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Objective : The aims of the Korean Neuro-Trauma Data Bank System (KNTDBS) are to evaluate and improve treatment outcomes for brain trauma,
prevent trauma, and provide data for research. Our purpose was to examine the mortality rates following traumatic brain injury (TBI) in a retrospective
study and to investigate the sociodemographic variables, characteristics, and causes of TBI-related death based on data from the KNTDBS.

Methods : From 2010 to 2014, we analyzed the data of 2617 patients registered in the KNTDBS. The demographic characteristics of patients with
TBI were investigated. We divided patients into 2 groups, survivors and nonsurvivors, and compared variables between the groups to investigate vari-
ables that are related to death after TBI. We also analyzed variables related to the interval between TBI and death, mortality by region, and cause of
death in the nonsurvivor group.

Results : The frequency of TBI in men was higher than that in women. With increasing age of the patients, the incidence of TBI also increased. Among
2617 patients, 688 patients (26.2%) underwent surgical treatment and 125 patients (4.7%) died. The age distributions of survivors vs. nonsurvivor
groups and mortality rates according the severity of the brain injury, surgical treatment, and initial Glasgow Coma Scale (GCS) scores were statistically
significantly different. Among 125 hospitalized nonsurvivors, 70 patients (56%) died within 7 days and direct brain damage was the most common
cause of death (80.8%). The time interval from TBI to death differed depending on the diagnosis, surgical or nonsurgical treatment, severity of brain
injury, initial GCS score, and cause of death, and this difference was statistically significant.

Conclusion : Using the KNTDBS, we identified epidemiology, mortality, and various factors related to nonsurvival. Building on our study, we should
make a conscious effort to increase the survival duration and provide rapid and adequate treatment for TBI patients.
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INTRODUCTION

Traumatic brain injury (TBI) is defined as intracranial injury
resulting from a blunt or penetrating trauma or from accelera-
tion-deceleration of an external force causing neurological or
neuropsychological problems, such as altered mentality, intra-
cranial hematomas, memory impairment, skull fracture, or
death®"”. TBI is a major cause of death and disability around
the world and a leading global socioeconomic and health prob-
lem'”. In the United States, approximately 17000000 people ex-
perienced some kind of TBI each year during 2002-2007, re-
sulting in 275000 hospitalizations (16%), 52000 deaths (3.0%),
and 124000 disabilities*”. The fatality rate has decreased owing

to improved management and systems for treating TBI in soci-
eties wealthy enough to provide modern emergency and neuro-
surgical services. This decrease in death after TBI has resulted
in a concomitant increase in the number of patients living with
disabilities'".

Although many studies in the international literature have re-
ported aspects of the epidemiology and mortality after TBI,
there are few published data from Korean studies”. The Korean
Society of Neurotraumatology established Korean guidelines
for treatment of severe brain injury in 2003, and the need for
patient data treated according to these guidelines is increasing.
The aims of the Korean Neuro-Trauma Data Bank System
(KNTDBS) are to evaluate and improve treatment outcomes for
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brain trauma, prevent trauma, and provide data for research.
Epidemiological studies of TBI are essential to the targeted pre-
vention and effective treatment of brain-injured patients. Our
purpose was to examine the mortality rates following TBI in a
retrospective study and to investigate the sociodemographic
variables and characteristics related to TBI-related hospitaliza-
tion and the characteristics and causes of TBI-related death
based on data from the KNTDBS.

MATERIALS AND METHODS

From 2010 to 2014, we analyzed the data of 2617 patients
registered in the KNTDBS and retrospectively reviewed the
medical records of patients admitted for TBL. The Korean Soci-
ety of Neurotraumatology collected data from 20 institutions
from September 2010 to March 2014 (Fig. 1). They established
a KNTDBS website and provided identifications and passwords
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Fig. 1. Participating institutions. AJUH : Ajou University Hospital, CAUH :
Chung-Ang University Hospital, CBNUH : Chungbuk National University
Hospital, CNNUH' : Chungnam National University Hospital’, CNNUH? :
Chonnam national University Hospital?, DAUH : Dong-A University
Hospital, DGUH : Dongguk University Hospital, DKUH : Dankook
University Hospital, DFH : Daegu Fatima Hospital, EJUH : Eulji University
Hospital, GUGH : Gachon University Gill Hospital, HUHH : Hallym
University Hangang Sacred Heart Hospital, HUKH : Hallym University
Kangdong Sacred Heart Hospital, HUPH : Hallym University Pyeongchon
Sacred Heart Hospital, IHUH : Inha University Hospital, KUKH : Korea
University Guro Hospital, PSNUH : Pusan National University Hospital,
WKUH : Wonkwang University Hospital, WSCH : Wonju Severance
Christian Hospital, YNUH : Yeungnam University Hospital. The Korean
Society of Neurotraumatology collected data from 20 institutions from
September 2010 to March 2014.

to the individuals at each institution assigned to input the data
of trauma patients. All admitted head trauma patients with a
Glasgow Coma Scale (GCS) score over 3 were included. Exclu-
sion criteria were severe extracranial injury, cerebral concus-
sion, and chronic subdural hematoma. The demographic char-
acteristics of patients with TBI, including sex, age distribution,
diagnosis, surgical versus vs. nonsurgical treatment, and out-
come, were investigated. Diagnoses included acute epidural he-
matoma (A-EDH), acute subdural hematoma (A-SDH), trau-
matic subarachnoid hemorrhage (T-SAH), contused intracranial
hemorrhage (C-ICH), diffuse axonal injury (DAI), and other.
Additionally, we divided patients into 2 groups, survivors and
nonsurvivors, and compared variables such as sex, age distribu-
tion, severity of brain injury, diagnosis, treatment, and initial
GCS between the groups to investigate variables that are related
to death after TBI. The severity of brain injury was divided into
3 grades : mild, moderate, and severe. We also analyzed vari-
ables related to the interval between TBI and death, mortality
by region, and cause of death in the nonsurvivor group.

All statistical calculations were performed using SPSS version
20.0 (SPSS Inc., Chicago, IL, USA). The frequencies of variables
were identified using descriptive statistics. Student’s t-tests, or
nonparametric tests when necessary, were employed for analy-
sis of quantitative variables, and Pearson’s x* and Fisher’s exact
tests were used for analysis of categorical variables between sur-
vivors and nonsurvivors. We also used analysis of variance for
continuous variables. Differences were considered statistically
significant if p values were <0.5.

Table 1. Demographic characteristics of patients with traumatic brain
injury

Characteristic n (%)

Sex

Male 1854 (70.8)

Female 763 (29.2)
Age (years)

<20 292 (11.1)

21-40 422 (16.1)

41-60 834 (31.8)

>61 1069 (40.8)
Diagnosis

Acute epidural hematoma 397 (15.1)

Acute subdural hematoma 983 (37.5)

Traumatic subarachnoid hemorrhage 378 (14.4)

Contused intracranial hemorrhage 257 (9.8)

Diftuse axonal injury 44 (1.6)

Other 558 (21.3)
Treatment

Surgical 688 (26.2)

Nonsurgical 1929 (73.7)
Outcome

Survival 2492 (95.2)

Death 125 (4.7)
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RESULTS

Demographic characteristics of patients with TBI
registered in the KTBDS

A total of 2617 patients with TBI were included in this study.
The demographic characteristics of patients are summarized in
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Fig. 2. Distribution of patients with traumatic brain injury according to
age and sex.
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Table 1. There were 1854 men (70.8%) and 763 women (29.2%),
and the frequency of TBI in men was higher than that in wom-
en. The incidence of TBI according to age was lowest in those
<20 years of age (11.1%; n=292). With increasing age of the pa-
tients, the incidence of TBI also increased. There were 422 pa-
tients (16.1%) aged 21-40 years and 834 patients (31.9%) aged
41-60 years. The highest incidence occurred in those aged >61
(40.8%, n=1069). The diagnosis of admitted patients was deter-
mined by the most prominent injury that led to admission. The
most common diagnosis was A-SDH (37.5%; n=983), followed
by other (including skull fractures, massive scalp flap wound,
and mild head injury with a GCS of <14) (21.3%; n=558), A-
EDH (15.1%; n=397), T-SAH (14.4%; n=378), C-ICH (9.8%;
n=257), and DAI (1.6%; n=44). A total of 688 patients (26.2%)
underwent surgical treatment, and 1929 patients (73.7%) un-
derwent nonsurgical treatment. Among 2617 patients, 125 pa-
tients (4.7%) died and 2492 patients (95.2%) survived. The dis-
tribution of patients with TBI according to age and sex is shown
in Fig. 2. For all age groups, the incidence of TBI in men was
higher than that in women. Among the male patients, the trau-
ma incidence was highest in those 41-60 years of age (36.1%;
n=669), but this incidence was similar to that in those aged >61

Table 2. Comparison of clinical characteristics between survivors and nonsurvivors

Characteristic Survivors (n=2492), n (%) Nonsurvivors (n=125), n (%) Total, n (%) Mortality (%)

Sex

Male 1759 (70.6) 95 (76.0) 1854 (70.8) 57

Female 733 (29.4) 30 (24.0) 763 (29.2) 39
Age (years)

<20 287 (11.5) 5 (4.0)* 292 (11.2) 1.7

21-40 414 (16.6) 8(6.4)* 422 (16.1) 1.8

41-60 786 (31.5) 48 (38.4) 834 (31.9) 5.7

>61 1005 (40.3) 64 (51.2)* 1069 (40.8) 59
Severity of brain injury

Mild 1716 (68.9) 3(2.4)* 1719 (65.7) 0.1

Moderate 508 (20.4) 9(7.2)* 517 (19.8) 1.7

Severe 268 (10.8) 113 (90.4)* 381 (14.6) 29.6
Diagnosis

A-EDH 387 (15.5) 10 (8.0)* 397 (15.1) 251

A-SDH 900 (36.1) 83 (66.4)* 983 (37.5) 8.4

T-SAH 364 (14.6) 14 (11.2) 378 (14.4) 37

C-ICH 254 (9.8) 12 (9.6) 266 (9.8) 4.5

DAI 44 (1.8) 0(0) 44 (1.6) 0

Others 552 (22.2) 6(4.8)* 558 (21.3) 1.0
Treatment

Nonsurgical 1878 (75.4) 74 (40.8)* 1952 (73.7) 3.7

Surgical 614 (24.6) 51 (59.2)* 665 (26.3) 7.6
GCS score

13-15 1874 (71.6) 9(0.3)* 1883 (72) 0.04

9-12 314 (12) 18 (0.7)* 332 (12.7) 54
3-8 304 (11.6) 98 (3.7)* 402 (15.3) 24.0

*p<0.05 vs. survivor group. A-EDH : acute epidural hematoma, A-SDH : acute subdural hematoma, T-SAH : traumatic subarachnoid hemorrhage, C-ICH : contused in-

tracranial hemorrhage, DAI : diffuse axonal injury, GCS : Glasgow Coma Scale
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(35.5%; n=658). Among the female patients, the incidence in
those under age 20 (13.2%; n=101) was higher than that in
those aged 21-40 (11.3%; n=86).
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Fig. 3. The interval from traumatic brain injury to death in nonsurvivors.

Table 3. Variables related to the interval from TBI to death

Comparison of clinical characteristics between
survivors and nonsurvivors

The clinical characteristics of both groups are summarized in
Table 2. The mortality of male patients (5.7%) was slightly high-
er than that of the female patients (3.9%), but this difference
was not statistically significant (p=0.194). The age distributions
of survivors vs. nonsurvivor groups were statistically signifi-
cantly different, with mortality rates of 1.7% in those under age
20 (survivors vs. nonsurvivors : 11.5% vs. 4%, p=0.009), 1.8% in
those aged 21-40 (16.6% vs. 6.4%, p=0.002), 5.7% in those aged
41-60 (31.5% vs. 38.4%, p=0.108), and 5.9% in those aged >61
(40.3% vs. 51.2%, p=0.016). As the age of the patients with TBI
increased, so did the mortality rate. The mortality rates accord-
ing the severity of the brain injury show that as the severity in-
creased, the mortality increased, and the difference was statisti-
cally significant (p=0.000). Regarding mortality according to
diagnosis, no patient diagnosed with DAI died, and the mortal-
ity rates in those diagnosed with A-SDH or other groups were
statistically significant (p=0.215). The difference in mortality

. Interval from TBI to death, n Me@ survival Total, n (%)
<7 days 8-14 days 15-30 days >31 days period (days)
Sex
Male 55 20 14 6 133 95 (76)
Female 18 3 8 1 12.8 30 (24)
Age (years)*
<20 3 1 1 0 8.2 5(4)
21-40 6 1 1 0 6.6 8(6.4)
41-60 28 9 7 4 14.8 48 (38.4)
>61 36 12 13 3 12.5 64 (51.2)
Diagnosis*
A-EDH 5 1 2 2 26.7 10(8)
A-SDH 52 17 11 3 116 83 (66.4)
T-SAH 8 4 2 0 6.8 14 (11.2)
C-ICH 7 0 4 1 10.6 12 (9.6)
DAI 0 0 0 0 0.0 0(0)
Others 1 1 3 1 23.0 6(4.8)
Treatment*
Nonsurgical 36 8 7 0 6.8 51 (40.8)
Surgical 37 15 15 7 17.2 74 (59.2)
Severity of brain injury*
Mild 0 2 0 1 26.0 3(24)
Moderate 1 3 1 23.0 9(7.2)
Severe 72 18 18 5 11.7 113 (90.4)
Mean initial GCS score 4.78 7.35 6.64 943
Cause of death*
Direct brain damage 67 18 15 1 8.5 101 (80.8)
Complications of IM 1 5 6 5 40.2 17 (13.6)
Accompanied other site injury 4 0 0 0 23 4(32)
Other 1 0 1 1 30.3 1(0.8)

*p<0.05. TBI : traumatic brain injury, ISC : injury severity score, A-EDH : acute epidural hematoma, A-SDH : acute subdural hematoma, T-SAH : traumatic subarachnoid
hemorrhage, C-ICH : contused intracranial hemorrhage, DA : diffuse axonal injury, GCS : Glasgow Coma Scale, IM : internal medicine
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Table 4. Mortality by region

Mortality and Epidemiology of KNTDBS 2010-2014 | SY Song, et al.

Region Survivors (n) Nonsurvivors (n) Total Mortality (%)
Seoul 708 39 747 52
Gyeonggi 22 26 153
Incheon 2 2 0
Gangwon 387 12 399 3.0
Chungcheong 596 30 626 47
Gyeongsang 224 10 234 42
Daegu 106 2 108 1.8
Busan 385 25 410 6.0
Jeolla 62 3 65 4.6
40 (6.6%). As the time interval increased, a nonsignificant trend
4(32%) of a decrease in the number of deaths was observed in all age

Direct brain damage
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Fig. 4. The cause of traumatic brain injury in nonsurvivors.

rates between nonsurgical (3.7%) and surgical (7.6%) treatment
was statistically significant (p=0.101). Regarding GCS scores at
the time of diagnosis, mortality increased as GCS score de-
creased, and the difference was statistically significant (p=0.000).

The interval from TBI to death in nonsurvivors

Among 125 hospitalized nonsurvivors, 73 patients (58.4%)
died within 7 days, 23 patients (18.4%) died within 8-14 days,
22 patients (17.6%) died within 15-30 days, and 7 patients (5.6%)
died after 1 month (Fig. 3).

Variables related to the interval from TBI and death
in nonsurvivors

Table 3 shows the clinical characteristics according to the in-
terval from TBI to death in nonsurvivors. The largest number
of patients died within 7 days in both male and female groups.
In the male group, as the time interval (<7, 8-14, 15-30, and >31
days) increased, the number of deaths decreased (n=55, 20, 14,
and 6, respectively) with a mean survival period (MSP) of 13.3
days. In the female group, the number of deaths within 15-30
days was more than that within 8-14 days (n=18, 3, 8, and 1,
respectively) with a MSP of 12.8 days, but this difference was
not statistically significant (p=0.291). For all age groups (<20,
21-40, 41-60, and 261 years), the frequency of death was high-
est within 7 days (n=3, 6, 28, and 36, respectively). Those aged
41-60 had the longest MSP (14.8 days), followed by those aged
>61 (12.5 days), those aged <20 (8.2 days), and those aged 21-

groups (p=0.991). The diagnoses in decreasing order of MSP
were A-EDH (26.7 days), other (23 days), A-SDH (11.6 days),
C-ICH (10.6 days), and T-SAH (6.8 days). The time interval
from TBI to death differed depending on the diagnosis, and this
difference was statistically significant (p=0.049). The time inter-
val from TBI to death (<7, 8-14, 15-30, and =31 days) differed
depending on whether patients received surgical treatment
(n=37, 15, 15, and 7, respectively; MSP, 17.2 days) or nonsurgi-
cal treatment (n=36, 8, 7, and 0, respectively; MSP, 6.8 days).
This difference was statistically significant (p=0.044). The high-
er the severity of brain injury (mild, moderate, and severe), the
shorter the interval from TBI to death (MSP : 26, 23, and 11.7
days, respectively), and this difference was statistically signifi-
cant (p=0.107). The longer the interval from TBI to death (<7,
8-14, 15-30, and >31 days), the higher the initial GCS score
(4.78,7.35, 6.64, and 9.43, respectively), and this difference was
statistically significant (p=0.000). The causes of death in de-
scending order of MSP were complications of internal medicine
(40.2 days), other (30.3 days), direct brain injury (8.5 days), and
accompanied other site injury (2.3 days). The time interval
from TBI to death differed depending on the cause of death,
and this difference was statistically significant (p=0.001).

Mortality by regional group

Not including the 2 regions of Gyeonggi (n=26; mortality
15.3%) and Incheon (n=2, mortality 0%), because there were so
few data available from these regions, mortality according to re-
gion was highest in Busan (n=410, mortality 6.0%) and lowest
in Daegu (n=108, mortality 1.8%) (Table 4).

Cause of TBI in nonsurvivors

Among nonsurvivors, direct brain damage was the most
common cause of death (80.8%, n=101) followed by complica-
tions of internal medicine (13.6%, n=17), accompanied other
site injury (3.2%; n=4), and other (2.4%; n=3) (Fig. 4).

DISCUSSION

Irrespective of age, TBI rates are reported as higher in male
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patients throughout the literature*”'>'*'®, Males undergo
twice as many TBIs as females do and have a 4-fold higher risk
of lethal TBI. Males account for two-thirds of childhood and
adolescent TBI'"”. Our study also showed that there were nearly
2.4 times as many male patients as female patients, and the
mortality of male patients was 1.5 times higher than that of fe-
male patients. However, the number of female patients in-
creased rapidly in those aged =61, which may be because of an
increasing life expectancy and women's social activities. TBI is
known to be more common in young people, and the highest
incidence occurs in young adults aged 15-24 years”. Peak age is
similar for males and females. Twenty percent of TBIs occur in
the pediatric age group (birth to 17 years). The highest mortali-
ty rate (32.8 cases per 100000 people) is found in persons aged
15-24 years. The mortality rate in patients who are elderly (65
years or older) is approximately 31.4 individuals per 100000
people”. Haring et al.” found that between 2000 and 2010,
950132 TBI-related hospitalizations occurred in adults aged 65
years or older in the United States, along with 107666 TBI-relat-
ed deaths. Our study showed that as the age of patients in-
creased, the incidence of TBI also increased, and the proportion
of middle-aged and older adults was higher compared with that
reported from other countries. This difference may result from
the different socioeconomic statuses of different countries. So-
cioeconomic status appears to affect the incidence of TBI. The
median age of people with head injuries has increased in first-
world countries, because the fall-related TBI rate increases as
the population ages'”.

In our study, the diagnoses in decreasing order of the number
of TBI patients admitted were A-SDH, other, A-EDH, T-SAH,
and C-ICH, and this result may be owing to the role of Univer-
sity Hospital that has to admit patients who have more serious
injury first. Development of traumatic ICH is the most impor-
tant complication of TBI. Traumatic ICH occurs in 25-45% of
patients with severe TBI, 3-12% of patients with moderate TBI,
and approximately 1 in 500 patients with mild TBI'”. Among
the most serious complications of TBI might be A-SDH and A-
EDH. The difference in the severity of the diagnosis is without
a doubt a leading reason for the difference in mortality, which
was also confirmed by our study. Since brain computed tomog-
raphy has been widely used for TBI, most studies have reported
mortality rates of approximately 3-12% for A-EDH, 41-70%
for A-SDH, and 28% for overall mortality for A-EDH and A-
SDH". The results of our study showed an improvement in
terms of mortality with 2.5% for A-EDH, 8.4% for A-SDH, and
6.7% overall for A-EDH and A-SDH. These improved out-
comes can be ascribed to the rapid patient transport system
from accident to hospital and improvements in rescue and sur-
gical practices in Korea.

In Korea in 1998, Lee” reported that the total number of pa-
tients with head injury was 109462, and surgery was performed
in 20.2% with an average mortality of 4.0%. Our study showed
that surgery was performed in 26.2%, and the mortality of the

surgical treatment group (7.6%) was higher than that of the
nonsurgical treatment group (3.7%). Despite recent advances in
medical technology, selection bias with respect to registration of
patients in the KTBDS and broad indications for surgical treat-
ment of severely injured patients may account for the higher
surgical mortality rate of our study compared with that of 17
years ago. The initial GCS score has been used to classify TBI
into levels of severity and predict the prognosis, with mild TBI
(GCS score 13-15) reported to have 0.1% mortality, moderate
TBI (GCS score 9-12) reported to have 10% mortality, and se-
vere TBI (GCS score <9) reported to have 40% mortality”.
However, our study showed that the mortalities of mild, mod-
erate, and severe head injury were 0.04%, 5.4%, and 24%. Al-
though the mortality rate was also high in severe TBI and was
low in moderate and mild TBI in our study, we showed im-
provement in terms of mortality for all 3 severity categories.
The reason for these improved outcomes may be the same as
the aforementioned reasons for the recent decrease of mortality.

Among the many studies about death after TBI, to the best of
our knowledge, there is no paper that evaluated the time inter-
val from TBI to death. Because the complex pathophysiological
mechanisms of TBI and various variables are multifactorial and
the opinions on preferred strategies may vary, precise and rea-
sonable results and comparisons are difficult. Our study also
showed that MSP was not related to mortality in the nonsurvi-
vor group. MSP was similar in male and female patients. MSP
was longer in those who were aged 41-60, had A-EDH, under-
went surgical treatment, or had a mild brain injury and in those
whose cause of death was complications of internal medicine.
Deaths from TBI are more common in rural than in urban ar-
eas, because the outcome largely depends on prompt and quali-
ty care to such patients, which is deficient in rural areas'®. Our
study showed similar levels of mortalities according to region,
which may be accounted for by equalized medical treatment for
TBI and hospital accessibility. The incidence of TBI has been
decreasing because of the introduction of preventive measures
and as a result of better enforcement of drunk driving laws. The
length of stay in acute hospitals and rehabilitation facilities has
been declining because of the increased demand for facilities
and because of the resources that are available in the communi-

ty for patients who are discharged early™".

Study limitations

There are several limitations of this study. First, we could not
identify the number of TBI patients who were not registered in
the KNTDBS. Therefore, we cannot rule out the possibility of
selection bias in our data. Furthermore, we have some doubt
about the reliability and accuracy of the data because some in-
complete data were identified. Second, there is a lack of precise
criteria and definitions of multiple or combined injuries in the
diagnosis categories as well as in diagnoses classified as other.
Third, there are also no precise criteria for the separate category
of severity of brain injury (mild, moderate, and severe), even
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though there was a category of initial GCS score. Therefore,
when data were registered, there is a possibility that the severity
of brain injury was decided subjectively. Fourth, the socioeco-
nomic conditions, traffic systems, demographic characteristics,
and educational attainment according to region were not con-
sidered in the analysis of mortality. Fifth, we need more precise
and detailed classification with respect to the causes of TBI in
Nonsurvivors.

CONCLUSION

Traumatic events can be prevented through public relations
campaigns when various causes of trauma are collected by a
TDBS. Data extracted from the TDBS can be used in research
and can contribute to new treatment guideline and attempts.
Using the KNTDBS, we identified epidemiology, mortality, and
various factors related to nonsurvival. Inadequate treatment
may be a cause of increased morbidity and mortality in TBI pa-
tients. Although there are limitations, we believe this study is
worthwhile for considering the survival period of nonsurvivors
for the first time. Building on our study, we should make a con-
scious effort to increase the survival duration and provide rapid
and adequate treatment for TBI patients. We also hope our
study may play a role in improving and compensating for the
defect of the KNTDBS in the future.
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