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Original Article
Model for predicting the injury severity score

Shuichi Hagiwara,'? Kiyohiro Oshima,’? Masato Murata,"? Minoru Kaneko,'?
Makoto Aoki,"? Masahiko Kanbe,** Takuro Nakamura,'? Yoshio Ohyama,?* and
Jun’ichi Tamura??

Departments of 'Emergency Medicine and *General Medicine, Gunma University Graduate School of Medicine;
and Emergency and General Medical Center, Gunma University Hospital, Maebashi, Gunma, Japan

Aim: To determine the formula that predicts the injury severity score from parameters that are obtained in the emergency department
at arrival.

Methods: We reviewed the medical records of trauma patients who were transferred to the emergency department of Gunma
University Hospital between January 2010 and December 2010. The injury severity score, age, mean blood pressure, heart rate,
Glasgow coma scale, hemoglobin, hematocrit, red blood cell count, platelet count, fibrinogen, international normalized ratio of pro-
thrombin time, activated partial thromboplastin time, and fibrin degradation products, were examined in those patients on arrival. To
determine the formula that predicts the injury severity score, multiple linear regression analysis was carried out. The injury severity
score was set as the dependent variable, and the other parameters were set as candidate objective variables. IBM spss Statistics 20
was used for the statistical analysis. Statistical significance was set at P < 0.05. To select objective variables, the stepwise method was
used.

Results: A total of 122 patients were included in this study. The formula for predicting the injury severity score (ISS) was as follows:
ISS = 13.252-0.078(mean blood pressure) + 0.12(fibrin degradation products). The P-value of this formula from analysis of variance was
<0.001, and the multiple correlation coefficient (R) was 0.739 (R? = 0.546). The multiple correlation coefficient adjusted for the degrees
of freedom was 0.538. The Durbin-Watson ratio was 2.200.

Conclusions: A formula for predicting the injury severity score in trauma patients was developed with ordinary parameters such as
fibrin degradation products and mean blood pressure. This formula is useful because we can predict the injury severity score easily in
the emergency department.
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INTRODUCTION one of the most widely used scoring tools for trauma. The
ISS is calculated as the sum of the square of the highest
abbreviated injury score of each part of the body. However,
the ISS cannot be obtained immediately after arrival at the
hospital because detailed evaluation with image examina-
tions such as roentgenogram, ultrasound, and/or computed
tomography is required for calculation of the ISS. Emer-
gency physicians and trauma surgeons have to carry out the
initial evaluation with the suspected ISS of the patients. In
our previous study, we reported that the blood levels of fibrin
degradation products (FDP) and D-dimer upon arrival at
the hospital reflected the severity of trauma and those
parameters were directly related with the ISS.? However, the
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RAUMA IS THE main cause of death in young people in
Japan, that carries the country’s social future. In particu-

lar, mortality rises in patients with multiple traumas. Emer-
gency physicians and trauma surgeons devote themselves to

eradicate preventable trauma death. Grasping the severity of
trauma patients precisely and quickly after arrival at the
hospital is important in the management of trauma patients.
The injury severity score (ISS) developed by Baker ef al.'

is a score that reflects the severity of multiple traumas, and is
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PATIENTS AND METHODS

HE PROTOCOL OF this study was approved without
the need for informed consent by the research ethics
board of The Gunma University Hospital (Maebashi, Japan).
We reviewed the medical records of trauma patients who
were transferred to the emergency department of Gunma
University Hospital between January 2010 and December
2010. The exclusion criteria were set as follows: patients
who received blood transfusion and/or other procedures
at another hospital before being transferred to our hospital,
and patients with conditions and/or diseases that resulted in
coagulation abnormality such as blood disease, advanced
malignant tumor, pregnancy, severe hepatic dysfunction, and
taking anticoagulant agents.

We reviewed the heart rate, mean blood pressure (mBP),
Glasgow coma scale, hematocrit, hemoglobin, red blood
cell count, platelet count, international normalized ratio of
prothrombin time, activated partial thromboplastin time,
fibrinogen, and FDP levels in those patients upon arrival at
our hospital. The hematocrit, hemoglobin, and platelet count
were measured with the fluoro-flow cytometry method using
an XE-5000 (Sysmex, Kobe, Japan), and international
normalized ratio of prothrombin time, activated partial
thromboplastin time, FDP, and fibrinogen were measured
using the CS-2000i (Sysmex); FDP was measured by the
immunoturbidimetric method.

In addition, the patients’ ISS was calculated using the
method of Baker etal.! We evaluated the relationships
between the ISS and other factors to find useful parameters
reflecting the severity of trauma immediately after transpor-
tation to the hospital.

Statistical analysis

The relationships between the ISS and other parameters were
analyzed by linear regression analysis.

To determine the formula that predicts the ISS, multiple
linear regression analysis was carried out. The ISS was set as
the dependent variable, and the other parameters were set as
candidate objective variables. To select objective variables,
the stepwise method was used. Multicollinearity was evalu-
ated by the variance inflation factor, and autocorrelation was
evaluated by the Durbin—Watson ratio. IBM (Tokyo, Japan)
SPsS Statistics 20 was used for the statistical analysis. Sta-
tistical significance was assumed to be present at P < 0.05.

RESULTS

TOTAL OF 738 patients with trauma were transferred
to our emergency department between January 2010
and December 2010. This study included 122 patients with

Table 1. Characteristics of trauma patients who came to the
emergency department of Gunma University Hospital,
January-December 2010 (n = 122)

Median Interquartile R for ISS
range

1SS 4.00 9.00 1.000
Age, years 51.00 38.80 0.175
HR, b.p.m. 81.50 23.30 -0.181*
mBP, mmHg 104.50 28.20 —0.406**
GCS 15.00 1.00 —0.446%*
Ht, % 40.90 6.30 —0.293**
Hb, g/dL 14.10 2.60 —-0.040
RBC, x10%/uL 4.50 0.80 —0.053
PIt, x10%uL 21.10 6.00 0.083
Fib, mg/dL 243.00 88.00 —0.284**
PT-INR 1.01 0.01 0.497**
APTT, s 30.40 5.35 0.485**
FDP, ug/mL 4.95 13.10 0.710**

*P < 0.05, **P<0.01. APTT, activated partial thromboplastin
time; FDP, fibrin degradation products; Fib, fibrinogen; GCS,
Glasgow coma scale; Hb, hemoglobin; HR, heart rate; Ht, hema-
tocrit; ISS, injury severity score; mBP, mean blood pressure; PIt,
platelet count; PT-INR, international normalized ratio of pro-
thrombin time; RBC, red blood cell count.

trauma. The other 616 patients were excluded based on the
criteria described above. They were all civilian. The causes
of trauma were as follows: traffic accident, 59 patients;
fall, 37; sports, 6; assault, 4; self-injury, 4; and other, 12.
The male/female ratio was 74/48, and the mean age of
the patients was 51.4 £21.9 (range, 7-89) years old. Four
patients (3.3%) died in our hospital and 118 patients (96.7%)
were discharged alive from our hospital.

Table 1 shows the median and interquartile range of each
parameter, and Pearson’s correlation coefficient between the
ISS and each parameter.

The results of multiple linear regression analysis are
shown in Table 2. The ISS prediction model is as follows;

ISS=13.252-0.078 xmBP +0.12x FDP

The P-value of this model based on ANOVA <0.001, and the
multiple correlation coefficient (R) was 0.739; therefore, R?
was 0.546. The multiple correlation coefficient adjusted for
the degrees of freedom was 0.538. The Durbin—Watson ratio
was 2.200. There was one outlier over 3SD (Standard Devia-
tion). Figure 1 shows the scatter plot of residual error
between the ISS and the predicted ISS calculated by this
predictive model. A scatter plot of both the actual and pre-
dicted ISS values is shown in Figure 2.
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Table 2. Multiple linear regression analysis for predicting the injury severity score in trauma patients

PRC Standardized
PRC

P-value

95% Cl VIF

Lower Upper

Invariable 13.252
mBP -0.078 -0.216
FDP 0.120 0.646

<0.01 8.178

<0.01 0.096

18.325
—-0.032 1.095
0.144 1.095

0.01 -0.124

Cl, confidence interval; FDP, fibrin degradation products; mBP, mean blood pressure; PRC, partial regression coefficient; VIF, variance inflation

factor.
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Fig. 1. Scatter plot of residual error between the injury severity
score (ISS) and predicted ISS in trauma patients on arrival at the
emergency department (n = 122), calculated by the predictive
formula: 1SS =13.252 - 0.078 x mean blood pressure + 0.12 x
fibrin degradation products.

DISCUSSION

HE PHYSIOLOGICAL EVALUATION of patients is

one of the most important tasks carried out in the emer-
gency room. The clinical guidelines for trauma, such as the
Advanced Trauma Life Support and Japan Advanced Trauma
Evaluation and Care recommend that physicians evaluate
physiological findings first and resuscitate if necessary, and
assess anatomical findings second. These useful guidelines
make great contributions to reducing preventable trauma
death. However, it is difficult to find all traumas in the initial
evaluation, even if the clinical examinations are carried out
according to the diagnostic guidelines. Additionally, there
are patients who have no complaints and are asymptomatic at
arrival even though they are injured. To reduce the overlook-
ing of trauma, we paid attention to blood coagulation upon
arrival at the emergency department. We previously reported
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Fig. 2. Scatter plot of both the actual and predicted injury sever-
ity scores (ISS) in trauma patients on arrival at the emergency
department (n=122), calculated by the predictive formula:
ISS = 13.252 — 0.078 x mean blood pressure + 0.12 x fibrin deg-
radation products.

that FDP and D-dimer levels of the patients who died and/or
required massive transfusion were higher than those of other
patients in that study. We also reported that the serum levels
of FDP and D-dimer were correlated with the ISS and these
levels at arrival could be used to detect concealed trauma.?

The ISS is one of the most common and famous scoring
systems to evaluate the severity of multiple injuries and has
been used widely throughout the world.! The ISS was a
breakthrough because ISS made it possible to stratify
patients who had a variety of organ trauma attributable to a
number of causes. The trauma and injury severity score
(TRISS) is a mathematical regression model that predicts the
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probability of survival in injured patients, and can be calcu-
lated based on the type of injury, the revised trauma score,
the patient’s age, and the ISS. Based on this calculated
probability of survival, the patient’s actual outcome (alive or
dead) can be compared with the predicted outcome, and this
ratio in a group of injured patients can be used as a measure
of quality of care.>* Thus, both the ISS and TRISS have
made great contributions to the development of traumatol-
ogy. However, the ISS has some problems. The ISS cannot be
used for the evaluation of trauma severity in the pre-hospital
situation and/or immediately after arrival to the hospital
because it shows only the results of anatomical evaluation
and does not include the results of physiological evaluation,
and cannot distinguish patients who are already in the shock
state on arrival at the hospital from those with normal vital
signs.

Some useful scoring systems of trauma such as the
International Classification of Diseases code-based Injury
Severity Score’ and the New Injury Severity Score® were
developed to improve the precision or to make calculation
easy. Recently, studies that compared the relative merits of
these scoring systems have been published,”'® and these new
scoring tools might be a little better than the ISS. However,
the ISS has been used more widely than the other scoring
systems up to the present because the difference between ISS
and the others is quite small. Aydin ef al.'"' mentioned in their
report that there was no significant difference when using
the New Injury Severity Score instead of the ISS to calculate
the TRISS, despite the fact that the ISS had been reported
approximately 40 years ago.

Although the ISS is a good scoring system for trauma
patients, the procedure for calculating the ISS is compli-
cated'? and it is not possible for physicians in the emergency
room to obtain the ISS of patients with trauma on arrival.

The ISS (and TRISS) reflect patients’ prognosis. We do
not decide to proceed to surgery or blood transfusion based
on the ISS or TRISS, however, to know the provability of
dying of trauma patients at arrival easily is useful for deci-
sion of treatment (for example, preparation of blood trans-
fusion and/or operation). If we could establish the ISS of a
trauma patient in the emergency department, it would be
useful because we are able to predict their prognosis more
easily. Therefore, we thought that it would be useful if there
was a method of predicting the level of ISS based on ordi-
nary clinical data. To our knowledge, there is no report
regarding such an idea. We used multiple linear regression
analysis to develop a predictive model as simple as possible.
For usefulness in clinical situations, the candidate objective
variables should be able to be obtained easily and quickly in
the emergency department. This model is remarkably simple
and needs only two objective variables, FDP and mBP, both

of which can be easily and quickly obtained in the emer-
gency department. The blood level of FDP has an equilateral
correlation with ISS and mBP has a negative correlation
with ISS; therefore, the partial regression coefficient of FDP
is positive and that of mBP is negative. The standardized
partial regression coefficient of FDP was 0.646, and that of
mBP was —0.216. The multiple correlation coefficient (R)
was 0.739 and it was thought that R is sufficiently high.
The Durbin—Watson ratio was 2.200 and this is close to 2.0.
Therefore, it is thought that this formula has predictive
value.

Limitations

This was a retrospective study, and the number of patients
was not large. Trauma patients in whom only the FDP level
in blood was examined were included in this study. Blood
examination was carried out in all patients at arrival,
however, the duration from injury to FDP measurement was
not considered. A large number of the cases analyzed in this
study were not severe and the patients did not require trans-
fusion and/or emergent surgical interventions. This study
might be useful only to comprehend the pathophysiology
of trauma patients, not to help clinical decision-making.
Further studies should be carried out in a multicenter setting.

CONCLUSION

E HAVE DEVELOPED a model to predict the ISS of

trauma patients easily and quickly in an emergency
situation. The model for predicting the ISS is as follows;
ISS =13.252 - 0.078 x mBP + 0.12 x FDP. This model is
useful because the ISS can be predicted using only the FDP
level and mBP, which are ordinary parameters in clinical
situations.
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