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Abstract Background : Injury severity classifications have been developed for the past decades. Milestone study 

in the quest fo r  the best possible method to predict outcomes of' injured trauma patients has been studied 

continuously. Quantitative characterizations of injury are essential for research, meaningful evaluations of 

patient outcome, quality improvement, and prevention programs. Trauma and Injury Severity Score (TRISS) 

is a combination index based on then state-of-the-art severity indices, the Trauma Score (TI)  and the Injury 

Severity Score (ISS), patient age, and mechanism of injury. Since its development, TRISS has been a frequently 

used method for predicting survival or  mortality of trauma inpatients, but unfortunately not many studies had 

reported about using TRISS with neurotrauma cases. 

Materials and Methods : .A retrospective study to determine the accuracy of TRlSS in head-in,jured 

patients was made by review of medical records of patients admitted between December 2000 and May 4001 to 

Trauma Unit of Saraburi Hospital were reviewed by trauma audit staffs consisting of various specialties such 

as general surgeons, neurosnrgeons, urologists and plastic surgeons. 

Results : The results of this study showed that there were man y drawbacks of using TRISS in predicting 

the death of neurotrauma patients. TRISS model did not work well in predicting survival for neurotrauma 

patient. 

Co?zclusion : Because of the limitations of TRISS, peer reviews or  other new models such as ICISS 

should supersede it. Some possible refinements such as the mechanisms of in.ju~y, timing of in.jury, nature of 

diseases, hospital charges, and the prognosis should be included in the models in predicting the neurotrauma 

outcome. 

Characterization of' injury severity emerged in especially for neurosurgical trauma, is Glasgow Coma 

the 1950s.' Since then more n~ethodologies were Scale (GCS) described by Teasdale and.Jennett." 
- subsequently developed.'," U p  to now, numerous Abbreviated Injury Scale (AIS) and Injury Swerity 

scoring methods had been tlesigned and proposed. Score (ISS) are classified as anatomic scores, whereas 
O n e  o f  the most popular trauma classification, Trauma Score (TS), Revised Trauma Score (RTS), 

and GCS are physiologic scores. Trauma and In-jury 

'Current address : Division of Neurosurgery. Department of Severity Score (TRISS) is the combined anatomic and 

Surgery. Rajavithi Hospital, Rajavithi, Thailand physiologic score.r'-" RTS, ISS and TRISS were the 
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well-known scoring methods widely employed in the 
late 1990s. Inlcrnational (:l;~ssification of' Disease-9 
based Injury Severity Score (ICISS) has been sliown to 

be a much hct.tcr predictor of swvival than ISS in 
injured patients in one study."' 

RTS was developed Trom the original Triage Index 

(TI) and Trauma Score (TS) derived fi-om application 

of code va1~1c.s For GCS, Systolic blood pressure (SBP). 
and Respiration rate (RRj by the following formula"- 
19. 

RTS = 0.9368 GCS(c) t 0.7326 SEP(c) + 0.2908 

RR(c) 
ISS correlates reasonably well with mortality 

probability but it has the main drawback in that. it can 
not he accountecl fhr severe multiplt. injuries within 
one region. If?JbLki 

TRISS combines the physiologic RTS together 
with anatomic ISS and then fbrmulate together with 
patient age, in-ju~y type antl become a well-known 

trauma patient triage. I t  iscalculated using thecollccted 
inf'ormation ciatahases and expressed as the swvival 
chancc of' trauma victi~ns.~" 

All of' the in,jur); scores n~ethods are related to 
each other in some aspects. For example, 'Trauma 
Score (TS) has some li~lkage with the original C;lasgow 

Coma Scale (GCS). However, rach method has its 
shortcomings and dl-awb;icks. There had hecn several 

del~ates regarding ~~vhich method is the best. under 
certain specific events. So "new and improved systems" 

were frequently put forth. The most recent revision in 
the year 2000 was ICISS 10 (ICD- I 0  based). 

Although several reports had pointed out the 

main drawbacks ofTRISS method, but i t  is still a widely 
used system for outcome analysis. However, not many 
had discussed about TRISS as regaidecl to the 
neurological olrtcorne. This study analyzed the clata 

obtained from hospital medical t.ecorcls of'a provincial 
hospital in Thailand during a recent 6-month period 

to identify the accuracy of TRISS methotl in predicting 
the chance of sl~rvival in head injury patients. 

Saraburi Hospital is a provincial ho9pital situatrd 
in close proximity of' n~qjor high\~ays ,just north of 

Bangkok. Fhe hospital maintains an active Emt-rgency 
and Trauma services. 

The medical records of'patic.nts admitted between 

December 2000 and May 2001 to Tra~una  Unit of 
Sara1xu.i Hospi~al were reviewed by trauma audit staffs 
consisting ol' various specialties s l~ch  as general 

stlrgeons, neurosurgeons, urologists and plastic. 
sllrgeons. 

The following inclusion criteria were used: ( 1 ) Patients 

with history of' trauma (traffic accidents, body assa~dt, 
etc.); (2) patients with co-existing head injuries; antl 

(?I) patients that succumbed. Patients without head 
injuries and/or age less than 15 years wc1-e excluded 

From this rc3view. 
All patients had records of their ages, vital signs 

(syslolic blood pressure, heart rate, respiratory rate), 
and their neurosurgical signs using thc Glasgow coma 

scale from the time of admission. Data were reviewed 
and calculatecl into Glasgow coma score (GCS) and 

Trauma Score-Injury Severity Score (TRISS). Using 
~ntdtiple logistic ]-egression modcls, the dif'fi-~xnces 
Ixtween hlunt and penetrating injl~ries related to 

TRISS is accomn~odated. Then, together with RTS, 
ISS, and patient age, they were placed in a logistic 
tl-ansformation to yield a swl;i\A probability (Ps) in 
the range hom 0 to 1." 

The logistic formula is : 

"Ps = 1 ,I (1 + e -b)" 
Where b is calc~llated f'rorn : 

"b= bO t b l  (RTS) + 132 (ISS) t b3 (Age Index) " 

t. - 2.71 8.3 (based of Napierian logarithm) 
Age index = I fbr patienl.'~ age > 54 years 
Age index = 0 for patient's age <= 54 years 

The coefficients 110 to  113 are derived from tnultiple 
regression analysis of MTOS database i ~ l d  are different 

fi-om blunt to  penetrating injl~-y. '?~ 
Thus. the determination dPsvaries according to 

6variahles of GCS, SRP, RR, Age, Mechanism of trauma, 

and the ISS. 
There were 176 paticnts matched with the above 

criteria. The patients who met the above criteria with 

TRISS > 0.8 and should have a predicted chance of 
survival were divided according to GCS into 3 groups. 
Group 1 were those with GCS l?~15,  Group I1 9-12, and 

Group 111 3-9. Trauma a d i t  teams serving as peer 
review teams, were assigned to study each medical 

record in details. 
Conclwsions w(:r(: reached from peer review to 

address the chance oi'indiviclual survival ofall patients. 
The causeofdeath and the reason or factor contributing 
to management and survival failureswere identified in 
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those rvithTRISS > 0.8 who should have a chance of' The most comrnoli cause of' 11-allma was mo~orcycle 

survival. For those \\4thout any chance 01' survival, accident ( l43i l76 cases or 81.25 %) . The otherswere 
TKISS < 0.8, only the, possiblr cause of' death was cat. ac-ciclent, bocly assauli, g ~ ~ n s h o t  wound, falling 

from heiglit. 
One hunclrecl and th~rty paticnts had TRISS < 0.8 

at limy of'arrival at the Emergency Room. There werr 
46 of' 176 patients who had TRISS above 0.8 and they 

There were 176 patients matched with the above were divided into 3 groups according to their M S .  
criteria. Among them were 14.5 males and 3 I females. There were 28 patients in G r o ~ ~ p  111. 1 1 in Group 11, 

atid 7 in Gsoi~p I .  For those patients with TRISS <0.8, 
their types of'injury a l ~ d  causes of' dear11 were shown in 

Table 1 Cause of injury in TRISS < 0.8 
Tables 1 and 2 respectively. 

Cause of Injury No. of Patient Percent The Group I patients were considerecl should 

Motorcycle Accidents 62 47.7 have a s~ l lv i~a l  chance becausc. of their high CXS and 
Car Accidents 22 16.9 TRISS > 0.8 (Table 5 ) .  111 this group, however after 
Body Assaults 
Gun Shot Wounds 
Falls from Height 
Others 

16.9 details peer review, ti paticnts were considered having 
7.7 high probability of'denth by the following conclusions. 
6.9 
3 9 Case I and Cast- 6 were the cases of sevei-e brain 

Total 130 100.0 edema (1 '~m~at ing brain) that resulted from high speed 
motor cycle acciclent (MCA) . The patients came to the 

hospital very soon after the accident, so their GCS werr 

Table 2 Causes of death in patients with TRISS < 0.8 

Cause of Death No. of Patient Percent 

Severe Shock 74 42.0 
Brain Herniation 44 25.0 
Respiratory Failure 32 18.2 
Sepsis 23 13.1 
Unknown 3 1.7 

Total 176 100 

high. Despite aggressive management for brain edema, 
the patients died. ln cnsc 1, his finlily agreed not to 

receive further postoperative aggressive treatment d u r  
to the unacceplable poor prognosis. His family could 
not af'fot-cl the living cost at home fos his prolonged 
vegetative state. 

Case 2 and ( h e  5 were the cases of posterior fossa 
epidural hematoma. 'Tlicse two patients showed no  

early signs of'uncal herniation. Thy only complaints 

Table 3 Summary of Group 1 patients (N = 7) 

Age Cause of GCS at Ps Diagnosis on  Final Cause of Ls. 
Sex 

(yr) Injury adm. Admission Diagnosis Death (D) 

1 M 19 MCA 13 0.98 SDH with Same with Tonsillar 3 
brain edema Severe brain edema herniation 

2 F 20 MCA 15 0.89 Brain concussion Posterior fossa EDH Tonsillar herniation 6 

3 M 33 MCA 13 0.90 Brain concussion Ruptured liver with Brain hypoxia and 12 
massive hemorrhage edema from 

prolonged shock 

4 M 18 GSW 13 0.87 Open skull fracture Ruptured traumatic Massive SAH with 24 
intracranial aneurysm severe brain edema 

5 M 21 Assault 13 0.94 Brain contusion Posterior fossa EDH Tonsillar herniation 9 

6 F 24 MCA 13 0.82 Bilateral SDH Same with severe Tonsillar herniation 6 
bram oedema 

7 M 23 MCA 14 0.88 EDH EDH Delayed surgery 11 

(Abbreviation code: yr - year, SDH-Subdural haematoma, EDH-Ep~dural haematoma. ICH-lntracerebral haematoma, SAH-Subarachnoid 
haemorrhage, MCA-Motorcycle accident, GCS-Glasgow Coma Score, Ps-Probability of survival, 1s-Length of stay as Day, Adm.Admission) 
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Table 4 Summary of Group 2 patients (N = 11) 

Sex Age Cause of GCS at Ps Diagnosis on Final Cause of Ls. 
(yr) Injury adm. Admission Diagnosis Death (Dl 

MCA 

Fall from 
height 

MC A 

MCA 

MCA 

Car 
accident 

Fall from 
height 

MCA 

Body 
Assault 

MCA 

Car 
accident 

SDH with brain Severe brain oedema Tonsillar herniation 
oedema 

SDH Severe brain oedema Respiratory failure 

ICH Same with SDH Tonsillar herniation 

Posterior fossa EDH Same Respiratory failure 

Open skull fracture Same with SDH-ICH Tonsillar herniation 

Brain concussion Fracture pelvis Hypovolemic shock 

Spinal cord injury Same Respiratory failure 
(SCI) 

SDH-ICH Same Sepsis 

Spinal cord injury Same Respiratory failure 
(SCU 

ICH Same with SCI Respiratory failure 

SAH with Severe Ruptured intracranial Brain herniation 
brain edema aneurysm 

N. B. 
a) Case 2. 4. 6, 7, 8. 9, and 10 died from complications related to respiratory and infectious problems, not from the diseases themselves. 
b) Case 1 1 died from process of ruptured intracranial aneurysm, not from the injury of accident. 

Table 5 Summary of Group 3 patients (N = 28) with the diagnosis of' head injuly with abdominal 

GCS on Admission 
trauma. He died from cardiovascular collapse resulted 

No. of Patients 
GCS = 3 15 prolonged shock during transportation, despite 
GCS = 4 4 
GCS = 5 2 
GCS = 6 5 
GCS = 7 1 
GCS = 8 1 

Causes of Death 
Tonsillar herniation 18 
Severe Shock 5 
Sepsis, Respiratory failure, etc. 5 

N.B. 
a) This group was not studied in details because peers review agreed 

that most patients had high possibility of death due to low GCS on 
admission. 

b) Mostpatients diedbecause of tonsillar herniation from severe head 
injury despite their Ps > 0.8. 

early surgery For stopping bleeding from rupture of' 
the liver. His GCS of 13 at the time of admission 
resulted from hypovolemic shock, not from primaly 

brain injury. 
Case 1 died from ruptured traulnatic aneurysm of 

intracranial vessel injury. He received open fracture of' 
5kull from gunshot wound. His condition was stable 

and GCS was much improved 7 days after aclmission. 
But on the 8th day, his GCS rapidly dropped to 5 and 

the investigation showed traumatic intracranial 
aneurysm at right pericollosal artery with massive 

intracranial and subarachnoid hemorrhage. Despite 
aggressive immediate surgery by craniectomy, he could 

not survive. 

were headache, nausea and vomiting which were Case 7 was the only case with a predicted chance 

commonly founcl in most of cases of mild head inju1-y. of' survival after studied by peer review. This patient 

The correct diagnosis could not be made prior to had epidural hematoma from motorcycle accide~lt 

further deterioration. The progression of this type of and arrived at the hospital with TRISS > 0.8 and GCS 

injury was rapid and moribund. of' 14. Early craniotomy could have saved his life but 

Case 9 was a referred case from a rural hospital unfortunately he died due to delayed diagnosis and 
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surgery alter the admission. 
Groups I1 and 111 patients (1 1 and 28 cases 

respectively) despite the favorable TRISS > 0.8, were 
considered to have very poor chance of' sunrival after 

studied by peer review. Data of cases in Group I1 and 111 
were summarized in Tables 3 and 5 respectively. 

Among patients with nlultisystenl trauma, the 
head is the most frequently part of the hod? injured. 
Head injury contributes significantly to the outcome 
in one half of all deaths from trauma.'!' Almost. 75% of 

victims of fatal traffic accidents demonstrate post- 
mortem evidence of brain injury.'"' One can not deny 

the Sact that majority of trauma mortality is head 
injury. Such statistics becomc more alarming when 

one realizes that, unlike those who succumb to the 
other leading causes of death, the victims of head- 
injury are often adolescents or young adult.:" This 

causes much financial burden in terms of' both lost 
productivity and cost of medical care. So numerous 
predictive formulas have been suggested fol-evaluation 
of' head-injured patients.:" 

In head-injured patients, there are specific events 

that made the cases different from other traumatized 
cases, abdominal injuly for example. It has been 
known that once the impact occurred at the scene, 
there are 2 specific events that occurred. The first is 

primary injury of the CNS, and the latter more serious 
ongoing event is secondary injury. What happened at  

the scene of acciclent does not  matter for the 
neurosurgeon because once the impact has occurred 
we could do  nothing to lessen the force that already 
struck the victims. What neurosurgeons can do  is to 
treat the oncoming secondary injuly, i.e, intracranial 

hematomas such as epidural hematoma, subdural 
hematoma, and intracerehral hematoma. Using TRISS 

method as the means of' predicting the probability of 

survival (Ps) may correlate well with this group of 
neurotrauma patients. The mortality can be reduced 

by early evac~lation of the secondary expanding lesion 
(blood clots). In most cases, the faster evacuation 
made, the better the outcome of the patients is. This 

is especially true if the pre-operative status of the 
patients isgood. The nature of expanding hematomas 
in the cranium isalso important. Patientswith subdural 

hematomas usually have much worse prognosis than 

 hat of epidural hematomas of equal size, mass effect, 

duration of neurologic impairment, and duration of 
time since the impact.:" In subdural hematoma, 

mechanical force applied to the head is usually diffuse 
throughout the brain parenchyma and resulted in 

both intracranial clots and extensive underlying 

parenchymal damage. 
For brain edema and other types of lesion  hat. 

present as the sequelar of severe head injury such as 
subarachnoid hemorrhage, d i f f ~ ~ s e  axonal injury, 
surgical method plays less important role or in some 
cases takes no role. I11 case of' brain edema, neuro- 
surgeons can not remove the brain tissue so much to 

lessen the increasecl intracranial pressure effect. 

Intracranial pressure (ICP) may decrease after 
craniectomy but the edenlatous process continues. If 
ICP isdecreasecl much enough to comfortthe cranium, 

the edematous process is not much dreadful, and the 
patients' condition is healthy enough; the patient may 

be improved by aggressive medical treatment for the 
stage of' increased ICP. If not, patients will die no  

matterwe do. In most cases of' diffuse axonal injury, we 
can hardl!.see any abnormal anatomical lesions on the 

imaging investigation but the functional aspect of 
brain neuronal integrity had been damaged,'"'"' and 
there is no effective treatment for diffuse axonal injury 
at present. If the axon is not severely injured, then the 

optimal internal milieu and proper medical care may 

allow it to recover, whereas secondary insults may seal 
itself." This group is clear for what we call "timc- 
dependent process." The patient may look well 

immediate after injury or at first seen in the emergency 
room (ER) , but the process is going to develop silently. 
May he a few hour after, he may be look much different 
from the pastfew hour. IfTRISS is calculated at  the first 

seen at ER, the Pswill be high so that it seems impossible 
to death. Rut in the peers review process, it is not 
surprised to find that the patient died. It is clear that 

predicting the chance of survival using TRISS method 
alone is unreliable in these situations. 

From the analysis of this study, based on TRISS > 
0.8 alone, 46 out of 176 patients (26.14 %) were 
consicler~d to have a chance of survival when they 
arrived at the hospital. But when considered together 

with GCS, their chance of' survival was reduced to 7 
patients (3.98%) only. Of these 7 patients, peer review 
committees considered that 6 patients had high 
possibility of death. The only patienl that TRISS, GCS 
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and peel- review study were in agreement to suggest a 
good chance of' survival was the case of epidural 

henlatoma who actually fi~ilecl to survive because of 

delayed surgery. 
There are man); factors that TRISS has many flaws 

in prediction the probability of s~~rvival. 

First, pre-existing medical conditions is not 
includecl in TRISS."' 

Second, TRISS is derivecl from part of RTS 
which is also derived from GCS.'".:" The main drawback 
of GCS is that intubation precludes reliable assessment 

ofthe verbal score upon arrival at the hospital. Patients 
with intubation will have lower GCS as compared with 
ones without intubation; even they have the same 

trauma conditions. So the patient with intubation will 
1)e accountecl for poorly. Respiratory rate and verbal 
response are not accurately obtained in this group.:"'."' 

Third, TRISS cannot distinguish betwcen two 
patients of similar age, anatomic injury, vital sign, and 
type of injury bt~t present with different timing after 

il!jury. The patient. who presents shortly after in,ju~y 
has diff'erent Ps to the one who presents several lioi~rs 
beyond ~~~~~~~~y. The problem is that the ability to detect 
physiologic clerangenient aft.er in~ury is time de- 
pendent."!' "' Patients may not manifest physiologic 
changes immediately after the impact. This isespecially 

true in young, and previously healthy adults. They have 
grcater ability to compensate the body themselves and 
mask the true extent of' injury initially. For instance? 
rising of' intlxl-anial pressure in young and hcalthy 
adult may present no  abnormality in tlle co~npensated 

GCS status. But at the point of decompensation, 
pressures change rapiclly mil compromise brainstem 
function. This is especially true in case ofinfi-atentorial 

hematoma in which the intracranial pressure changes 
more rapidly despite the small increment of blood 
clots. 

Fowtll, TRISS depicts only the probability of 
survival regardless of additional resoiirce utilization 
factors such as cost and duration of;~clmission.'~~'" 

Fifth, TRISS does not concern in the outcome of 

the patients. It points out  only the chance of swvival 
rt.g;\rclless of the outcome quality of patients. To  say 
simply, only quantitative but. not qualitative is 

considered. 
Sixth, there are many neurot.rauma patients who 

seem to haw a greater chance of' survival (high Ps) 

when obtained by TRISS method, but have a less 

chalice and worst prognosis with multiclisciplinary 
peer review process. This is clear when evaluatecl with 
radiological examination such as computed torno- 

graphy of' thy brain. The study by Fallon and his 
colleagues" supported this notion. They c o n c l ~ ~ d e d  

that peer review process byexperie~lcecl traumatologists 
in that field may outperform and more effective than 

computer-gene1xt4 TRISS method. There were also 
many reports that showed the lack of'correlation with 

peer reviewed assessment of' linespec ted cleat11 
compared to  TRISS method. 

Seventh, hencr it derived fi-om ISS, it  is unable to 
account for multiple severe h j i~r ies  to a single body 
part, head and neck including brain for instance-:."'." 
In case of traffic accident especially in the highwaywith 
high speed driving, victims may have brain contusion, 
brain edema, together with cervical spine fracture or 

dislocation. According to ISS, these patientswill fall in 

only 1 category of BR1 (as of ISS), despite the cervical 
spine fracture may endanger the brain oxygenation 

leacling to  increased severity. 
Eighth, TRISS does not distinguish between the 

sizes, mass effect, duration of' neurologic impairment. 
and duration of time since injury but different 

nlechanism. For example, the patients with epidural 
hematomas tend to d o  well after evi~cuation of' 

hematoma, whereas those with subclural hematomas 

have poorer outconles. In suhdi~ral liematoma, there 
is usually coexisting damage to the underlying brain 

parenchyma. 
Thus, TRISS model did not. correlate well in 

predicting survival ['or neurotl-aurna patients. Some 

possible refinements such as the mechanisms of'injury, 
timing 01' injury, nature of cliseases, hospital charges, 
and the prognosis should be included in the models in 

predicting the neurotraurna outcome. Recent studies 
l3y Rutletlge and coworkers claimed that IClSS is a 
better indicator of survival that o11tperfi)rms TRISS as 

an indicator in injury severity grading, quality assess- 
ment., improvement et'fbrt and of resource utilization. 

1C;ISS may be a new model in predicting such outcome 
more precisely. Fui-ther studies are needed to further 
support that ICISS methodology is an  accurate 

preclict.or oi'sui-vival in neurotraurna patients. 

In conclusion, thc major clrawbacks of TRISS are 
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obviously addressed and pointed out by data from 

several recent papers and in this study. TRISS method 
is not accurate as a predictor of the chance of survival 
in head-injured patient group. 

Until now, there is no infallible method ofscoring 
in predicting the outcome and chance of survival in 

head-injured patients and they should never intend to 

replace the individual judgement by neurosurgeons 
themselves. The data from Rutleclge and coworkers 
suggesting that ICISS may be a better indicator of 
survival that outperforms TRISS as an accurate 

predictor of'survival in neurotrauma patients requires 
further studies to supporl. 

REFERENCES 

DeHaven H. The site, frequency and dangerousness of 
injury sustained by 800 survivors of light plane accidents. 
New York Crash lnjury Research, Department of Pubi~c 
Health and Prevention Med~cine, Cornell University Medical 
College. 1952. 
Hoyt DB, Mikuiaschek AW, Winchell RJ Trauma triage and 
interhospital transfer. In: Mattox KL, editor Trauma, Voll . 
4th ed. McGraw-Hill: 2000. p. 81-99 
Kirkpatrick JR, Youmans RL. Trauma index: an aide in 
evaluation of injury victims. J Trauma 1971: 14. 934. 
Teasdaie G. Jennett B. Assessment of coma and impaired 
consciousness: a practical scale. Lancet 1974: 2: 81. 
Meredith W, Rutledge R, Hansen AR, et al. Field triage of 
patients based upon the ability to follow command: Astudy 
in 29.573 injured patients. J Trauma 1995: 38: 129. 
Gibson RM, Stephenson GC. Aggressive management of 
severe closed head trauma: Time for reappraisal. Lancet 
1989: 2: 369. 
Marshall LF, Marshall SB, Klauber MR. et al. The diagnosis of 

head injury requires a classification based on computed 
axial tomography. J Neurotrauma 1992: 9: S287. 
Morray JP, Tyler DC, Jones TK, et ai. Coma scale for use in 
brain -injured children. Crit Care Med 1984, 12: 1018, 
Baker SP, O'Neill B, Haddon W, eta1 The injury severity score: 
A method for describing patients with multiple injuries and 
evaluating emergency care. J Trauma 1974: 14 187. 

Baker SP, O'Neill B. The lnjury Severity Score: An update. J 

Trauma 1976. 16: 822. 
Champion HR, Sacco WJ, Hannan DS, et al Assessment of 

injury severity: The triage index. Crit Care Med 1980: 8: 201. 

12, Champion HR, Sacco WJ, Copes WS, et al. Trauma score. 
Crit Care Med 1981; 9: 672. 

13. Gormican SP CRAM scale, Field triage of trauma victims. 

Ann Emerg Med 1982; 1 1 : 132. 
14. Koehler JJ, Baer LJ, Malafa SA, et al. Prehosp~tal index: a 

scoring system for field tr~age of trauma victims. Ann Emerg 
Med 1986: 15: 178. 

15. Koehler JJ, Malafa SA, Hillesland J, et al A multicenter 
validation of the prehospital index Ann Emerg Med 1987: 

16: 380. 
16. Osler T, Rutledge R, Deis J, Bedrick E. ICISS: an International 

Classification of Disease-9 based injury severity score J 
Trauma 1996: 41 : 380 

17. Champion HR, Sacco WJ, Copes WS, et at. A revision of the 
trauma score. J Trauma 1989; 20: 188. 

18. Champion HR,Frey CF,Sacco WJ. Determinationof national 
normative outcomes for trauma. J Trauma 1984: 24: 651. 

19. Baxt WG, Jones G, Fortlage D. The trauma triage rule: a 
new. resource-based approach to the prehospital 
identification of major trauma victims. Ann Emerg Med 
1990, 19: 1401. 

20. Poole GV. Tinsley M,Tsao AK,Thomae KR, et al. Abbreviated 

lnjury Scale does not reflect the added morbidity of multiple 
lower extremity fractures. J Trauma 1996; 40: 951. 

21. Rutledge R, lnjury severity and probability of survlval 
assessment in trauma pat~ents using predictive hierarchical 
network model derived from ICD-9 codes. J Trauma 1995: 
38: 590. 

22. Rutledge R, Hoyt DB, Eastman AB, et al. Comparison of the 
Injury Severity Scoreand ICD-9diagnosis codes as predictors 
of outcome in injury: analysis of 44,032 patients. J Trauma 

1997; 42: 447. 

23. Rutiedge R, Osler T, Emery S, Kromhout-Schiro S. The end of 
the lnjury Severity Score (ISS) and the Trauma and Injury 
Severity Score (TRISS): ICISS, and International Classification 
of Disease, Ninth Revision-based prediction tooi.outperforms 
both ISS and TRISS as predictors of trauma patient survival, 
hospital charges, and hospital length of stay. J Trauma 1998: 
44: 41. 

24. Hannon E L, et al. Predictors of Mortality in Adult Patients 
With Blunt Injuries In New York State: A Comparison of the 
Trauma and lnjury Severity Score (TRISS) and the International 
Classification of Disease, Ninth Revision-based lnjury Severity 

Score (ICISS). J Trauma 1999; 47: 8-14. 
25. Norwood S, Myers MB. lnjury severity scoring. Perspective In 

development and future directions. Am J Surg 1993: 129: 43. 

26. Champion HR, Copes WS, Sacco WJ, et al. The Major 

Trauma Outcome Study: Establishing national norms for 
trauma care. J Trauma 1990; 30: 1356. 

27. Boyd CR. Tolson MA, Copes WS. Evaluating Trauma Care 

The TRISS Method. J Trauma 1987; 27:370-378. 
28. Morris JA Jr, MacKenzie EJ, Damian A, et al. Mortality in 

trauma patients. J Trauma 1990; 30: 1476. 
29. KrausJF. Epidemiology of head injury, In: Cooper PR,editor 

Head injury. Baltimore: Williams & Wilkins; 1987. p. 1-19. 

30. GisaneW. Thenatureand causation of road injuries. Lancet 



Wongsirisuwan M Thai J Surg Jan. - Mar, 2003 

1963; 2: 695. 
31 Kalsbeek WD, McLaurin RL, Harris BS 111, et ai. The national 

head and spinal cord injury survey: major findings. J 
Neurosurg 1980; 53: 19. 

32 Choi SC, Muizeiaar JP, Barnes TY, et ai. Prediction tree for 

severely head-injured patients. J Neurosurg 1991: 75: 251. 
33. Strich SJ. Shearing of nerve fibers as a cause of brain 

damage due to head injury. Lancet 1961; 2: 443. 
34. Povlishock JT. Traumatically induced axonai injury: 

Pathogenesisand pathobiological implications. Brain Pathol 
1992; 2: 1.  

35. Alex B. Vaiadka, injury to the cranium. In: Mattox KL, editor. 
Trauma 4th ed. New York McGraw-Hill; 1985. p. 377-99. 

36. Morris JA Jr, MacKenzie EJ, Edeistein SL. The effect of 
preexisting conditions on mortality in trauma patients. JAMA 
1980; 263: 1942. 

37. Offner PJ, Jurkovich GH, Gurney J, Rivara FP. Revision of 

TRlSS for intubated patients. J Trauma 1992; 32: 32, 
38. Meredith W. Rutiedge R, et al. The conumdrum of the 

Giasgow Coma Scale in intubated patients: A linear 
regression prediction of the Giasgow verbal score from the 

Giasgow eye and motor scores. J Trauma, 1998. 
39. Baxt WB, Berry CC, Epperson MD. The failure of prehospital 

trauma prediction rules to classify trauma patients 
accurately. Ann Emerg Med 1989; 18:21. 

40. Lowe DK, Oh GR, Neely KW, et al. Evaluation of injury 
mechanism as a criterion in trauma triage. Am J Surg 1986: 

152: 6. 
41. Faiion WF. Barnoski AL, Mancuso CL, et al. Benchmarking 

the quality monitoring process: A comparison of outcomes 

analysis by Trauma and Injury Severity Score (TRISS) 

methodology with the peer-revlew process. J Trauma 1997: 
42: 810. 




