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Background: Because of the aging of the Japanese population, traumatic brain injuries (TBI) have in-

creased in elderly adults. However, the effectiveness and prognosis of intensive treatment for geriatric

TBI have not yet been determined. Thus, we used nationwide data from the Japan Neurotrauma Data

Bank (JNTDB) projects to analyze prognostic factors for intensive and aggressive treatments.

Methods: We analyzed 1,879 geriatric TBI cases (age �65 years) registered in four JNTDB projects: Pro-

ject 1998 (P1998) to Project 2015 (P2015). Clinical features, use of aggressive treatment, and 6-month out-

comes on the Glasgow Outcome Scale (GOS) were compared among study projects. Logistic regression

was used to identify prognostic factors in aggressively treated patients.

Results: The percentage of geriatric TBI cases significantly increased with time-P1998: 30.1%; Project

2004 (P2004): 34.6%; Project 2009 (P2009): 43.9%; P2015: 53.6%, p<0.0001). Use of aggressive treatment

also significantly increased, from 67.0% in P1998 to 69.3% in P2015 (p<0.0001). Less invasive methods,

such as trepanation and normothermic targeted temperature management, were more often chosen for

geriatric patients. These efforts resulted in a significant decrease in the 6-month mortality rate, from

76.2% in P1998 to 63.1% in P2015 (p=0.0003), although the percentage of severely disabled patients in-

creased, from 8.9% in P1998 to 11.1% in P2015 (p=0.0003). Intraventricular hemorrhage was the factor

most strongly associated with unfavorable 6-month outcomes (OR 3.79, 95% CI 1.78-8.06, p<0.0001).

Conclusions: Less invasive treatments reduced mortality in geriatric TBI but did not improve functional

outcomes. Patient age was not the strongest prognostic factor; thus, physicians should consider charac-

teristics other than age. (J Nippon Med Sch 2021; 88: 194―203)
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Introduction

In Japan, the age distribution for traumatic brain injury

(TBI) is rapidly changing. In past reports from the Japan

Neurotrauma Data Bank (JNTDB), the ratio of TBIs in

young people as a proportion of the entire population

decreased, whereas the ratio of TBIs in elderly adults in-

creased1. The number of geriatric TBIs is expected to in-

crease as society ages, which will have a substantial ef-

fect on society, including medical economics. In this situ-

ation, there is an urgent need for measures to deal with

geriatric brain injury, but there is still no specific treat-

ment strategy2. Thus, it is important to develop and dis-

cuss medical interventions to be adopted by neurotrauma

surgeons and evaluate patient outcomes.

The aim of this study was to use nationwide data from

the JNTDB projects to identify prognostic factors for in-

tensive and aggressive treatments in these patients. We

examine and discuss cases registered in the JNTDB pro-

jects (P1998, P2004, P2009, and P2015), including treat-

ments provided to geriatric TBI cases in Japan and pa-

tient outcomes. Furthermore, we also examined and dis-

cuss how aggressive treatments like surgery, intracranial
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pressure (ICP) monitoring, and active thermoregulation

were selected, as indicated by JNTDB data.

Materials and Methods

The Japan Neurotrauma Data Bank

The JNTDB is a Japanese nationwide registry designed

to collect and report data on patients with TBI in Japan.

This project was initiated by the Japan Society of Neuro-

traumatology in 1997. The data sheet of the JNTDB was

composed of 392 items, including information on the

characteristics of the injury and diagnosis, treatment, and

complications with respect to treatment outcome3.

After conducting a pilot study in 1997, a 3-year nation-

wide study was started in 1998 (P1998). The inclusion

criteria were severe TBI in patients (1) with an initial

Glasgow Coma Scale (GCS) score of less than eight or (2)

a decrease in GCS score within 48 hours of injury onset

and the start of treatment. In P1998, data were collected

from 1,002 prospective TBI cases. Subsequently, P2004

was performed from January 2004. In P2004, patients of

all ages were included, and data were collected from

1,101 prospective cases. P2009 commenced in January

2009, was completed in 2012, and included 1,091 cases. P

2015 was completed in 2018. The P2015 study included

data taken from 32 level-one emergency medical centers,

and 1,345 patients were added to the database over its

duration. All study projects were submitted and ap-

proved by the institutional review board of each partici-

pating institute. Patients or patient relatives were fully

informed about this study with a letter and on the web-

site of each center, and the opportunity to opt-out was

provided to all participants.

Study Procedure

This was a retrospective cohort study of data in

JNTDB. For our analysis of cases registered in the JNTDB

database (P1998: 1998-2001, 10 facilities, 1,002 cases; P

2004: 2004-2006, 19 facilities, 1,101 cases; P2009: 2009-

2011, 22 facilities, 1,091 cases; P2015: 2015-2017, 32 facili-

ties, 1,345 cases), the geriatric group included patients 65

years of age or older. We compared aging rate, age, gen-

der, ratio of diffuse brain injury and focal brain injury,

GCS score at initial consultation, Injury Severity Score

(ISS), length of hospital stay, vital signs, blood gas find-

ings, pupil findings, and computed tomography (CT)

findings. For CT findings, we examined the presence of

vault fractures, basilar skull fractures, pneumocephalus,

traumatic subarachnoid hemorrhage, and intraventricular

hemorrhage and compared the proportion of patients

with diffuse injury, based on the Traumatic Coma Data

Bank (TCDB) classification of Diffuse injury I-IV and the

proportion of those with focal injury, based on the pres-

ence of an evacuated and non-evacuated mass.

To examine treatment transitions, we compared the

proportion of patients managed with different types of

treatment, including craniotomy, trepanation, trepanation

after craniotomy, barbiturate therapy, active thermoregu-

lation (therapeutic hypothermia, intentional normother-

mia), and ICP monitoring. We compared aggressive treat-

ment (cases treated with any type of treatment involving

craniotomy, trepanation, active thermoregulation, barbitu-

rate therapy, or ICP monitoring) and non-aggressive

forms of treatment. The length of hospital stay and GOS

score at 6 months after injury were compared among

projects as patient outcomes.

The data obtained from P1998, P2004, P2009, and P

2015 were examined retrospectively using univariate

analysis to clarify the characteristics of patients with poor

outcomes (severe disability, vegetative state, and death)

for geriatric brain injury. Prognostic factors for poor out-

comes were examined with multiple logistic regression

analysis.

The mean value of each item is displayed as mean ±

SD, and the t-test was used for two-group comparisons.

The chi-square test was used for comparison of categori-

cal data. Analysis of variance was used for four-group

comparisons. A P value of less than 0.05 was considered

to indicate statistical significance.

Results

Study Population

Using the study criteria, we extracted 1,879 cases from

the JNTDB dataset, which was collected over 20 years.

Data for 6-month outcome were missing in 421 cases.

Therefore, logistic analysis to detect 6-month prognostic

factors used data from 1,458 cases (Fig. 1).

Transition in Age Composition and Changes in Ag-

ing Rate in Each Project

Figure 2 shows the age composition of patients in each

project. In P1998, the inclusion criterion for data registra-

tion was patients 6 years of age and older. Therefore, in

Figure 2, the category 0-9 years in P1998 was limited to

6-9 years. P1998 had a bimodal distribution with two

clear peaks, at 20-29 years and 60-69 years. However,

from P2004, the peak at 20-29 years decreased and the

peak at 60-69 years increased, which resulted in a mono-

modal tendency. Furthermore, in P2015, the number of

patients in the age group �60 years continued to in-

crease. The age distribution peak shifted to 70-79 years
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Fig. 1 Study flow diagram.

A total of 1,879 cases were extracted from the dataset of four JNTDB project databases, which were col-

lected over a recent 20-year period. The 6-month outcome data were missing for 421 cases, and data from 

1,458 cases were analyzed by logistic regression to identify prognostic factors in elderly TBIs.

Abbreviations: GOS, Glasgow Outcome Scale; GR, good recovery; MD, moderate disability; SD, severely 

disabled; VS, vegetative state; D, dead.

Fig.　2　Age distribution of patients in the four projects.

The patients in project 1998 were registered from age 6 years; therefore, the young-

est age category was 6–9 years. The number of patients older than 60 years rapidly 

increased.

and changed to a shape with a gentle downward slope

toward the younger age groups.

The aging rate (percentage of patients aged �65 years)

significantly increased across projects (Fig. 3), from 30.1%

in P1998 to 34.6% in P2004, 43.9% in P2009, and 53.6% in

P2015 (p<0.0001). There was a significant increase in the

percentage of elderly-elder (age �75 years) among elders

(P1998: 14.6%, P2015: 33.3%, p<0.0001, Fig. 3).
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Fig.　3　Percentage of young (<65), younger-elder (65–74 

years old), and elderly-elder (≥75) patients in each 

project period.

In geriatric traumatic brain injury (TBI) popula-

tions, the number of elderly-elder geriatric patients 

(over 75 years of age) has been increasing. Cur-

rently in Japan, half of all TBIs occur in patients 

older than 65 years of age.

Table　1　General clinical features of geriatric traumatic brain injury patients in four projects

Project 1998 2004 2009 2015 p-value

N (>65 y.o) 298 381 479 721

Gender

Male 189 229 283 376

< 0.0001Female 103 152 196 345

Unknown   5   0   0   0

Age 75.3 ± 7.4 75.4 ± 6.9 77.1 ± 7.5 77.5 ± 7.6 < 0.0001

Physical severity

GCS score Median (IQR) 5.0 (4.0-8.0) 6.0 (4.0-9.2) 6.0 (4.0-9.0) 6.0 (4.0-9.0) 0.0125

Systolic blood pressure (mm Hg) 140.2 ± 53.9 150.3 ± 49.4 147.0 ± 47.9 150.0 ± 45.3 0.0204

Heart rate (/min) 86.6 ± 31.6 87.4±26.2 86.5±27.0 87.6 ± 26.1 0.8873

Respiratory rate (/min) 19.4 ± 9.0 20.5 ± 8.0 20.3 ± 9.9 19.6 ± 7.4 0.3019

Body temperature (°C) 36.1 ± 1.1 36.0 ± 1.2 36.1 ± 1.2 36.2 ± 1.3 0.1495

PaO2 (mm Hg) 177.8 ± 142.2 217.9 ± 141.7 219.9 ± 144.1 192.3 ± 142.42 0.0003

PaCO2 (mm Hg) 39.8 ± 20.4 40.2 ± 14.3 39.0 ± 10.6 42.1 ± 15.6 0.0098

pH 7.38 ± 0.13 7.38 ± 0.12 7.38 ± 0.11 7.37 ± 0.12 0.4631

Pupil abnormality (N, %) 122 (40.9) 166 (43.6) 207 (43.2) 248 (34.4) 0.0036

Anatomical severity

ISS Median (IQR) 25.0 (25.0-27.0) 25.0 (17.0-29.0) 25.0 (16.0-27.0) 25.0 (17.0-27.0) 0.0353

Vault fracture (N, %) 144 (48.3) 179 (47.0) 185 (38.6) 304 (42.2) <0.0001

Basal skull fracture (N, %) 25 (8.4) 48 (12.6) 94 (19.6) 151 (20.9) <0.0001

Intracranial air (N, %) 10 (3.3) 40 (10.5) 66 (13.8) 108 (15.0) <0.0001

Traumatic subarachnoid hemorrhage 166 (55.7) 221 (58.0) 330 (68.9) 524 (72.7) <0.0001

IVH 47 (15.8) 43 (11.3) 65 (13.6) 127 (17.6) <0.0001

Focal injury (N, %) 256 (44.1) 298 (78.2) 358 (74.7) 539 (74.8) 0.0007

Diffuse injury (N, %) 42 (55.9) 83 (21.8) 121 (25.3) 182 (25.2) 0.0007

Abbreviations: ISS, Injury Severity Score; GCS, Glasgow Coma Scale; IVH, intraventricular hemorrhage. IQR: interquartile range

Transition in the Physiology and Anatomical Severity

of Geriatric TBI Patients

The general clinical features of geriatric patients with

TBI in the four projects are shown in Table 1. In P1998,

the ratio of males was larger (63.4%) but significantly de-

clined to 52.1%, in P2015. There was also a significant in-

crease in the average age of cases in the elderly group (P

1998: 75.3 ± 7.4 years vs P2015: 77.5 ± 7.6 years, p<

0.0001). The median GCS score on hospital arrival was

5.0 in P1998, which significantly increased to a mean of

6.0 in P2015. These results suggest that the significant in-

crease in motor score in particular might have affected

this outcome.

There were no significant differences in heart rate, res-

piratory rate, body temperature, or pupil findings among

patients in the four projects, but there was a significant

increase in systolic blood pressure, PaO2, and PaCO2 on

hospital arrival. There was a reduction in ISS, which

shows the anatomical severity of the condition-median

(IQR): P1998, 25.0 (25.0-27.0) vs P2015, 25.0 (17.0-27.0); p

= 0.035)-and, detailed findings from initial CT scans

showed a significant reduction in vault fractures and a

significant increase in basilar skull fracture and pneumo-

cephalus, traumatic subarachnoid hemorrhage, and intra-

ventricular hemorrhage (IVH) (p<0.0001, chi-square test).

A comparison of the ratio of diffuse/focal injury showed
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Table　2　Transition of treatment in elders with traumatic brain injury

Project 1998 2004 2009 2015 p-value

Surgical procedure

Burr hole and irrigation (including HITT) N, (%) 43 (11.8) 40 (10.5) 97 (20.5) 172 (23.9) <0.0001

Craniotomy N, (%) 102 (34.2) 152 (39.9) 184 (38.4) 236 (32.7) 0.0313

HITT followed by craniotomy N, (%) 6 (2.0) 3 (0.8) 29 (6.1) 12 (1.7) 0.0585

Critical care

ICP monitoring N, (%) 67 (22.5) 73 (19.2) 116 (24.2) 264 (36.6) <0.0001

Barbiturate N, (%) 3 (1.0%) 3 (0.8%) 15 (3.1%) 0 (0) 0.1339

Intensive temperature treatment N, (%) 20 (6.7) 101 (26.6) 144 (30.1) 163 (22.6) <0.0001

Hypothermia N, (%) 20 (6.7) 19 (5.0) 29 (6.1) 11 (1.5) 

Intensive normothermia N, (%) - 83 (21.8) 115 (24.0) 152 (21.1) 

Aggressive treatment N, (%) 157 (67.0) 226 (58.7) 344 (71.4) 500 (69.3) <0.0001

Abbreviations: HITT, hematoma irrigation and trepanation therapy; ICP, intracranial pressure.

Table　3　Glasgow Outcome Scale Scores at discharge

Project 1998 2004 2009 2015 p-value

Total 290 381 479 721

Length of hospital stay (days) 27.6 ± 42.8 34.5 ± 51.8 29.0 ± 42.8 26.9 ± 34.2 0.0357

GOS on discharge (N, %)

GR 22 (7.4) 29 (7.6) 29 (6.1) 47 (6.5) 0.0003

MD 20 (6.7) 38 (10.0) 47 (9.8) 70 (9.7)

SD 44 (14.8) 79 (20.7) 95 (19.8) 168 (23.3)

VS 24 (8.1) 50 (13.1) 58 (12.1) 111 (15.8)

D 188 (62.8) 185 (48.6) 250 (52.2) 322 (44.7)

Survival rate (N, %) 102 (35.1) 196 (51.4) 229 (47.8) 399 (55.3) <0.0001

Dependent survivors (N, % in all) 68 (23.2) 129 (33.9) 153 (31.9) 279 (39.1) <0.0001

Abbreviations: GR, good recovery; MD, moderate disability; SD, severely disabled; VS, vegetative state; D, death.

an increase in focal injuries and a decline in diffuse inju-

ries over time (p = 0.0007).

Transition in Treatment of Geriatric TBI Patients

A comparison of the four project groups showed an in-

crease in trepanations and a decrease in craniotomies (Ta-

ble 2). In P2015, ICP monitoring accounted for 36.6% of

all intensive care treatment, while active thermoregula-

tion (cerebral hypothermia, active normothermia) was

implemented for 22.6% of all cases. In P2015, the percent-

age of cases treated aggressively significantly increased,

to 69.3%.

Transition in Outcomes of Geriatric TBI Patients

A comparison of the length of hospital stay showed a

significant decline over time; the mean length of stay was

26.9 days in P2015 (Table 3). A comparison of GOS score

on discharge after injury showed a significant reduction

in mortality (62.8% in P1998 to 44.7% in P2015; Table 3).

However, in analysis of the 6-month GOS score, there

was a significant increase in the percentage of patients

who were severely disabled or in a vegetative state

within the dependent survivor group (for whom assis-

tance and nursing is regarded as necessary for daily liv-

ing): the proportion increased from 11.3% to 19.1% of the

whole (p<0.0001; Table 4).

Characteristics of the Functionally Poor Outcome

Group Among Geriatric TBI Patients

To identify factors associated with functional outcomes

of geriatric patients with TBI (Table 5), we examined dif-

ferences between the 6-month good outcome group

(good recovery and moderate disability) and poor out-

come group (severely disabled, vegetative state, and

dead) from P1998 to P2015.

There were significant differences between the good

and poor outcome groups in age, body temperature,

blood sugar, ISS, GCS score, pupil abnormality, presence

of fracture, percentage of traumatic subarachnoid hemor-

rhage cases, and percentage of IVH cases. When we con-

ducted logistic regression analysis of variables with a p

value of <0.1 as independent variables and poor outcome

as the dependent variable, age 75 years or older, an ISS
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Table　4　Transition of mortality and functional outcomes at 6 months after injury

Project 1998 2004 2009 2015 p-value

Total 248 271 389 550

6-month Glasgow Outcome Scale (N, %)

GR 18 (7.3) 21 (7.7) 21 (5.4) 52 (9.5) 0.0003

MD 13 (5.2) 18 (6.6) 26 (6.7) 46 (8.4)

SD 22 (8.9) 22 (8.1) 48 (12.3) 61 (11.1)

VS 6 (2.4) 23 (8.5) 27 (6.9) 44 (8.0)

D 189 (76.2) 187 (69.0) 267 (68.6) 347 (63.1)

Dependent survivors (N, % in all) 28 (11.3) 45 (16.6) 75 (19.3) 105 (19.1) <0.0001

Abbreviations: GR, good recovery; MD, moderate disability; SD, severely disabled; VS, vegetative state; D, dead.

Table　5　Univariate analysis of good and poor outcomes, 1998-2018

Good outcome 
(GR+MD)

Poor outcome 
(SD+VS+D)

p-value

No. of patients 215 1,243

Age (years) 74.0 ± 6.7 77.3 ± 7.5 <0.0001

Systolic blood pressure (mm Hg) 150.4 ± 31.9 146.0 ± 54.0 0.2401

Heart rate (/min) 86.9 ± 20.6 86.5 ± 30.1 0.8387

Respiratory rate (/min) 20.7 ± 5.8 19.5 ± 8.7 0.0785

Body temperature (°C) 36.4 ± 1.0 36.0 ± 1.4 0.0002

Blood sugar (mg/dL) 155.2 ± 44.7 191.0 ± 73.0 <0.0001

ISS Median (IQR)  23.0 (16.0-25.0)  25.0 (18.0-29.0) <0.0001

GCS score Median (IQR) 10.0 (6.0-14.0) 6.0 (4.0-8.0) <0.0001

Pupil abnormality (N, %) 36 (16.7%) 633 (51.0%) <0.0001

Vault fracture (N, %) 83 (38.6%) 579 (46.5) 0.0002

Basal skull fracture (N, %) 28 (13.6%) 240 (17.6%) 0.0406

Traumatic subarachnoid hemorrhage (N, %) 111 (51.6%) 880 (70.8%) <0.0001

IVH (N, %) 8 (3.7%) 220 (17.7%) <0.0001

Focal injury (N, %) 168 (78.1%) 968 (77.9%) 0.2976

Abbreviations: ISS, Injury Severity Score; GCS, Glasgow Coma Scale; IVH, intraventricular hemor-

rhage; IQR, interquartile range

of �25, a GCS score of �8, presence of traumatic suba-

rachnoid hemorrhage, and presence of IVH were associ-

ated with poor outcomes. Presence of an IVH was the

strongest predictive factor (OR 3.79, 95%CI 1.78-8.06, p<

0.0001; Table 6).

Discussion

Our analyses showed that less invasive treatments might

reduce mortality elders with TBI. However, intensive

treatments did not improve functional outcomes. The

strongest prognostic factor that impeded aggressive treat-

ment was IVH, and patient age alone was not the strong-

est prognostic factor. This study is the first to analyze the

effectiveness of and trends in treatment for geriatric TBI

in a nationwide patient cohort.

Aging of Geriatric TBI is Progressing with “Super-

Aging” of Patients

Recent medical advances have led to a steep increase

in the super-aged population in Japan. In 2017, the popu-

lation of elderly Japanese reached its highest point ever,

35,140,000; people aged 65 years and older accounted for

27.7% of the total population (aging rate); thus, almost 1

in 4 people in Japan are elderly4. In addition, the popula-

tion of those aged 90 years and older exceeded 2 million

for the first time, highlighting Japan’s shift to a super-

aging society. While Japan’s total population has declined

by 210,000 people, the elderly population has increased

by 570,000 people. Thus, Japan is predicted to enter the

process of long-term population decline associated with

the continuously declining birth rate. However, as the

baby boom generation enters old age, the elderly popula-

tion will likely increase even more. By 2035, it is pre-

dicted that 1 in 3 Japanese people will be 65 years and

older, and this is predicted to increase to 1 in 2.5 people

by 2060, when Japan will become an unprecedented ag-

ing society4.
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Table　6　Logistic regression analysis of the probability of an unfavorable 

6-month outcome

Odds (95% CI) p-value

Age ≧75 3.27 (2.34–4.57) <0.0001

GCS score ≦8 2.09 (1.47–2.99) <0.0001

ISS ≧25 2.46 (1.75–3.45) <0.0001

Pupil abnormality: Yes 3.11 (2.02–4.79) <0.0001

Vault fracture: Yes 1.15 (0.81–1.65) 0.432

Skull base fracture: Yes 1.14 (0.69–1.86) 0.608

Traumatic subarachnoid hemorrhage: Yes 1.96 (1.38–2.79) <0.0001

IVH: Yes 3.79 (1.78–8.06) <0.0001

Abbreviations: GCS, Glasgow Coma Scale; ISS, Injury Severity Score; IVH, 

intraventricular hemorrhage.

The elderly population in 2015 (3.3 million) was 1.5

times that of 1998 (2.2 million)4. The percentage of geriat-

ric TBIs in Japan is also increasing with the changes in

population composition. The present results demonstrate

a much greater increase in aging, above what was re-

ported previously1.

Conversely, it should be noted that although the num-

ber of patients with head trauma who were aged 10 to 20

years and 20 to 30 years decreased up to P2009, this

trend reversed in 2015, when a slight increase was seen

in these age groups. The cause of this change is unclear,

but it highlights the importance of being prepared for

high-energy trauma caused by sports, traffic injuries, and

falls. Continuing to inform young people about the risks

of head trauma is indispensable to prevent a decrease in

the population of young people able to support the aging

society in the future. However, the number of head trau-

mas among elders 75 years of age and older is increasing

year-to-year. This increase in elderly-elders with TBI is

causing new medical economic problems.

A US report claimed that the frequency of CT and

magnetic resonance imaging scans in adults 65 years of

age and older is three times that in younger people, and

the rate of admission to intensive care unit is four times

higher5. The annual medical cost per person has in-

creased from US$73,000 to $78,000, and the rehospitaliza-

tion rate is also higher6. The number of head trauma pa-

tients 75 years of age and older is also expected to in-

crease in Japan; thus, the importance of medical econom-

ics in this field cannot be overlooked.

The Transition in Geriatric TBI Patients

As shown in Table 1, the increase in GCS score, par-

ticularly in motor score, is noteworthy. The cause is un-

known, but the increase in focal injuries associated with

aging resulted in an increase in the Talk and Deteriorate

group7, so it is presumed that the GCS score at the initial

consultation may have also increased. To confirm this,

we found that the proportion of patients in the Talk and

Deteriorate group had increased significantly among

those in the focal injury group (diffuse injury group

11.3%, focal injury group 24.1%, p � 0.0001).

Further, while the incidence of vault fracture de-

creased, the incidences of basilar skull fracture and pneu-

mocephalus, traumatic subarachnoid hemorrhage, and

IVH increased. The incidence of traumatic subarachnoid

hemorrhage was 72.7% of elderly patients in P2015. It

was previously reported that geriatric TBI patients have

a specific aging-related pathophysiology before sustain-

ing the injury, including coagulopathy, common use of

aspirin and anticoagulants, and increased fragility of

blood vessels associated with arteriosclerosis and amy-

loid angiopathy8; thus, the incidence of traumatic suba-

rachnoid hemorrhage in geriatric TBI patients may have

increased with the increased age of the affected popula-

tion.

Reports have suggested that traumatic subarachnoid

hemorrhage is a delayed cerebral vascular disorder

caused by cerebral vasospasm and that the mortality rate

in patients with a traumatic subarachnoid hemorrhage is

double that of those without such hemorrhage1. This may

be an important finding as an outcome predictor in geri-

atric TBI patients.

Increase of Aggressive Treatment in Geriatric TBI Pa-

tients

A general characteristic of head trauma is that outcome

worsens with age. Therefore, patient age at the time of

injury is listed as an important predictor9―12. Several re-

ports concluded that physiological fragility of brain tis-

sue in elders is the cause of poorer outcomes8,13. Unfortu-

nately, because brain tissue and cerebral blood vessels are
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older, patients often do not improve even with aggres-

sive treatment14. Additionally, there is no specific

evidence-based treatment or guidelines in place for eld-

erly patients that consider pathologies specific to the eld-

erly, which makes it difficult to determine the type of pa-

tient for whom aggressive treatment should be used and

the extent of such treatment2.

As neurosurgeons, we are faced with difficult decisions

about whether to treat certain patients, and we often

treat patients for whom we are concerned about the re-

sults our decisions will bring, and experience outcomes

that cause us to feel remorse. This study showed that the

percentage of geriatric TBI patients undergoing more ag-

gressive forms of treatment is increasing. In particular,

the proportion of patients undergoing trepanation in-

creased and the percentage of craniotomy cases de-

creased, perhaps because doctors considering the physi-

cal burdens of such procedures on elderly patients opted

for less invasive treatment options.

The number of patients treated with therapeutic hy-

pothermia had rapidly declined, and most treatments are

now implemented with normothermia or even active

thermoregulation therapy. In particular, the percentage of

elderly patients who had cerebral hypothermia treatment

did not exceed 1.5% in P2015. This may have been

greatly influenced by a multicenter joint study by Clifton

et al., which found that, in general, cerebral hypothermia

treatment is not effective and, in patients 45 years of age

and older, cerebral hypothermia treatment actually in-

creased the risk of poor outcomes15. The target disease

differed, but the results of a comparative clinical trial

(Targeted Temperature Management [TTM] Trial) on nor-

mothermia and cerebral hypothermia treatment in post-

cardiac arrest syndrome may have also affected this

change in treatment practice16.

In contrast, the ICP monitoring rate was 30% or lower

in all three patient groups (P1998, P2004, and P2009) but

increased to 36.6% in P2015. Although ICP monitoring is

one of the most strongly recommended procedures in the

TBI Treatment and Management Guidelines in Japan17,

there are no global reports that provide strong evidence

to support this practice. Additionally, because cerebrovas-

cular autoregulation is diminished in elders, as compared

with younger age groups13, future studies of geriatric TBI

patients should attempt to determine the preferred treat-

ment threshold for ICP and cerebral perfusion pressure

(CPP) in older adults.

A Significant Decrease in Mortality Rate but a Sig-

nificant Increase in the Rate of Poor Functional Out-

comes

The mortality rate of geriatric TBI patients decreased

significantly since P1998 because of the aggressive treat-

ment efforts of neurosurgeons. However, the percentage

of severely disabled patients significantly increased.

Moreover, the percentage of dependent survivors (se-

verely disabled and vegetative state/survivor) has been

increasing with time and, in P2015, 19.1% of all cases

were dependent survivors. A future issue, in addition to

saving patient lives, is to consider how to improve the

functional outcome of patients, as well as to dedicate

more effort to building a comprehensive treatment strat-

egy that includes neuroprotective therapy, rehabilitation

medicine, and regenerative medicine.

Factors Predicting Unfavorable Outcomes in Elders

with TBI

The results of our study suggest that aggressive treat-

ment may improve the life prognosis of geriatric TBI pa-

tients. However, improvement of functional outcomes

should also be a future target. We frequently experience

patients in clinical practice for which it is difficult to im-

prove functional outcomes with any kind of aggressive

treatment. When a patient becomes bedridden long-term

or falls into a vegetative state, it creates enormous psy-

chological and financial burdens for the patient’s family.

Therefore, it is extremely difficult to determine the extent

to which aggressive treatment should be used for certain

types of patients, or if it should simply be abandoned.

The patient’s family is faced with having to decide

whether to approve certain treatments in an emergency

situation, with limited information available, making the

mental burden immeasurable, even beyond that faced by

the family of young people with head trauma. It is essen-

tial for us to present a certain level of outcome prediction

information to patients’ families, to help reduce these

burdens, and to provide information on outcomes if ag-

gressive treatment is employed.

With this in mind, we used univariate and multivariate

analyses to identify factors that predicted poor outcomes

in geriatric TBI patients. We examined physiological se-

verity, anatomical severity, and injury findings on hospi-

tal arrival from all data of geriatric TBI patients and

compared cases with good (good recovery and moderate

disability: 215 cases) and poor outcomes (severely dis-

abled, vegetative state, and death: 1,243 cases). The fol-

lowing factors were significantly associated with poor

functional outcomes:



S. Yokobori, et al

202 J Nippon Med Sch 2021; 88 (3)

Age 75 years and older

ISS �25

GCS score �8

Traumatic subarachnoid hemorrhage

IVH (extremely strong predictor)

Age 75 years and older and initial GCS score �8 were

included in previous reports as prognostic determinants

for geriatric TBI patients1, which is consistent with the

present results.

While the decision to employ an aggressive treatment

strategy should not be determined by a single factor as-

sociated with poor outcomes, it is unlikely that patients

with a combination of factors will have a good outcome.

Providing treatment soon after the patient has sustained

the injury is the most important factor for achieving

maximum therapeutic benefit with aggressive treatment

for head trauma in elderly patients18, and rapid decision-

making is more important for elders than for younger

patients. We hope these findings will be of use in future

studies.

This study has several limitations. First, this was a ret-

rospective cohort study of JNTDB; thus, treatment indica-

tions might have varied among centers, even though all

centers recognize and use the Brain Trauma Foundation

and Japanese treatment guidelines for TBI17,19. Second, this

study used data that were prospectively collected over 20

years. We cannot exclude the possibility that general

medical standards might have improved during that

time.

Conclusions

Aggressive treatment improved life outcomes for geri-

atric TBI patients, even for patients who received less in-

vasive forms of aggressive treatment and despite the in-

creasing age of the affected patients. In the future, after

saving the patient’s life, treatment strategies that improve

functional outcomes should be investigated. In addition,

it is important to be able to make rapid treatment deci-

sions for patients for whom aggressive treatment strate-

gies are not an option and who are thus often classified

as the “absolute poor outcome” group.

Funding: No funding was received for this project.

Conflict of Interest: The authors declared no conflicts of in-

terest.

References
1．Yokobori S, Yamaguchi M, Igarashi Y, et al. Outcome and

refractory factor of intensive treatment for geriatric trau-

matic brain injury: analysis of 1165 cases registered in the

Japan Neurotrauma Data Bank. World Neurosurg. 2016

Feb;86:127―33.

2．Gardner RC, Dams-O’Connor K, Morrissey MR, Manley

GT. Geriatric traumatic brain injury: epidemiology, out-

comes, knowledge gaps, and future directions. J Neuro-

trauma [Internet]. 2018 Apr 1;35(7):889―906. Available

from: https://doi.org/10.1089/neu.2017.5371

3．Nakamura N, Yamaura A, Shigemori M, et al. Final re-

port of the Japan Neurotrauma Data Bank project 1998-

2001: 1,002 cases of traumatic brain injury. Neurol Med

Chir (Tokyo). 2006 Dec;46(12):567―74.

4．Statistics Bureau of Japan [Internet]. [cited 2019 Aug 3].

Available from: https://www.stat.go.jp/english/index.ht

ml

5．Pearson WS, Sugerman DE, McGuire LC, Coronado VG.

Emergency department visits for traumatic brain injury in

older adults in the United States: 2006-08. West J Emerg

Med. 2012 Aug;13(3):289―93.

6．Thompson HJ, Weir S, Rivara FP, et al. Utilization and

costs of health care after geriatric traumatic brain injury. J

Neurotrauma. 2012 July 1;29(10):1864―71.

7．Tokutomi T, Miyagi T, Ogawa T, et al. Age-associated in-

creases in poor outcomes after traumatic brain injury: a

report from the Japan Neurotrauma Data Bank. J Neuro-

trauma. 2008 Dec;25(12):1407―14.

8．Maurice-Williams RS. Mechanism of production of gait

unsteadiness by tumours in the posterior fossa. J Neurol

Neurosurg Psychiatry. 1975 Feb;38(2):143―8.

9．Ramanathan DM, McWilliams N, Schatz P, Hillary FG.

Epidemiological shifts in elderly traumatic brain injury:

18-year trends in Pennsylvania. J Neurotrauma. 2012 May

1;29(7):1371―8.

10．McIntyre A, Mehta S, Aubut J, Dijkers M, Teasell RW.

Mortality among older adults after a traumatic brain in-

jury: a meta-analysis. Brain Inj. 2013;27(1):31―40.

11．Dams-O’Connor K, Gibbons LE, Bowen JD, McCurry SM,

Larson EB, Crane PK. Risk for late-life re-injury, dementia

and death among individuals with traumatic brain injury:

a population-based study. J Neurol Neurosurg Psychiatry.

2013 Feb;84(2):177―82.

12．Coronado VG, Thomas KE, Sattin RW, Johnson RL. The

CDC traumatic brain injury surveillance system: charac-

teristics of persons aged 65 years and older hospitalized

with a TBI. J Head Trauma Rehabil. 2005 May-Jun;20(3):

215―28.

13．Yokobori S, Watanabe A, Matsumoto G, et al. Lower ex-

tracellular glucose level prolonged in elderly patients

with severe traumatic brain injury: a microdialysis study.

Neurol Med Chir (Tokyo). 2011;51(4):265―71.

14．Yokota H, Atsumi T, Araki T, et al. Cerebral endothelial

injury in elderly patients with severe head injury meas-

ured by serum thrombomodulin and von Willebrand fac-

tor. Neurol Med Chir (Tokyo). 2007 Sep;47(9):383―8; dis-

cussion 388.

15．Clifton GL, Valadka A, Zygun D, et al. Very early hy-

pothermia induction in patients with severe brain injury

(the National Acute Brain Injury Study: Hypothermia II):

a randomised trial. Lancet Neurol. 2011 Feb;10(2):131―9.

16．Nielsen N, Wetterslev J, Cronberg T, et al. Targeted tem-

perature management at 33 degrees C versus 36 degrees

C after cardiac arrest. N Engl J Med. 2013 Dec 5;369(23):

2197―206.

17．The Japaese society of neurotraumatology. Tobugaisho

Chiryo Kanri no Gaidorain Dai 4 han[The treatment

guidelines for traumatic brain injury: the 4th edition]. To-



Intensive Treatment of Geriatric TBI

J Nippon Med Sch 2021; 88 (3) 203

kyo, Japan: Igaku-Shoin; 2019. p. 47. Japanese.

18．Jacobs DG, Plaisier BR, Barie PS, et al. Practice manage-

ment guidelines for geriatric trauma: the EAST Practice

Management Guidelines Work Group. J Trauma. 2003

Feb;54(2):391―416.

19．Carney N, Totten AM, O’Reilly C, et al. Guidelines for

the management of severe traumatic brain injury, Fourth

Edition. Neurosurgery. 2017;80(1):6―15.

(Received,

(Accepted,

(J-STAGE Advance Publication,

March

May

June

14, 2020)

25, 2020)

30, 2020)

Journal of Nippon Medical School has adopted the Creative Com-
mons Attribution-NonCommercial-NoDerivatives 4.0 International
License (https://creativecommons.org/licenses/by-nc-nd/4.0/) for
this article. The Medical Association of Nippon Medical School re-
mains the copyright holder of all articles. Anyone may download,
reuse, copy, reprint, or distribute articles for non-profit purposes
under this license, on condition that the authors of the articles are
properly credited.


