
SOUTHEAST ASIAN J TROP MED PUBLIC HEALTH

188 Vol  35  No. 1  March  2004

Correspondence: Jongkol Podang, Department of Epi-
demiology, Faculty of Public Health, Mahidol Univer-
sity, 420/1 Rajvithi Road, Bangkok 10400, Thailand.
Tel: +66 (0) 2245-9673; Fax: +66 (0) 2248-3299
E-mail: Jongkolpo@yahoo.com

INTRODUCTION

Since 1982, survival probability has been
recommended as a tool to evaluate trauma care.
In the past decade many different survival prob-
ability models were developed to predict outcome
(survival/death) of trauma patients. One of these
models is the Trauma and Injury Severity Score
(TRISS), which was introduced, developed and
validated by Champion et al (1990). The model
included both anatomic and physical criteria, us-
ing logistic regression techniques to predict the
survival probability of trauma patients based on
the Revised Trauma Score (RTS), Injury Sever-
ity Score (ISS), the mechanism of injury (blunt/

penetrating) and the age of the patient. These pa-
rameters were used to calculate survival probabil-
ity and provided guidelines on how to improve
the quality of hospital care. The TRISS model
was utilized in two different evaluation methods.
The first is a PRElination evaluation, which is a
mean to support quality assurance activity, for
instance if the survival probability of the injured
patient is predicted by TRISS model to be >0.5
but the patient dies (unexpected outcome), then
it is worthwhile for the physician to investigate
the reasons for the unexpected outcome and re-
view the cause of death of this patient. The other,
the DEFinitive evaluation, is a statistical method
used to compare the outcomes (survive/death)
from the hospital with the baseline standard
(MTOS) of the patients (Champion et al, 1990).

The TRISS model was developed for use in
the US. This model should only be applied in the
area where the data were collected, or in the area
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which has the same survival probability distribu-
tion with the MTOS database. It would be incor-
rect to apply the TRISS model to a situation in
other areas or areas with different survival prob-
abilities. Survival probability models should be
adjusted to the situation in a given model and can
only be applied as it is in the country which has
the same survival probabilities under the assump-
tion that the variables of the TRISS model are
also equivalently meaningful to evaluate the
trauma care outside of the US (Jones et al, 1995).

A method was proposed to examine the simi-
larities of survival probabilities between MTOS
and the new data set. This M statistic is recom-
mended to compare these survival probabilities
(Boyd et al, 1987). However, the M statistic does
not follow any statistical distribution. The M sta-
tistic is not a formal statistical test for assessing
the significant difference between two survival
probability distributions. (Jones et al, 1995). How-
ever it is useful in revealing gross differences in
injury mix but does not measure the direction of
injury severity mismatch (Hollis et al, 1995).
Jones et al (1995) recommended the chi-square
goodness-of-fit test as a useful tool to compare
the distributions of survival probability between
the MTOS and the new data set.

In the past decade, trauma has become a lead-
ing cause of morbidity and mortality in Thailand,
as well as in other developing countries. Since it
is one of the most important causes of premature
death, besides prevention programs, improving
the quality of care for trauma patients and pre-
ventable deaths are the main goals of medical care.
The Epidemilogy Division of the Ministry of Pub-
lic Health (MOPH) has established an injury sur-
veillance system, which aims to set up a database
for assessing the quality of acute care and
interfacility transfer provided to the injured by
the hospital at a provincial level, and also to fa-
cilitate injury prevention and control. A trauma
registry form was modified to accommodate all
injuries from external causes of morbidity and
mortality (except complications from medical and
surgical care) and was used as record form. The
TRISS methodology was available in the software
of this injury surveillance system. The survival
probability estimate by TRISS was promoted by
the Epidemiology Division to be used as screen-

ing tool for identifying trauma cases with unex-
pected outcomes. Trauma audits should be done
on screened cases and to improve the quality of
acute trauma care (Santikarn et al, 1999). To ac-
curately estimate the survival probability of the
Thai trauma patient, a model from the data col-
lected in Thailand should be developed.

This study aims at testing the TRISS model
in Thailand using a database of road traffic in-
jured patients derived from various provinces in
the country.

MATERIALS AND METHODS

Injury Surveillance System
Data from the Injury Surveillance System

in Thailand was used in this retrospective study.
The MOPH initiated the system in 1993. Actual
registration and the setting up of the database
started in 1995. At the start, data were collected
voluntarily from 5 participating provincial hos-
pitals. At present, about 20 hospitals are contrib-
uting to the system. A hospital contributing to the
Injury Surveillance System must fulfill the fol-
lowing criteria: the hospital must have at least
500 beds, and it must be in the position to partici-
pate continuously in the system.

All injured patients admitted to the Emer-
gency Department (ED) were included in the da-
tabase. Also registered, were those patients with
injuries occuring within 7 days of admission to
the hospital and those persons who died before
arrival at the ED. Information on the injured pa-
tients was entered into an Injury Surveillance
Form. The Injury Surveillance Form included de-
mographic data of the patient (age, sex, and oc-
cupation); time and place of injury occurrence;
how the patient was transferred to the hospital;
kind of first-aid and pre-hospital care given dur-
ing referral; time of admission and discharge from
hospital; type of injured patient; alcohol consump-
tion and use of safety devices. Nurses at the pro-
vincial hospital (at the ED) recorded the severity
of the injury, final diagnosis based on the Abbre-
viate Injury Severity Score (AIS-85), and the type
of injury (blunt/penetrating). Initial vital signs
upon admission to the ED, namely the respira-
tory rate (RR), the systolic blood pressure (SBP),
and the Glasgow Coma Score (GCS), as well as
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outcome upon discharge (survival/death), were
also included in the Injury Surveillance Form.

The data were coded by registration officials
in the provincial hospitals who were trained to
record and code data on the Injury Surveillance
Form; entered into the dBASE software data file,
and submitted to the MOPH in Bangkok. The
Injury Surveillance System is explained in more
detail elsewhere (Santikarn et al, 1999).

Study subjects
Subjects for this study were road traffic in-

jured patients registered under the Injury Surveil-
lance System from the 1st January to the 31st De-
cember 1996. The subjects were from 7 provin-
cial hospitals in Thailand. The selection criteria
for the study subjects were: severity of cases
(death on arrival at ED or admission to ward);
age (15 years and above); and completeness of
data (GCS, SBP, RR, type of injury, AIS-85, age
and discharge outcome). The STATA version 6.0
was used for statistical analysis of the data col-
lected.

Methods
The TRISS model, as previously described

(Boyd et al, 1987; Champion et al, 1990) com-
bines age, physiological and anatomical charac-
teristics to estimate survival probability by the
following model equation:

Ps = 1/(1 + e-b)
where:

b = b0 + b1(RTS) + b2(ISS) + b3(Age), and Ps
is the survival probability of a patient with the
coefficients RTS, ISS and Age.

The RTS is a physiological index of injury
severity assessed on arrival at a hospital. It is a
weighted sum of coded values of the Glasgow
Coma Score (GCSc), systolic blood pressures
(SBPc) and the unassisted respiratory rate (RRc)
as presented in Table 1. These assigned weights
are derived from a regression analysis of the pa-
tients in MTOS. The RTS range is 0-7.8408. High
values are associated with improved prognosis.
The RTS equals 0.9368 (GCSc) + 0.7326 (SBPc)
+ 0.2908 (RRc) (Champion et al, 1990).

The ISS is the anatomic indicator for over-
all severity of injury.  It is the sum of the squares
of the highest AIS-85 score in the three most se-

verely injured body regions ranging from 1-75.
High values are associated with a worse progno-
sis.

The patient’s age is coded as 0 if the age is
<55 years and age = 1 if the age is ≥55 years.

The b’s are coefficients of the TRISS model
derived from a logistic regression analysis of the
MTOS and they differ according to the type of
injury (Table 2) (Boyd et al, 1987; Champion  et
al, 1990).

The method used to verify whether the
TRISS model is applicable to road traffic injury
in Thailand is the comparison of survival prob-
ability distribution of the MTOS and Thai inju-
ries data set. The survival probability of MTOS
computed by the TRISS model, classified into six
intervals and calculated for survival probability
fractions (Boyd et al, 1987; Jones et al, 1995).
The TRISS model was also applied to a set of
study subjects from Thailand. The observed num-
ber of Thai injuries was obtained by computing
survival probability for each patient and classi-

Table 2
Coefficients of the TRISS model.

Type of
b0 b1 (RTS) b2(ISS) b3(Age)

injury

Blunt -1.2470 0.9544 -0.0768 -1.9052
Penetrating -0.6029 1.1430 -0.1516 -2.6676

Source of data: Champion et al (1990).

Table 1
Revised Trauma Score variables.

Glasgow Systolic Respiratory Code
coma scale  blood pressure rate value

(mm Hg)  (min)

13-15 > 89 10-29 4
  9-12 76-89   > 29 3
6-8 50-75 6-9 2
4-5   1-49 1-5 1
3 0 0 0

Source of data: Champion et al (1990).
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fied into six intervals. The expected numbers were
obtained by converting the MTOS survival prob-
ability fraction into the number of Thai patients.
This procedure is conventionally called the stan-
dardization. If the proportion of both groups of
patients, ie from the US and Thailand are the
same, then based on the US patients, the χ2 test
was used to test the difference between the ex-
pected and observed Thai positives in order to
judge the usefulness of the TRISS model to the
situation in Thailand. The chi-square goodness-
of-fit test was used to compare the distribution of
the survival probability of MTOS and Thai road
traffic injuries (Jones et al, 1995).

                6    
 (Oi-Ei)

2

χ2 = ∑ ––––
                                    

i = 1      
Ei

where:

Oi is the number of observed and Ei is the
number of expected survival events of Thai road
traffic injuries, for interval i.

In the TRISS model, the survival probabil-
ity of a single patient varies between 0 and 1. In
order to test how accurate the model is in pre-
dicting the survival of Thai injured patients, the
survival probability of this model used a cut-off
value of 0.5. The cut-off value of 0.5 was used to
predict the survival of patients whose survival
probability exceeded the cut-off value, and non-
survival if the survival probability was less than
the cut-off value. The validity of the TRISS model
was indicated by sensitivity (proportion of survi-
vors correctly allocated), specificity (proportion
of death correctly allocated), and accuracy (pro-
portion of patients correctly classified over all)
(Jones, 1995).

Sensitivity  = TP/ Total survival
Specificity  = TN / Total death
Accuracy  = TP + TN / Total subjects

where:

TP is the number of patients expected to sur-
vive according to the model and TN is number of
patients expected to die according to the model.

RESULTS

From the 1st January to the 31st December
1996, 15,762 severe road traffic injuries were re-

corded. From these, 8,599 patients satisfied the
criteria as study subjects. Of these, 8,477
(98.58%) of the study subjects were patients with
blunt injuries. Only 122 (1.42%) patients had
penetrating injuries. Among those having pen-
etrating injuries, 2 (1.64%) deaths were recorded.
Because of the small number of patients suffer-
ing from penetrating injuries, this study concen-
trates only on patients with blunt injuries.

From the 8,477 patients with severe blunt
injuries, 484 (5.71%) deaths were recorded. The
TRISS model for a blunt injury was applied to a
set of study subjects from Thailand. The observed
number of Thais with blunt injuries was obtained
by computing the survival probability for each
patient and classified into six intervals as pre-
sented in Boyd et al (1987). The expected num-
bers were obtained by converting the MTOS sur-
vival probability fraction into the number of pa-
tients multiplied by 8,477. Analysis of the ob-
served and expected numbers of Thai road traffic
injuries falling into the six intervals shown in
Table 3, gave a significant chi-squared value
(554.512 at 5 df, p-value < 0.00001).

When comparing the characteristics of Thai
road traffic injuries with MTOS injured patients
in the US, it was interesting to determine how the
distribution of the factors related to survival prob-
ability differ between MTOS and Thai injury pa-
tients. Table 4 shows the summary data for 15,612
severe Thai road traffic injuries and 142,104
American MTOS with blunt injuries. The Ameri-
can trauma patients tend to be more severely in-
jured than the Thai trauma patients according to
RTS and ISS indicators. A comparison of age
showed that a larger percentage of people aged
55 years and above were injured in America while
injured patients in Thailand were younger. Hence,
the indicators of severity and age of road traffic
injury patients admitted to the participating pro-
vincial hospitals in Thailand differ from MTOS
injury patients in the US. The survival probabil-
ity of each of the 8,477 injuries was calculated
using the cut off point at 0.5 to define predicted
survival and death. Table 5 shows the classifica-
tion of the TRISS model having a high propor-
tion of patients correctly classified over all, a very
high proportion of survivors correctly allocated
(96%, 99%), but a low proportion of death clas-
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sification correctly assigned (31%).

DISCUSSION

There is a significant difference in the dis-
tribution of survival probability between the Thai
and American traumatic patients. The TRISS
model predicted survival of road traffic injury
patients in Thailand with a high rate of false posi-
tives, as indicated by the low specificity of the
model. It is concluded that the TRISS model
might be inappropriate for evaluating the quality
of trauma care in Thailand.

At start, the MOPH of Thailand would like
to use the TRISS model to compare the quality of
trauma care between Thai hospitals and US level
1 trauma centers. Thailand’s data is not applicable
to the TRISS model (as shown by the statistical
differences between the O and E values) which
might be due to the difference in severity and age
of the patients. The TRISS model gives high false
positive rates (the prediction was for survival but
the patients did not survive). For any clinical di-
agnostic test, if the value of classification of any
test is less than 50%, the model is not a good tool
to predict the outcome (Fletcher et al, 1982).

Table 3
Comparison of the distributions of the probability of survival between American MTOS and road

traffic injuries in Thailand following the application of the TRISS model for blunt injuries.

Survival Fraction of Contribution to
probability MTOS MTOS distribution Thai road traffic chi-square
interval  patientsb  (expected) injuries (observed) (Oi-Ei)

2/Ei

Ec Od

0.00-0.25 0.035 297 94 138.751
0.26-0.50 0.017 144 65 43.340
0.51-0.75 0.029 246 125 59.516
0.76-0.90 0.044 374 140 146.406
0.91-0.95 0.045 382 223 66.181
0.96-1.00 0.828 7,033 7,830 90.318
Total 1.00 8,476 8,477 544.512a

aChi-square = 554.512 (df=5) p-value<0.00001.
bSource of data is Boyd et al (1987); Jones et al (1995).
cThese fractions were converted into the numbers of the expected values of patients were obtained by multiplying
the fraction (column 2) by 8,477, Thai road traffic injuries with blunt trauma.
dThe observed numbers of patients were obtained by computing the probability by TRISS model.
MTOS is Major Trauma Outcome of study database.

Number of admissions

Therefore the MOPH can not make any conclu-
sions as to the differences in the quality of trauma
care in Thai and US trauma centers.

In this data set, the overall severity of road
traffic injuries in Thailand was lower than the
MTOS database, probably because of different
factors related to the survival of injuries. There
were many factors related to the severity of in-
jury, which affect injury survival. The factors,
which can reduce the severity of injuries are pre-
hospital care, safety device regulations, anti-
drunk-driving laws and speed limitation. These
programs have been implemented by the MOPH
and by the Thai government but they have yet to
be successfully enforced. Thus the severity of road
traffic injuries would be worse than in the US,
consequently the most severe injuries died at ac-
cident scene. In Thailand, pre-hospital care of
trauma patients is not sufficient and in some places
is not available. In some small hospitals in Thai-
land an Emergency Medical Service (EMS) is not
capable of treating trauma victims. Trauma care
equipment and staff may not be available or not
adequate to take proper care of such patients.
Those severe injuries are often referred from ac-
cident scenes or small hospitals to the nearest pro-
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vincial hospitals, some of them die during trans-
fer. These can be considered as one of the main
causes for the loss of lives of many severely in-
jured patients before arrival at the ED of provin-
cial hospitals. Thus most of the injured patients
who were able to reach the provincial hospital

alive were less severe cases than trauma victims
who died at the scene or during transfer.

Among severe road traffic injuries who were
admitted to the ED, a large proportion of of them
were accidents caused by motor cyclists, who are,
on average, younger than car drivers. Hence, the
Thai’s injured patients were less severe and
younger in the ED of provincial hospitals. The
low averages of severely injured and younger
patients due to the above mentioned reasons af-
fects the distribution of survival probability. These
main causes would affect the validity classifica-
tion (high false positive rate) of the TRISS model,
which was based on more severe cases and older
ages of patients.

There are some reasons for the high false
positive rate of survival when applying the TRISS
model to Thai injuries.  The TRISS model was
constructed for all kinds of injuries (eg fall, as-
sault, etc), but in this study the TRISS model is
applied to only to the subgroup, road traffic inju-
ries. Those other causes of injury might have fac-
tors related to survival that are different from those
for road traffic injuries (eg the road traffic inju-
ries had higher numbers of head injuries than other
causes of injury so physical indices are of more
importance to the prediction of survival of road
traffic injuries than to other causes of injury). It
is more valid to use a model which has been de-
veloped for a specific injury to predict the out-
come of a specific injury group than it is to use a
model which has been developed for all kinds of
injuries (Jones et al,1995).  Some mistakes might
have been made in measuring and coding the se-
verity of injury variables because of human er-
ror. The quality of measuring and coding the se-
verity of injury is important for the model pre-
diction. The different factors might affect the va-
lidity of the TRISS model in the prediction of
survival from road traffic injuries in Thailand. To
predict survival of injured patients in Thailand, it
would be better to calculate survival probability
from the data of injuries from a database in Thai-
land. This is planned for up coming research.
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