P < 0.001). At a cutoff hemoglobin level of 8.4 g/dl, the sensitivity and specificity values for 
mortality were 81.9% and 86.4%, respectively. At a pH cutoff of 7.25, the sensitivity and specificity values for mortality were 66.7% and 
77.8%, respectively; 66.7% of patients with a pH <7.25 died versus 22.2% with a pH ≥7.25 (P < 0.001). The in-hospital mortality rates 
for patients with PT/INR values ≥1.4 and <1.4 were 37.5% and 16%, respectively (P < 0.001; sensitivity, 37.5%; specificity, 84%). 
Conclusions: Using the suggested cutoff values, hemoglobin level, pH, and PT/INR can simply and easily be used to predict in-hospi-
tal mortality in patients with severe trauma. 
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used to predict mortality, there are limitations to using 
the ISS as a decision-making tool in the clinical setting. 
It is complex and time-consuming to calculate, and is 
therefore generally used for audit and research purposes 
rather than for clinical decision making [1]. To coun-
ter this disadvantage, several studies have attempted to 
identify biochemical markers that can be used to predict 
mortality [1,3].

The trauma triad for death in patients with severe 
traumatic injuries comprises hypothermia, acidosis, and 
coagulopathy. Severe hemorrhage in trauma reduces 
oxygen delivery and may lead to hypothermia, acidosis, 
and coagulopathy [3]. In 1982, Kashuk et al. [4] showed 
that a “bloody vicious cycle” involving hemorrhage and 
tissue injury in patients with severe trauma causes this 
predictable triad of complicating factors. They suggested 
that medical providers have an accurate understanding of 
the triad and that this understanding should serve as the 
cornerstone of all interventions provided to patients who 
have sustained severe traumatic injury. Based on this 
triad, we hypothesized that hemoglobin level (HbL), po-
tential of hydrogen level (pHL), and prothrombin time/
international normalized ratio (PT/INR) on arrival would 
be early predictors of mortality. We attempted to analyze 
the usefulness of these biochemical values as predictors 
of in-hospital mortality in severe trauma patients with 
an ISS >15, and analyzed the correlations between these 
values and the ISS. 

Materials and Methods

1) Study population
We retrospectively and consecutively evaluated all 

patients with an ISS >15 who were treated for severe 
trauma between January 2005 and December 2015 at 
Gyeongsang National University Hospital. We identi-
fied 454 eligible patients. We excluded patients who had 
penetrating injuries, those who were discharged from 
the emergency department, and those who received fluid 
in the field. Based on these criteria, 139 patients were 

excluded and 315 patients were finally included in our 
study (Figure 1). The medical records and electronic 
laboratory results were reviewed and data were extracted 
on demographics; mechanism of injury; ISS; HbL, pHL, 
and PT/INR on arrival at the emergency department; and 
in-hospital mortality. 

2) Treatment protocol
Since 2008, the center has provided a 24-hour service. 

During each shift, an emergency medicine specialist—
who acts as the trauma team’s leader—resides in the hos-
pital for the prompt treatment of trauma patients. Patients 
are classified as being “severe trauma patients” if they 
are expected, on initial examination by an emergency 
medicine specialist, to have an ISS >15. Patients classi-
fied as having severe trauma are examined within 1 hour, 
in cooperation with related departments, and most are 
admitted to the intensive care unit.

3) Definitions
The ISS is an anatomic scoring system that provides 

an overall score for patients with multiple injuries. Each 
injury is assigned an abbreviated injury scale score and 
is allocated to 1 of the following six body regions: head, 

428 Patients were severe trauma 
with ISS >15 

(Jun 2005–Dec 2016)

376 Patients remained

315 Patients were for analysis

52 Patients with penetrating  
injuries were excluded

61 Patients discharged from  
the emergency department  

were excluded

Figure 1. Outline of patient selection and exclusion. ISS: injury 
severity score.
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face, chest, abdomen, extremities (including the pelvis), 
and external. Only the highest abbreviated injury scale 
score for each body region is used. The three most se-
verely injured body regions have their scores squared 
and summed to produce the ISS score. Severe trauma is 
defined as an ISS >15 [2]. Cutoff values were estimated 
by using receiver operating characteristic (ROC) curves. 
The highest value of the sum of sensitivity and specific-
ity was defined as the cutoff value. Mortality was defined 
as all-cause in-hospital mortality; we did not evaluate 
specific causes of death.

4) Data analysis
Missing data were not replaced or imputed. We calcu-

lated P-values using Pearson chi-square test or Fisher 
exact for categorical variables, and continuous data were 
correlated using the Pearson correlation coefficient. A P-
value <0.05 was considered statistically significant. The 
predictive values of these variables were determined us-
ing ROC curves, with Bonferroni corrections performed 

for multiple comparisons. All statistical analyses were 
performed using SPSS version 24.0 (IBM Corp., Ar-
monk, NY, USA) and R version 3.3.4 for Windows (R 
Foundation for Statistical Computing, Vienna, Austria).

5) Ethics approval
This retrospective medical record review of the trauma 

registry at Gyeongsang National University Hospital was 
approved by Institutional Review Board (No. GNUH 
2017-06-024).

Results

Between January 2005 and December 2015, our hospi-
tal managed 315 patients with severe trauma. Of these, 
255 patients (81%) were male, 60 (19%) were female, 
and 72 (22.9%) died. Motor vehicle collisions were main 
cause of trauma (77%): these included car (21%), motor-
cycle (20%), pedestrian (19%), and cultivator (17%) ac-
cidents (Figure 2). The age, HbL, pHL, PT/INR, and ISS 
distributions are shown in Table 1. 

ROC curves were used to estimate the sensitivity, 
specificity, and cutoff values of HbL, pHL, and PT/INR 
to predict in-hospital mortality. The in-hospital mortal-
ity rate for severely injured trauma patients with an HbL 
<8.4 g/dl was 49.8%, compared with an in-hospital mor-
tality rate of 9.9% for those with an HbL ≥8.4 g/dl (P 
< 0.001; odds ratio [OR], 13.56). At this level, the HbL 
had a sensitivity of 81.9% and a specificity of 86.4% for 
mortality. Hence, an HbL of 8.4 g/dl was determined to 
be the cutoff value for in-hospital mortality. The posi-

Table  1. Distribution of age, hemoglobin, potential of hydrogen, INR, and ISS

Variable Median Minimum Maximum Interquartile range

Age (yr) 66 14 87  51–74

Hb (g/dl) 11.9 5.4 19.7 9.0–14.0

pH 7.37 6.89 7.55  7.25–7.42

PT/INR 1.22 0.90 2.85  1.11–1.38

ISS 36 17 59  33–43

INR: international normalized ratio; ISS: injury severity score; Hb: hemoglobin; PT: prothrombin time.

19%

21%

20%

17%

23%

Pedestrian

Car accident

Mortorcycle

Cultivator

Falls

Figure  2. Mechanism of injury.
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tive predictive value (PPV) was lower than expected 
at 59.8%, but the negative predictive value (NPV) was 
higher than expected at 90.1%. A pHL of 7.25 was 
evaluated as the cutoff value for in-hospital mortality, as 
66.7% of patients with a pHL <7.25 died versus 22.2% 
with a pHL ≥7.25 (P < 0.001; OR, 7.0). At this cutoff 
value, the sensitivity and specificity values were 66.7% 
and 77.8%, respectively. The PPV was once again low at 
47.1%, and the NPV was high at 88.7%. A PT/INR value 
of 1.4 was estimated as being the cutoff for in-hospital 
mortality, as 37.5% of patients with a PT/INR value 
≥1.4 died versus 16% with a PT/INR value <1.4 (P < 
0.001; OR, 3.14). At this cutoff value, the sensitivity was 
37.5%, specificity 84%, PPV 40.9%, and NPV 81.9%.

A low HbL was considerably more specific than a 
low pHL or elevated PT/INR for predicting in-hospital 
mortality (Table 2). Combining these three values in an 
analysis yielded the following results: 87.5% of patients 
with an HbL <8.4, pHL <7.25, and PT/INR level ≥1.4 
died. In contrast, 35.2% of patients who met only one or 
two of these three cutoff values died. This composite had 
a sensitivity of 36.8% and a specificity of 97.1% for mor-
tality; the PPV was 87.5% and the NPV 73.9% (Table 3).

The ROC was used to demonstrate the sensitivity and 
specificity of the HbL, pHL, PT/INR, and ISS for pre-
dicting in-hospital mortality (Figure 3). The HbL (area 
under the curve [AUC], 0.895) was a more significant 
biochemical predictor of in-hospital mortality than pHL 
(AUC, 0.736) and PT/INR (AUC, 0.593). Using Pearson 
correlation coefficients (Table 4), the ISS correlated sig-
nificantly with HbL, pHL, and PT/INR (P = 0.01).

AUC

Hb 0.895

INR 0.629

ISS 0.593

pH 0.736

1-Specificity
 0               0.2              0.4             0.6              0.8              1.0

1.0

0.8

0.6

0.4

0.2

0

Se
ns

itiv
ity

Figure 3. Receiver operation characteristic curves for in-hospital 
mortality. AUC, area under the curve; Hb: hemoglobin; INR, inter-
national normalized ratio; ISS, injury severity score. 

Table 2. Pairwise comparison of the AUC values

Variable Difference between AUC values Standard error Z P-value

Hb–pH 0.161 0.041 3.898 <0.001

HbL–PT/INR 0.302 0.043 7.084 <0.001

Hb–ISS 0.266  0.027 6.487 <0.001

pH–PT/INR 0.143 0.143 2.683  0.044

pH–ISS 0.107 0.107 2.059  0.237

PT/INR–ISS 0.036 0.036 0.672 1

AUC: area under the curve; Hb: hemoglobin; HbL: hemoglobin level; PT: prothrombin time; INR: international normalized ratio; ISS: injury severity score.

Table 3. The sensitivity, specificity, PPV, and NPV for in-hospital mortality

Variable Hb <8.4 g/dl pH <7.25 PT/INR ≥1.4 Composite groupa

Mortality (%) 49.8 66.7 37.5 87.5

Sensitivity (%) 81.9 66.7 37.5 36.8

Specificity (%) 86.4 77.8 84.0 97.1

PPV (%) 59.8 47.1 40.9 87.5

NPV (%) 90.1 88.7 81.9 73.9

PPV: positive predictive value; NPV: negative predictive value; Hb: hemoglobin; PT: prothrombin time; INR: international normalized ratio.
aPatients with an hemoglobin level <8.4 g/dl, potential of hydrogen level <7.25, and PT/INR level ≥1.4.
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Discussion

Several trauma scores have proven useful as indicators 
of mortality. These can be used to identify the severity of 
trauma injury and might influence therapeutic decisions. 
The ISS is one of these scores. Although numerous re-
cent publications have questioned its accuracy, it remains 
the most commonly used trauma score internationally 
[5,6]. The ISS can be used to identify patients with se-
vere traumatic injury, but it requires knowledge of all 
anatomical injuries [7]. Complete diagnosis of all injuries 
may take many hours after admission to the emergency 
department, thus, the usefulness of the score in clinical 
decision making is limited [1]. Because the ISS has such 
limitations, we hypothesized that HbL, pHL, and PT/INR 
value would be early predictors of mortality, based on the 
trauma triad of death [3,4]. We analyzed the correlations 
between in-hospital mortality and HbL, pHL, PT/INR, 
and ISS using ROC curves; all values were statistically 
significant (AUC: HbL, 0.895; pHL, 0.736; PT/INR, 
0.593; and ISS, 0.629). Pearson correlation coefficients 
showed that the ISS correlated significantly with HbL, 
pHL, and PT/INR level (P = 0.01).

Knottenbelt [8] suggested that the initial hemoglobin 

measurement may prove useful as a predictor of mortal-
ity in patients with severe traumatic injury. In that study, 
the initial HbLs of 1,000 patients were collected and ana-
lyzed; the mortality rate was higher in those with an HbL 
<8 g/dl than with an HbL ≥8 g/dl (P < 0.001). Knotten-
belt  [8] thus suggested that a low HbL observed soon af-
ter injury is usually an indicator of serious ongoing hem-
orrhage and has important implications for management 
and prognosis. Another study showed that hemorrhage 
in trauma patients is associated with an early decrease 
in HbL. An HbL ≤10 g/dl within the first 30 minutes of 
patient arrival will correctly identify the presence or ab-
sence of significant bleeding. Based on that finding, the 
authors suggested that a hemoglobin drop within minutes 
of sustaining injuries can predict mortality [9]. Similarly, 
we found that an HbL <8.4 g/dl predicted in-hospital 
mortality in patients with severe trauma (AUC, 0.895; P 
< 0.001).

Acidosis can induce organ dysfunction, affecting the 
heart, kidneys, and liver and can increase pulmonary vas-
cular resistance. This may result in hypoperfusion [10]. 
The utility of pH in the assessment of trauma patients 
has been debated in the literature [10-12]. Kaplan and 
Kellum [10] showed that the initial pH measured in the 
emergency department discriminated survivors from non-

Table 4. Pearson correlation coefficients

Variable Hb pH PT/INR ISS

Hb

   Pearson correlation 1   0.228a –0.154a –0.151a

   P-value (two-tailed) <0.001 0.006 0.007

pH

   Pearson correlation    0.228a 1 –0.202a –0.345a

   P-value (two-tailed)  <0.001 <0.001 <0.001

PT/INR

   Pearson correlation   –0.154a  –0.202a 1  0.223a

   P-value (two-tailed)   0.006 <0.001 <0.001

ISS

   Pearson correlation   –0.151a  –0.345a  0.223a 1

   P-value (two-tailed)   0.007 <0.001 <0.001

Hb: hemoglobin; PT: prothrombin time; INR: international normalized ratio; ISS: injury severity score.
aCorrelation is significant at the level P < 0.01 (two-tailed).
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survivors of major vascular injury. Other studies showed 
that acidemia was correlated with serum lactate—lactate 
levels were higher in patients with acidemia—and that in 
patients with severe trauma, metabolic acidosis was cor-
related with survival [11,12]. Those research findings are 
similar to ours. We found that academia (pH <7.25) on 
arrival can be used to predict in-hospital mortality, as it 
was correlated with in-hospital mortality in patients with 
severe traumatic injury (AUC, 0.736; P < 0.001).

Traumatic coagulopathy is a hypocoagulable state that 
occurs in most patients with severe trauma. Immediately 
after sustaining severe injury, hypoperfusion may induce 
coagulopathy. This coagulopathy is caused by increased 
anticoagulation and hyperfibrinolysis via increased pro-
duction of protein C and tissue plasminogen activators 
and decreased concentrations of plasminogen activator 
inhibitors and thrombin activatable fibrinolysis inhibi-
tors [13-15]. PT/INR is commonly measured in trauma 
patients; it is used as a measure of coagulopathy. Verma 
and Kole [16] published a study about the association 
between PT/INR and mortality in trauma patients. They 
analyzed 99 trauma patients and showed that the INR is 
a good predictor of mortality and has high diagnostic ac-
curacy. Peltan et al. [17] also showed that an INR-based 
definition of acute traumatic coagulopathy is associated 
with mortality. In their multicenter prospective obser-
vational study, acute traumatic coagulopathy (defined 
as a PT/INR >1.5) was significantly associated with all-
cause mortality (OR, 1.88; P < 0.001) [17]. In our study, 
the PT/INR cutoff value was ≥1.4, but this variable had 
relatively low statistical significance (AUC, 0.593; P < 
0.001).

Our study has several limitations. First, we only evalu-
ated trauma patients managed at a single hospital, which 
may have introduced selection bias and limits the ex-
trapolation of our findings to the entire population. Sec-
ond, the sample size was relatively small; larger studies 
are needed to validate our findings regarding the predic-
tors of mortality in patients with severe trauma. Third, 
our study was a retrospective evaluation, and as with all 
trauma registries, the accuracy of the recorded data may 

vary [18]. However, it should be noted that while the 
ISS can be a subjective measure, the HbL, pHL, and PT/
INR are objective measures. Moreover, the HbL, pHL, 
and PT/INR values were recorded more accurately than 
were the ISS scores. While this weakens the comparison 
between the variables, it strengthens the argument for the 
use of biochemical scores to predict mortality. Last, we 
excluded some patients from the study because they had 
received fluids in the field. We excluded these patients to 
prevent skewing the results based on presumed hemodi-
lution or the hyperchloremic acidosis that may be caused 
by rapid saline infusion [19]. 

Despite these limitations, this study is an important 
investigation of predictors associated with in-hospital 
mortality in patients with severe traumatic injury. Our 
study showed that initial HbL, pHL, and PT/INR were 
significant predictors of in-hospital mortality in severely 
injured trauma patients. Comparisons of these findings 
with those of other reports will enhance the prediction of 
mortality. We anticipate that these biochemical predic-
tors of in-hospital mortality can more easily be used in an 
emergency department setting. Our findings suggest that 
close monitoring should be considered for patients with se-
vere trauma and an HbL <8.4, pHL <7.25, or PT/INR ≥1.4.
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