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Introduction

In the severe trauma patients, the process of initial treat-
ment, transfer and evaluations are very important for the 
prognosis of patients, including death. The concept of “pre-
ventable and potentially preventable traumatic death rates” 
is a way to evaluate that process.10) The approach by the rate 

of preventable and potentially preventable traumatic death 
mathematically determines whether a death of a patient was 
preventable in comparison with the ideal case where trau-
matic patients are transferred to hospitals within a proper 
time limit and receive optimal treatment. This allows the 
treatment of a trauma patient to be evaluated, pointing out 
problems.7) The preventable death rate were researched three 
times in South Korea. According to the research of Kim et 
al.,7) in 2009 and 2010, 45.7% of all deaths of severe trau-
matic patients in South Korea were caused by traumatic 
brain injury (TBI). This indicates that departments of neu-
rosurgery treat a larger proportion of trauma patients than 
any other department, and therefore evaluation of their treat-
ment adequacy is important. This study examined the pre-
ventable and potentially preventable traumatic death rates 
of patients who had died from severe TBI between 2013 
and 2014 in our institute. Authors discussed how to reduce 
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the traumatic death rates. 

Materials and Methods

The subjects of this study were 52 patients who had died 
in 2013 and 2014 after being hospitalized for neurosurgery 
treatment via emergency room due to severe traumatic in-
juries in our institution. The exclusion criteria of patients 
was as follows: 1) no sufficient hospital information and 
inability to decide the preventability of death, 2) no diagnos-
tic tests before death of discharge, or 3) death during trans-
port from other hospital after diagnosis of brain injuries. 

Most studies on preventable death rate are based on 
clinical and radiological imaging findings, and the final 
decision of the preventable and potentially preventable 
traumatic death is mainly by professional panel consensus 
discussion.2,4) Similar to previous studied, professional pan-
el consensus discussions were performed for evaluation of 
the preventability.

In this study, two neurosurgeons and one thoracic surgeon 
were designated to evaluate the severity of injury, the state 
of patients upon arrival at the emergency room, and the ap-
propriateness of treatment. We also examined the probabil-
ity of survival (Ps) of trauma score and the injury severity 
score (TRISS), which evaluates the subjects’ sex, age, the 
incident mechanism, whether death was caused by head 
trauma, and the severity of injury.1) The Ps of TRISS was cal-
culated by using the Abbreviated Injury Scale (AIS) and 
Revised Trauma Score (RTS). Based on the severity of the 
injury and the state of the patient, when the AIS score was 
6, or at least two of the following conditions were applica-
ble, the death was judged as non-preventable death first, 
when the AIS score at diagnosis was 5, and the Ps was less 
than 50%; second, upon admission to the hospital, the pa-
tient’s RTS was less than 6, and their Ps was less than 50%; 
and third, the patient had a serious underlying disease 
(chronic renal failure, liver cirrhosis, etc.), or the patients’ 
cause of death was acute myocardial infarction or pulmo-
nary thromboembolism. In addition, patients who refuse 
further treatment or signed the do not resuscitate (DNR) or-
der were classified as non-preventable death. When the pos-
sibility of resuscitation was at least 75%, it was judged as 
a preventable death; when the possibility of resuscitation 
was 25% to 75%, it was judged to be a potentially prevent-
able death; when the possibility of resuscitation was less 
than 25%, it was judged to be a non-preventable death. The 
final preventable and potentially preventable traumatic 
death rates was defined as percentage of all cases of poten-
tially preventable death and preventable death.9)

Enrolled cases were classified into two categories accord-
ing to stage of treatment process: overall preventability and 
hospital preventability. Overall preventability refers to the 
combination of preventable death at pre-hospitalization 
stage and the hospitalization stage. The preventable death 
and potentially preventable death at pre-hospitalization 
stage is judged based on initial treatment and transporting 
to suitable hospital within reasonable time. We evaluated 
the preventable death at pre-hospitalization stage to ana-
lyze relation of death rate, transference time and direct 
transporting to our hospital. We determined the prevent-
able death and potentially preventable death at hospitaliza-
tion stage by analyzing the survival possibility in the pro-
cess of treatment at emergency room, operation room, 
intensive care unit and ward. Each stage problems were an-
alyzed in accordance with the table of the previous studies.7) 
The problem is defined only in relation to the death directly. 

We analyzed the preventable death rate whether performed 
surgery and transferred directly. Also, we compared this 
study with the research of 2012, Korean preventable and 
potentially preventable traumatic death rates. Statistical 
methods were noted in the following tables. All p-values 
of less than 0.05 were considered to indicate statistical sig-
nificance. All statistical analyses were conducted with the 
use of statistical software package SPSS (Version 24.0; SPSS, 
Inc., Chicago, IL, USA). 

Results

The average age of the patients was 63.2±19.75 years 
(range, 10-88 years). There were 40 males and 12 females. 
Among the subjects’ incident mechanisms, slipping down 
accounted for 19 patients, traffic accidents for 14, falling 
for 13, and unknown for 6. The number of patients whose 
Ps of TRISS were less than 25% was 5, and 32 patients, be-
tween 25 and 75%, and 15 patients, above 75%. Among 52 
patients, 26 underwent brain surgery, and 26 were treated 
conservatively (Table 1). 

Overall preventable death rate was 19.2% (10 patients of 
enrolled 52). Most of these patients were cases of poten-
tially preventable death (9 patients, 17.3%). The prevent-
ability of operation group was 11.5% and that of conserva-
tive group was 26.9%. The average time from the accident 
to arrival of hospital was 5 hours and 51 minutes. For the 
overall 52 patients, the average time from the accident to 
death was 288 hours. In patients who had surgery, it was 
306 hours and that of conservative group was 269 hours 
(Table 2). Only the average time from the accident to arriv-
al of hospital between the two groups showed significant 
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differences. The following studies would be needed be-
cause the above analysis did not consider the characteris-
tics and other variables between the two groups. Patients 
who determined preventable death and potentially prevent-
able death with signing the DNR order were 14. They were 
classified to non-preventable death (Table 3). 

For all 52 patients, the average time taken from the acci-
dent to the arrival at the hospital was 5 hours and 51 min-
utes. In the case of patients who were directly transferred to 
the hospital, it was 1 hour and 12 minutes. For patients who 
arrived at the hospital after passing through another hospi-
tal, it was 13 hours and 8 minutes. Among the 26 patients 

who had surgery, the average time from the accident to the 
beginning of surgery was 5 hours and 44 minutes. Among 
the patients who had operations, when the patients were di-
rectly transferred to the our hospital, the average time from 
the accident to the beginning of the operation was 4 hours 
and 52 minutes. In the case of patients passing through oth-
er hospitals, it was 7 hours and 20 minutes. The directly 
transferred patients had less time elapse before surgery (Ta-
ble 4). Like the results of the operation whether, only the 
average time from the accident to arrival of hospital be-
tween the two groups showed significant differences.

Among 52 patients, 130 problems were detected by pan-
el discussions. It was classified structural problems (28 cas-
es of total 130) that were not currently solved. Except struc-
tural problems, problems of process were compared with 
the research of 2012, Korean preventable and potentially 
preventable traumatic death rates. Unlike the research, prob-
lems of process was mostly investigation and dispatch 
problems (Table 5).

Discussion

The preventable and potentially preventable traumatic 
death rates is a concept that has been used in the United 
States and the United Kingdom to evaluate treatments for 
injured patients since the 1960s.3,5,8,14) South Korea performed 
the evaluation three times in total from 1997 to 2009, and 
the whole preventable death rate has been gradually decreas-
ing and is currently comparable to that of advanced coun-
tries.

In this study, overall preventable death rate of the patients 
who were admitted to neurosurgery department was 19.2%. 
The rate of preventable and potentially preventable trau-
matic death was lower than that of the research of 2012, 
Korean preventable and potentially preventable traumatic 
death rates of 35.2%.7) However, the preventable death rates 
of TBI patients were not identified in the research of 2012, 
Korean preventable and potentially preventable traumatic 
death rates. Therefore, it cannot be directly compared with 
the results of this study and that of previous study. We might 
estimated that the preventable death rates of this study is 
lower than that of TBI patient of previous study as follows. 
In our department from 2013, it was established a trauma 
team and system for severe TBI. Though this process could 
not be compared quantitatively to previous studies, the rate 
of preventable and potentially preventable traumatic death 
might be reduced because of decrease of time to transfer-
ence, blood transfusions, initial treatment and consultation 
in emergency room, etc.

TABLE 1. Summary of base-line characteristics

Variable No. of patients 
(n=52)

%

Gender
Male 40 76.9
Female 12 23.1

Age (years)
＜55 16 30.8
≥55 36 69.2

Type of accidents
Motor vehicle accident 14 26.9
Fall 13 25
Slip down 19 36.5
Unknown 06 11.5

Cause of death
Head injury 37 71.2
Organ failure/sepsis 08 15.4
Preexisting condition 02 03.8
Multiple injury 03 05.8
Others 02 03.8

Ps of TRISS
Ps＜25% 05 09.6
25%≤Ps≤75% 32 61.5
Ps≥75% 15 28.8

Operation
Done 26 50
Not 26 50

Transfer
Direct transfer group 29 55.8
Transfer from other hospital group 23 44.2

Average Ps of TRISS 52.93

Average time from accident to 
death

288.22 hours 

Average time from accident to 
incision

005.73 hours

Average time from accident to 
arrival in center

005.85 hours

Ps: probability of survival, TRISS: trauma score and the injury 
severity score
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The number of patients who performed surgery is equal 
to that of conservative therapy group. However, the opera-
tion group’s preventability was 11.5% and that of the pa-
tients with conservative therapy was 26.9%. It shows that 
the rate of the group without surgery was higher. Although 
other variants were not controlled and further study is 
needed, this result might suggest that expanded treatment 
and operations can further decrease the death rate. 

Patients who determined preventable death or potential-
ly preventable death with signing the DNR order were 14. 
This result suggests that expanded treatment and opera-
tions can further decrease the death rate. We propose that 
active recommendations for surgery in accordance with 
the patient’s state might prevent death, during the interview 
with family of patients. 

The quick process to operation is necessary to a severe 
TBI patient who needs operation. In this study, the directly 
transferred patients took a shorter time to arrive at the hos-
pital, and the time to surgery was also shorter. Therefore, 
we suggest that fast transfer to the hospital is needed. It is 
possible to decrease wasted time by connecting certain re-
gions into one area for transference12) and appropriate trans-
ference of patients to hospitals. We can expect better results 

if guidelines and education are given for regional emer-
gency medical technicians, patient transportation, treat-
ment, and triage in the pre-hospital stage.6,11) Coordination 
among operation room personnels is necessary to minimize 
time to incision after the accident and transfer to the emer-
gency center.

TABLE 3. Patients who determined preventable death or potentially preventable death with signing the do not resuscitate

Value PP P PP+P
Operation group (n, %) 05 (35.7) 2 (14.3) 07 (50)

Conservative group (n, %) 06 (42.9) 1 (7.1)0 07 (50)

Total (n, %) 11 (78.6) 3 (21.4) 14
PP: potentially preventable death, P: preventable death

TABLE 4. Comparison of results with direct transfer group and transfer from other hospital group

Value Direct transfer 
group

Transfer from other 
hospital group Total p-value

Average time from accident to death (hours) 288.48 287.88 288.22 0.994*
Average time from accident to arrival in center (hours) 001.87 013.13 005.85 0.011*
Average time from accident to incision (hours) 004.75 007.33 005.73 0.519*
Preventable death rates 003 (3 of 29, 10.3%) 007 (7 of 23, 30.4%) 010 (19.2%) 0.068†

*analyzed through independent-samples t test, †analyzed through chi-square test

TABLE 5. Comparison of problem with the research of 2012, Ko-
rean preventable and potentially preventable traumatic death 
rates

Value National
n (%)

Our institute
n (%)

Treatment 536 (93.1) 096 (94.1)

Consultation 058 (7.1) 015 (14.7)

Resuscitation 202 (30.2) 015 (14.7)

Investigation 052 (8.5) 030 (29.4)

Monitoring 063 (5.2) 004 (3.9)

Dispatch 103 (22.3) 032 (31.4)

Others 058 (7.1) 000 (0)

Diagnosis 014 (2.7) 003 (2.9)

Procedures 013 (1.9) 003 (2.9)

Others 013 (2.7) 000 (0)

Total 576 (100) 102 (100)

p-value 0.000*

*analyzed through chi-square test

TABLE 2. Comparison of results with operation group and conservative group

Value Operation group Conservative group Total p-value
P 000 001 001

0.159† 
PP 003 006 009
NP 023 019 042
P rate* 011.5% (3 of 26) 026.9% (7 of 26) 019.2% (10 of 52)

Average time from accident to death (hours) 306.72 269.72 288.22 0.105*

Average time from accident to arrival in 
center (hours)

002.62 011.08 005.85 0.026‡

*preventable and potentially preventable traumatic death rates, †analyzed through chi-square test,  ‡analyzed through inde-
pendent-samples t test. P: preventable death, PP: potentially preventable death, NP: non-preventable death
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In the analysis of problems of the hospital stage in our 
study, diagnosis and dispatch to other place within hospital 
were more than half. Specifically, lack of immediately avail-
able diagnostic equipment was the most. If diagnostic equip-
ment and paramedics are supplemented, the problems 
might be reduced.

This study has limitations. First, autopsy findings were 
not included in the data. It is possible to evaluate the death 
of reason by final autopsy findings, however this study 
employed clinical findings instead. According to Stothert 
et al.,13) when clinical data and autopsy data are compared, 
there is 30% dissonance. This difference affects 5% of pre-
ventable death judgments. For more precise results, research 
including autopsy findings is essential. Second, this study 
excluded patients who had cardiac arrest when transferred 
to the hospital, as well as during treatment, because their 
death causes were not clear. In this regard, there may be 
selection bias. Third, this study examined a small number 
of patients and single center study. Fourth, to judge the prob-
ability of death, it was carried out by panel consensus dis-
cussion. It is thought that this matter be improved by trying 
quantitative analysis such as TRISS, International Classifi-
cation of Diseases (ICD)-based injury severity score.

Conclusion

In this study, authors report the preventable and poten-
tially preventable traumatic death rates about severe TBI 
during for 2 years. Although various limitations are de-
scribed as above, this study is significant because there are 
not many studies about preventable death rate on severe 
TBI. We identify that the rate of preventable and potential-
ly preventable traumatic death of severe TBI is lower in 
comparison with all patients. Also, quick processing in 
transfer and operation might be supposed to lower the pre-
ventable death rate. For decrease of preventable death rate, a 

follow up research in neurosurgery department is needed.

■ The authors have no financial conflicts of interest. 
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