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ABSTRACT

Background
In this prospective study, the TRISS methodology is used to compare trauma care at a 
University Hospital in Jakarta, Indonesia, with the standards reported in the Major Trauma 
Outcome Study (MTOS). 

Methods
Between February 24, 1999, and July 1, 1999, all consecutive patients with multiple and 
severe trauma were included in the study (n=105). Survival analysis was completed for 97 
(92%) patients.

Results
The majority of patients were male (81%), and the average age was 28 years. Ninety-five 
patients (98%) sustained blunt trauma, with motor vehicle accidents being the most common 
(68%). The predicted mortality was 14% and the observed mortality was 29%. The Z and M 
score were 7.87 and 0.843, respectively.

Conclusions
We conclude that in developing countries both institution-bound factors and specific limitations 
in the TRISS methodology are responsible for the difference between predicted and observed 
mortality, indicating the need for a regional database. 
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INTRODUCTION

Trauma systems have been shown to decrease the number of preventable death due to 
trauma.1-3 Trauma care is a chain of services and its effectiveness depends on the quality and 
cooperation between each individual service. Therefore the quality of trauma care depends on 
prehospital care, resuscitation and in-hospital care.

To evaluate the benefits of a trauma system, the TRISS methodology is often used. The 
TRISS system combines both the physiologic (Revised Trauma Score, RTS) and anatomic 
(Injury Severity Score, ISS) assessments of injury, with age and mechanism of injury (blunt vs 
penetrating), to quantify the probability of survival (Ps) for each individual patient.4 The TRISS 
methodology provides individual institutions with an objective, quantitative and consistent 
basis for comparing the outcomes of their patients to those of a baseline study group. In this 
baseline study group, the Major Trauma Outcome Study (MTOS), the Ps was determined for 
80,544 trauma patients admitted to trauma institutions in the United States and Canada.5 The 
Z and M statistic can be used to compare the number of survivors in an individual institution to 
the number expected on the basis of the MTOS norm.

The introduction of this methodology in the Western world resulted in an improvement in 
trauma care because of better organization and categorization of trauma care and improving 
techniques. How is this in the developing countries where medical care is more ‘basic’ than 
‘high-tech’, but where, as in the Western world, trauma is the major killer in the younger 
population?6 What is the quality of an emergency unit in a developing country as assessed 
by the TRISS methodology? What kind of characteristics of trauma care in these regions is 
responsible for the results? 

The aim of this study is to evaluate the trauma care of a Level II emergency department in 
Jakarta, Indonesia, over 5 months, with the aid of the TRISS methodology. The study focuses 
on demographics, physiologic and anatomic data, treatment and outcome of trauma patients 
in a hospital in a developing country, as well on the validity of the TRISS methodology in these 
circumstances.

PATIENTS AND METHODS

A total of 1,400 patients were treated at the emergency department of the Universitas Kristen 
Indonesia (UKI) hospital in the period from the February 24, 1999, until July 1, 1999. The 
Department of Surgery treated approximately one-third of this population. We included 
all consecutive trauma patients with multiple or severe injuries (respectively, minimally 
Abbreviated Injury Score [AIS] ³ 2 and AIS ³ 3 or at least one AIS ³ 4) for the purpose of this 
study (n=105). The UKI hospital is the university hospital of the Universitas Kristen Indonesia, 
Jakarta, Indonesia and is accredited as a Level II trauma center. The principal difference 
between Level I and Level II centers is the availability of staff specialists. At UKI, residents 
in-training deliver standard trauma care around the clock, in compliance with Advanced 
Trauma Life Support guidelines, and consultants are readily available on call. A blood bank 
and radiological facilities are on the emergency department, and operation theater and 
laboratories are easily accessible in the hospital. The Committee on Trauma of the American 
College of Surgeons provides complete information on levels of categorization.7
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The Emergency Medical System (EMS) in the city of Jakarta is quite unorganized. There 
is no central coordination plan for trauma patients, and attempts to improve trauma care 
depend on individual initiatives of the respective hospitals. Despite its basic equipment and 
limited government support, the UKI emergency department can be regarded as ‘a center of 
excellence’ in the region.

Specially trained persons who had taken a class in RTS and ISS scoring computed RTS at 
arrival and ISS after completion of the survey. A total of eight patients had to be excluded, 
either because their physiologic parameters were incomplete or either because they moved to 
another hospital or decided to go to a traditional doctor.

A trauma nurse-coordinator and a surgeon reviewed all ISS and RTS scorings. The care given 
to the patient was reviewed in the morning report by a surgeon according to the Advanced 
Trauma Life Support protocol of primary and secondary survey.8 

All unexpected deaths were discussed in a monthly trauma audit attended by residents, 
emergency doctors, surgeons and neurosurgeons. The data consist of the following 
subheadings: demographics; cause of injury; physiologic status (RTS) at admission; definitive 
anatomic injury diagnoses (ISS) after stabilizing the patient, obtained from trauma chart, 
radiology report or surgery report; interventions, surgical procedures, intensive care unit; and 
patient outcome (i.e., survival/death at discharge).

Both physiologic and anatomic indices are required to effectively characterize injury severity.  
The RTS,9 a physiologic index of injury severity, is computed from coded values (0-4) of the 
Glascow Coma Scale, systolic blood pressure and respiratory rate, obtained at admission 
on the emergency department (Table 1). These values are multiplied by weights determined 
by logistic regression of a baseline data set in the following mathematical form: RTS = 
0.9368(GCS) + 0.7326(SBP) + 0.2908(RR).

Glasgow Coma Scale

Score

Systolic Blood Pressure

(mm Hg)

Respiratory Rate

(breaths/min)

Coded Value

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

Table 1 | Physiologic and anatomic indices at admission

The RTS takes value between 0 and 7.8408. Higher values are associated with improved 
prognoses. The RTS has been shown to be of more predictive value than its predecessor, the 
Trauma Score (TS).10 

The Injury Severity Score11 is an index of anatomic injury severity ranging from 1 to 75. Higher 
values are associated with more severe injuries. The ISS is derived from the most recent AIS 
(AIS-90). The AIS is a list of several hundred injuries, each with an assigned severity score 
that can range from 1 (minor injuries) to 6 (fatal). To compute the ISS, the patients’ injuries are 
sorted into seven body regions: head, neck, thorax, abdomen, spine, extremity and external. 
If the patient has any AIS 6 injury, the ISS is 75 by definition. Otherwise the ISS is the sum of 
the squares of the three highest AIS scores in each of the seven body regions. 
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Survival analysis is performed with Trauma and Injury Severity Score (TRISS) method. 
TRISS is derived from the RTS, ISS, patient age and mechanism of injury and determines 
the probability of survival (Ps) in a logistic function with these variables. The mathematical 
form is the function Ps=1/(1+e-b) in which b=b0+b1(RTS)+b2(ISS)+b3(age), where RTS is the 
Revised Trauma Score at emergency admission, ISS is the Injury Severity Score, age=0 for 
patients<55 years and age=1 for patients³55 years. The b’s are regression weights (Table 2), 
obtained from Walter-Duncan regression analysis applied to data from thousands of patients 
analyzed in the Major Trauma Outcome Study.5

b0(constant) b1(RTS) b2(ISS) b3(age)

Blunt -1.2470 0.9544 -0.0768 -1.9052

Penetrating -0.6029 1.1430 -0.1516 -2.6676

Table 2 | 1987 MTOS outcome norms 

The performance measures used include disparity (D), sensitivity and specificity.12 D is the 
difference between the average Ps of survivors and that for nonsurvivors. D takes value 
from zero to one with higher values indicating a better discrimination of survivors from 
nonsurvivors. Sensitivity is the percentage of nonsurvivors with Ps values below 0.5, while 
specificity is the percentage of survivors with Ps values exceeding 0.5.

To evaluate the trauma care in the UKI Emergency Department we used two methodologies. 
The first method is the preliminary outcome-based evaluation (PRE chart).13 The PRE 
chart is a scatter diagram of the patient group. The letters L and D indicate survivors and 
nonsurvivors, respectively. Patients whose RTS-ISS coordinates are on the diagonal line 
(determined by b=0 in the function) are estimated to have 50% Ps. Patients above (below) 
the line have a Ps less than (greater than) 50%. The L’s above and the D’s below the line 
represent patients with mathematically unexpected outcome.

The second method is the definitive outcome-based evaluation (DEF).14 In DEF, Flora’s 
Z-score quantifies the difference in the actual number of death (or survivors) in the test 
subset, and the predicted number of death (or survivors) based on the basis of the baseline 
population (MTOS norm). The formula for calculating Z is: Z=D-åQi/ÖåPiQi, where D is 
the actual number of deaths, Qi is the predicted probability of death for patient i, åQi is the 
predicted number of death, Pi is the predicted Ps for patient i. When mortality is studied, a 
negative value of Z is desired, since it implies that the number of death predicted from the 
baseline exceeds the number observed in the test. Therefore, a positive value of Z is desired 
in case survival is studied. Although the formula for calculation and the sign of Z changes, 
the absolute value does not. An absolute value of Z, which exceeds 1.96, is required for a 
significance level of 0.05.

The injury severity match between the study and the baseline patient set can affect the Z 
score. The M-score is a measure for that match. Values for M range from zero to one, and the 
closer the value is to one, the better the match of injury severity. Comparisons of survivors 
with nonsurvivors were made by using the Student’s t test and χ2 test, with significance being 
attributed to p < 0.05. 
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RESULTS

Between February 24, 1999, and July 1, 1999, a total of 3,675 patients visited the emergency 
department of the UKI hospital. Of this group, 105 patients were severely injured, defined by 
an ISS of minimally 2 and 3 (ISS³3, multiple injuries) or an ISS 4 (severe trauma) in one body 
region. 

Sufficient data were available to perform survival analysis in 97 consecutive patients 
(n=97). Eight patients were eliminated because the data were incomplete or the patient was 
transferred to another hospital and therefore the outcome could not be established. The 
elimination of these eight patients decreased the mortality from 34% (36 of 105) to 29% (28 of 
97) if we assume they all died, and increased the mortality from 27% (28 of105) to 29% (28 of 
97) if we assume they all survived.

Demography is shown in Table 3. The majority of the patients were male subjects (81%). This 
means roughly that the male/female ratio was 4:1. The average age is 28 ± 12 years, with no 
significant difference in age between genders.

The majority (95[98%]) of injuries were blunt. Table 4 shows the causes of the injuries. Most 
injuries (66[68%]) were because of motor vehicle crashes (MVCs). Motorcycle crashes 
contributed to 44% of all injuries and to 65% of all MVCs. In another 15 cases (16%), the 
patient was a pedestrian struck by a motor vehicle. The highest mortality could be found in the 
group of pedestrians struck by a car (47%) and car crashes (38%). Fifty-five patients (57%) 
were brought in by an ambulance, another 12% by the police, and 30% by civilians.

In 49 cases (50%), there was no prehospital care at all. In the other 48 cases, there was 
inadequate prehospital care in 31 cases (31%) and adequate prehospital care was delivered 
in 17 cases (18%). Adequate prehospital care was defined as the presence of one or two 
intravenous fluid lines, a cervical collar, and splinting of fractures in the extremity if needed. 

Male Patients Female Patients

Number (%) 79 (81) 18 (19)

Age (yr)* 28.3 ± 11.93 28.2 ± 12.53

Table 3 | Patient demographics 
* Mean ± SD.

Accident Percentage

Motor vehicle crashes 68

           Motorcycle 44

           Motor vehicle 8

           Bus 16

Pedestrian 15

Fall from height 5

Other 11

Total 100

Table 4 | Mechanism of injury
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The median transport time from crash to emergency room (ER) was 70 minutes (range, 12 
minutes to 5 days), and was obtained from 93 cases. If we exclude five patients who spent 
more than 24 hours elsewhere before being admitted to the UKI, the median is 1 hour. 

The mean RTS was 6.4 ± 2.2 and the mean ISS was 21 ± 7. Forty-three had severe trauma 
(44%) and 54 had multiple injuries (56%). Severe head trauma, defined as AIS ³ 4, accounted 
for the majority (95%) of the severe trauma. In the total group of severe trauma and patients 
with multiple injuries, head (AIS ³ 4) accounted for 74%, thorax (AIS ³ 4) for 3%, spine (AIS ³ 
4) for 1% and abdomen (AIS ³ 4) for 4% of the cases. 

Fifty-five (57%) underwent operation. Craniotomy accounted for most operations (64%) 
followed by orthopedic operations (25%). In the severe trauma group, 70% underwent 
operation, of which 90% endured a craniotomy procedure. Fifty-three patients (55%) were 
admitted to the intensive care unit.

The median time from accident to primary operation was 10 hours (range, 2.5 hours to 24 
days), obtained from 53 patients. The median time from ER admission to primary operation 
was 5 hours (range, 1.5 hours to 24 days), obtained from 55 patients. If we exclude the 
patients who spent over 24 hours elsewhere, the median time from injury to primary operation 
is 7.5 hours (five patients excluded) and the median time from ER to primary operation was 
4.5 hours (nine patients excluded).

Overall mortality was 29% ± 4.6%. The respective mortality for male and female was 30% and 
22%, with no significant difference (χ2 = 0.491). Table 5 shows 16 unexpected death and no 
unexpected survivors. The misclassification ratio is 1:6 (16 of 97).

Outcome

Ps Survivor Nonsurvivor Total

≥0.5 0 12 12

>0.5 69 16 85

Total 69 28 97

Table 5 | Outcome

Disparity is 0.394 with an average Ps of 0.978 for survivors and an average Ps of 0.584 for 
nonsurvivors. The sensitivity of the TRISS methodology in the UKI emergency department is 
43% and the specificity is 100%.

Figure 1 shows the unexpected outcomes. The RTS and ISS of survivors and nonsurvivors 
are plotted in relation to the Ps = 0.50 isobar. 

Figure 2 outlines the proportion of study patients in each of the calculated TRISS Ps 
categories. The M statistic for the UKI patients was 0.843. The difference between the actual 
number of survivors and the predicted number of survivors on the basis of the MTOS norm 
was quantified by the Z statistic. The Z statistic for the UKI was 7.87. 
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Figure 1 | Survivors and deaths are plotted on a graph using RTS and ISS of each. The line denotes a 
probability of survival of 0.50.

Figure 2 | Comparison of study patients with MTOS patients in relation to probability of survival at 
admission.
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To determine what kind of factors may be of influence for the outcome, we examined various 
factors during the prehospital and hospital phase to see if there were any differences 
between survivors and nonsurvivors (Table 6). Survivors were younger, had less physiologic 
(as indicated by a lower RTS) derangement and were less severely injured (as indicated 
by a lower ISS). A significant higher percentage of survivors were operated. There was no 
significant difference between survivors and nonsurvivors with respect to transport, frequency 
of prehospital care, transport time, time from injury to operation, time from admission to ER to 
operation, or gender. 

Variable Survivors Nonsurvivors

Patients 69 28

Age (mean ± SD in yr) 26 ± 11.9 33 ± 10.9†

Gender                                                                                   

    Male patients 55 24

    Female patients 14 4

Transport

    Ambulance 43 12

    Police 4 8

    Civilian‡ 22 8

Prehospital care

    Yes 38 10

    No 31 18

RTS (mean ± SD) 7.31 ± 0.83 4.24 ± 2.92†

ISS (mean ± SD) 18.2 ± 4.25 26.5 ± 8.36†

Time to ER (mean ± SD in hours) 8.29 ± 20.20 1.91 ± 2.12

Surgery, no. (%) of patients 45 (65.2) 10 (35.7)†

Time accident to surgery 

  (mean ± SD in hours)

62.63 ± 129.78 28.28 ± 61.54

Time admission ER to surgery

  (mean±SD in hours)

50.42 ± 126.78 5.13 ± 2.4

Mechanism of injury

    Blunt 67 28

    Penetrating 2 0

Multiple/severe injuries

    Severe 34 9

    Multiple 35 19

Table 6 | Factors analyzed to determine differences between survivors and nonsurvivors
† p < 0.05 vs survivors, ‡ Transported by family, taxidriver etc

To determine what kind of factors were responsible for the difference in observed and 
predicted outcome, we compared characteristics of the patient group under study with the 
MTOS group (Table 7). The data from the MTOS group are taken from a publication about 
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the Major Trauma Outcome Study.5 The patients under study had more severe injuries (ISS) 
and worse physiologic parameters (RTS). Almost all of them suffered blunt injuries. In Jakarta 
most crashes involved motorcyclists instead of automobile drivers or passengers as in the 
MTOS group.

Variable MTOS data (n = 80,544) Study Subset (n = 97)

Suitability for analysis

    Included (%) 89 92

    Excluded (%) 11 8

Type of injury†

    Blunt(%) 79 98

    Penetrating (%) 21 2

Outcome†

    Live (%) 91 71

    Dead (%) 9 29

Cause of injury

    Motor vehicle (%)† 35 8

    Motorcycle (%)† 7 44

    Pedestrian (%)† 8 15

    Fall of height (%)† 17 5

    Other 15 11

Sex

    Male 71 81

    Female 28 19

Age (mean ± SD)

   < 15 yr 7.5 ± 4.3 9.2 ± 3.2

   ≥ 15 and < 55 yr 28.9 ± 9.6 29 ± 9.8

   ≥ 55 yr 70.8 ± 10.6‡ 55.6 ± 0.58

Revised Trauma Score (mean±SD) 7.1 ± 1.7 6.4 ± 2.2‡

Injury Severity Score (mean±SD) 12.8 ± 11.3 20.6 ± 6.84‡

Table 7 | Comparison of MTOS with study subset
† p < 0.05, χ2

‡ p < 0.05, t test

DISCUSSION

In this prospective study, we applied the TRISS methodology to assess the quality of trauma 
care at the emergency department of a university hospital in Jakarta, Indonesia. The survival 
outcomes of these patients were compared with those of the MTOS patients studied by 
Champion et al.5 
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The majority of trauma victims were young male subjects. Most of the injuries encountered 
were blunt, resulting from motor vehicle crashes. A remarkable majority of patients endured 
closed head injuries (74% with AIS head ³ 4). The observed mortality was 29%, whereas the 
expected mortality was 14%. The mortality in the MTOS group is 9%. The Z statistic was 7.87, 
indicating a significant difference in outcome between study subset and MTOS group.

The validity of a trauma scoring system is most accurately assessed by its impact on 
the mortality of severely injured patients who would be expected to die without rapid and 
aggressive treatment.15 We, therefore, analyzed the trauma outcome in the UKI emergency 
department on trauma patients with severe and multiple injuries (minimally AIS = 2 and AIS = 
3 or AIS = 4 in one body region).

The injury severity match between the study and the baseline patients can affect the Z 
statistic. The M statistic for the study group was 0.84, indicating a poor match of severity with 
the MTOS group. According to Boyd et al.,4 Z values associated with lower values of M should 
be viewed with some skepticism. Nevertheless, the TRISS method can still be useful for year-
to-year trend analysis of an individual institution. 

In the comparison with the MTOS data, we can see that the average UKI patient is more 
severely injured (ISS) and more physiologically deranged (RTS). There are two likely 
explanations for this finding, both associated with regional factors. In the first place, the 
patients’ physiologic condition can easily deteriorate before admission to the emergency 
department because of the lack of prehospital care and triage. In the second place, the 
reckless behavior of people in the traffic combined with the lack of safety measures causes 
more severe injuries. Therefore, the expected mortality of the group under study is higher 
than the overall mortality in the MTOS group (14% vs. 9%). However, it does not explain why 
the observed mortality in the study group is twice as high as the expected mortality (29% vs. 
14%).

In the first place, an explanation for this finding can be made with regard to institution-bound 
factors. To use the limited resources in the most effective way, the doctors in UKI allocate 
the best medical care to those who have a reasonable probability of survival. In other words, 
those who have a Ps < 0.5 often receive suboptimal treatment. This tendency explains the 
absence of non-expected survivors.

A second important factor is related to the organization of medical care as a whole in 
Indonesia. The vast majority of people are uninsured and will therefore only receive optimal 
treatment if they are able to pay for this care; for this reason, some patients will receive 
suboptimal treatment. A solution for this problem cannot be found on the level of the individual 
institutions.

Studies such as that of Shackford et al.15 stated that for the management of severely injured 
patients, prompt action and aggressive treatment are needed. Although there is not a 
significant difference in time from admission to operation between survivors and nonsurvivors, 
the population as a whole shows a considerable delay in time to operation. The absence of 
radiological facilities in the resuscitation room of the UKI emergency department might play 
an important role in this delay. On first impression, the delay of surgery seems to explain the 
high mortality, especially in the light of the high incidence of neurotrauma. However, a more 
detailed observation of the data reveals that the length of the average delay is mainly caused 
by the orthopaedic operations (25%; average delay, 6 days). The delay for neurotraumas 
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might still be a factor of importance, since the average time from injury to surgery for 
neurotrauma was 23 hours and the average time from admission to the emergency room to 
surgery was 5 hours.   

In the literature, the TRISS methodology has a worldwide reputation for consistency and 
reasonable prediction of outcome. In the Cologne Validation Study, the TRISS methodology 
advocated as the international reference system for the following reasons: today, TRISS 
is already widely accepted in many parts of the world and has proven its practicability in 
daily practice; its validity was documented in studies in the United States, Canada, Great 
Britain, Australia and Germany; and it makes sense to assess injury severity by the patient’s 
physiologic status, the anatomic grading of the patient’s injuries, and the patient’s age as an 
important prognostic factor.16 

Both the TRISS methodology and the MTOS database find their origin in the United States. 
Therefore, their validity may be limited to the specific conditions of the originating country or 
countries with patient populations that have similar characteristics as the United States.14 

In the literature, we did not find any study that tested the validity of the TRISS methodology 
in a developing country. In our study we found that the fact that the TRISS methodology is 
a Western-oriented methodology skews the data when we compare a Jakarta study group 
with the MTOS group. The first argument for this statement is that the ISS is derived from the 
AIS and the fact that this score reflects the physical attributes of the patients included in the 
MTOS. If we apply the AIS on Indonesian people, we have to realize that they are smaller 
than the average patient in the MTOS. For example, an abrasion of 40 cm2 is a relatively 
larger part of the body surface area of the average Indonesian compared with the average 
patient in the MTOS. The same injury can result in a higher mortality even though the same 
score is attributed to it. 

A second argument is related to the difference in patient characteristics between the MTOS 
group and the study subset. A remarkable observation is the high incidence of neurotrauma 
(74% with AIS ³ 4) in the study subset, explained by the numerous motorcycle crashes 
and lack of safety measures in Jakarta traffic. Several studies show that the mortality 
rate is strongly related to the presence of serious head injury.17 The ASCOT (A Severity 
Characterization of Trauma), is a physiologic and anatomic characterization of injury 
severity that reaffirms the importance of head injury and trauma to the prediction of patient 
outcome.18,19 This has been supported by comparative studies between TRISS and ASCOT 
methods in controlling for injury severity. Markle et al.20 found that almost all of the unexpected 
death in their study as predicted by TRISS only involved patients with head or spinal injuries. 

For various reasons, the TRISS methodology is generally accepted as the preferential trauma 
evaluation methodology. Nevertheless, in a comparison between the MTOS database and a 
Jakarta study group, we are facing several limitations of the validity of the TRISS methodology 
in combination with the MTOS database. 

Regional factors, such as geographic distribution of the population, the epidemiology of 
trauma, and the availability of paramedic services, can limit comparisons with the MTOS 
database. To compare outcomes among similar hospitals within the province of Ontario, 
Canada, a regression analysis was performed to develop TRISS coefficients specific to the 
province. New coefficients derived from the Ontario Trauma Registry improved the ability to 
identify unexpected outcomes and outliers.21-23 In New York State, an analysis of data from 
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a contemporary population-based database resulted in new TRISS coefficients that showed 
more accurate predictive ability for patients with blunt injuries.24 

On the basis of the statement that the validity of a scoring system is limited to the specific 
conditions of the originating country, we conclude that Indonesian trauma care and research 
would be helped by a database in which patient characteristics have more resemblance with 
the patients under study. The patient characteristics of the Southeast Asian subcontinent 
have enough similarities to advocate a regional database, but this necessitates further study. 
Comparison of the neurotrauma group with a MTOS neurotrauma subset especially would 
clarify the quality of the UKI emergency department.

2
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