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ABSTRACT

Objective Japan Coma Scale (JCS) is a grading system
used to evaluate disturbed consciousness in prehospital
care settings. We aimed to identify the association
between the JCS levels at the scene with in-hospital
mortality, as well as the discrimination ability for the
outcomes.

Design A retrospective cohort study based on the
nationwide trauma database in Japan.

Setting Multicentre cohort study using data from

the Japan Trauma Data Bank, which is a nationwide,
prospective, observational trauma registry derived from
235 hospitals.

Participants Adult trauma victims transferred directly
from the scene of injury to the hospital from January 2004
to December 2017 were eligible for inclusion.

Primary and secondary outcomes Primary outcome
was the association between the JCS levels at the scene
with in-hospital mortality. We conducted a multivariate
logistic regression analysis to calculate the adjusted ORs
of JCS levels with 95% Cls for in-hospital mortality. We
also calculated the c-statistics for in-hospital mortality.
Results 164 723 patients were included in the analysis.
In a multivariate logistic regression analysis, the
corresponding adjusted ORs of JCS levels 2 and 3 referred
to level 1 for in-hospital mortality were 4.1 (95% Cl 3.8
to 4.4) and 26.0 (95% Cl 24.8 to 27.2). The c-statistics of
the JCS level for in-hospital mortality was 0.845 (95% Cl
0.842 to 0.849).

Conclusions Data from large multicentre prospective
registry revealed strong associations of the JCS level at
the scene of injury with in-hospital mortality as well as the
good discriminatory performance for this outcome.

INTRODUCTION

Background

Trauma is a leading cause of death and
disability across all ages worldwide.' The rapid
provision of field triage and emergency care
by paramedics and rapid transport of patients
from the scene of injury to a hospital can
save lives, reduce the incidence of short-term

Strengths and limitations of this study

» This is the first study to evaluate the association be-
tween the Japan Coma Scale (JCS) on the scene and
in-hospital outcomes among trauma patients listed
in a Japanese nationwide database.

» Our sensitivity analysis indicated the robustness of
the association between JCS and in-hospital mortal-
ity, despite the risk of a selection bias due to missing
data values.

» Although the JCS measurement is a fundamental
skill required for government-certified paramedics,
the accuracy and inter-rater reliability of this scale
might be subject to measurement bias.

disability and dramatically improve patients’
long-term outcomes.””

An immediate assessment of the trauma
victim’s level of consciousness is necessary
during field triage.” Although the Glasgow
Coma Scale (GCS) is the most widely used
instrument for such assessments by para-
medics in the field and other medical profes-
sionals in various settings,3 this scale has been
criticised for its complexity, and therefore it
may not be practical for rapid and reliable
assessments in prehospital settings. Accord-
ingly, a more rapid and simple assessment
tool is needed.

The Japan Coma Scale (JCS), a grading
system to evaluate disturbed conscious-
ness, was first published in 19747 and has
since been certified as a standard field tool
assessing the level of consciousness by the
Japan Fire and Disaster Management Agency.
The JCS is used to classify a patient’s level of
consciousness into one of three categories
determined by reactive eye-opening: level
1 indicates spontaneous eye-opening, level

BM)

Okada Y, et al. BMJ Open 2019;9:€029706. doi:10.1136/bmjopen-2019-029706 1


http://bmjopen.bmj.com/
http://orcid.org/0000-0002-2266-476X
http://dx.doi.org/10.1136/bmjopen-2019-029706
http://dx.doi.org/10.1136/bmjopen-2019-029706
http://dx.doi.org/10.1136/bmjopen-2019-029706
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2019-029706&domain=pdf&date_stamp=2019-07-30

Open access

Table 1 Description of the JCS

JCS level Description

Level 1 digit Eye-opening spontaneously

Level 2 digits Eye-opening to verbal or pain stimuli
Level 3 digits No eye-opening to any stimuli

JCS, Japan Coma Scale.

2 indicates eye-opening in response to a verbal or pain
stimulus and level 3 indicates no eye-opening (table 1).

Objectives

Currently, the JCS is used by paramedics in prehospital
trauma care settings nationwide, and an association of
this standard scale of consciousness with the prognosis of
patients with stroke has been reported.”® However, little
is known about the diagnostic ability of JCS for the assess-
ment of trauma victims at scenes of injury. We aimed
to identify the association between the JCS levels at the
scene and in-hospital mortality, as well as JCS’s discrimi-
nation ability for the studied outcomes.

METHODS

We have reported the methodology of this study according
to the Strengthening the Reporting of Observational
Studies in Epidemiology statement.”

Study design and setting

The included data were obtained from the Japan Trauma
Data Bank (JTDB) data set 2018, which contains infor-
mation from 235 hospitals across Japan, from January
2004 to December 2017. The JTDB is a nationwide, multi-
centre, prospective, observational trauma registry estab-
lished in 2003 by the Trauma Registry Committee of the
Japanese Association for the Surgery of Trauma and the
Committee for Clinical Care Evaluation of the Japanese
Association for Acute Care Medicine,'’ and managed by
the Japan Trauma Care and Research (JTCR), which is a
non-profit organisation for trauma research. This registry
was developed to improve the quality of trauma care by
collecting prehospital information, clinical information
during hospital stays, trauma diagnoses according to
the Abbreviated Injury Scale (AIS), Injury Severity Score
(ISS) and mortality outcomes.'' The data are compiled by
administrators based on in-hospital charts and prehospital
records, which are routinely submitted by paramedics
to the hospitals. Nearly all institutions participating in
the JTDB are government-certified tertiary emergency
and critical care centres.'”" Details of JTDB have been
described previously.'”"* The anonymised data of JTDB
were available for the institutional members of JTCR for
the research, and we obtained it from the JTCR.

The ethics committee of each institution and the Japa-
nese Association for the Surgery of Trauma approved
participation in the JTDB; they also approved retrospec-
tive analyses using anonymised data from the JTDB.

Study participants

Adult trauma victims who were transferred directly from
the scene of injury to the hospital and registered in the
JTDB 2018 data set from January 2004 to December 2017
were considered eligible for inclusion. From the full JTDB
2018 data set, we excluded patients younger than 16 years
and those who developed cardiac arrest (predefined as a
heart rate of 0 and systolic blood pressure (SBP) of 0) at
the scene of injury. We also excluded patients for whom
the main mechanism of injury was a burn or unknown
and those who were not transferred directly from the
scene by ambulance with paramedics (ex. transferred by
the helicopter with physician, transferred from another
hospital or transferred without paramedics). Moreover,
we also excluded patients with the missing information of
prehospital JCS and in-hospital mortality.

Data collection, variables and potential bias

We collected and described the following clinical infor-
mation from the JTDB 2018 data set: age, sex, type of
injury (blunt or penetrating), vital signs at the scene
as measured by paramedics (JCS, SBP and respiratory
rate (RR)), GCS on arrival at the hospital, in-hospital
mortality, AIS of the head and ISS. Patients were strati-
fied by age into the following groups: <40, 40-49, 50-59,
60-69, 70-79 and 280 years. They were additionally
categorised by vital signs as follows: JCS, level 1, 2 and 3
digits; SBP, <90, 90-139, 140-199 and 2200 mm Hg; RR,
<10, 10-29 and 230 (bpm), based on the Japan Fire and
Disaster Management Agency protocol for determining
priority at the scene. Missing covariates were categorised
as ‘Unknown’.

The AIS is an anatomically based, consensus-derived
and globally accepted severity scoring system used to clas-
sify individual injuries by body region (eg, region 1: head,
2: face, 3: neck, 4: thorax) and subsequently by relative
severity on a 6-point scale (1, minor to 6, maximal)."* '*
Generally, an AIS score 23 is considered a serious or more
severe injury.”” The ISS is another globally accepted
trauma severity scale associated with mortality. ISS scores
are calculated using the AIS and range from 1 to 75; here,
a score of 216 is generally considered to indicate major
trauma or polytrauma.'’

The primary study outcome was in-hospital mortality,
and the secondary outcomes were coma (GCS <8) on
arrival at the hospital, a severe head injury (Head AIS
23) and severe multiple trauma (ISS 216). Some patients
who lacked exposure and primary outcome data were
excluded from the main analysis, which might have intro-
duced selection bias. Therefore, we performed a sensi-
tivity analysis to address the missing JCS and in-hospital
mortality data as described in the next paragraph.

When JCS was published in 1974, the state of ‘comgletely
awake and alert’ was not included in the JCS.° In a
strict sense, the JCS level 1 originally indicated sponta-
neous eye-opening, but not completely awake and alert.
However, in recent decades, completely awake and alert
patients have been described conventionally as ‘Level 0
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and have been treated generally within level 1. Thus, in
our study the JCS ‘0’ in the JTDB, and it was combined
with JCS level 1 patients.

Patient and public involvement

As the study was conducted based on secondary data,
patients and/or the public were not involved. Ethical
consideration was described as in the Study Design and
Setting section.

Statistical methods

We describe the patients’ characteristics and the distri-
bution of the GCS score on arrival at the hospital at
each JCS level. To identify the associations between the
prehospital JCS levels with the primary and secondary
outcomes, we set the JCS level as the explanatory vari-
able and each outcome as an objective variable. Subse-
quently, we conducted a logistic regression analysis to
generate crude ORs of the JCS levels with 95% CIs. For
potential confounders, we designated the covariates of
age, sex, type of injury, SBP and RR at the scene which
were categorised as above, and conducted a multivariable
logistic regression analysis to calculate the adjusted ORs
of JCS levels with 95% CIs. To evaluate the discriminatory
performance of the JCS, we calculated the JCS c-statistics
for the primary and secondary outcomes.

Additionally, we performed a sensitivity analysis to
demonstrate the robustness of the primary outcome
results and compensate for the risk of selection bias due
to the exclusion of the patients with missing JCS and

Total patients from JTDB

mortality data. We assumed three scenarios of missing
data: (1) missing at random; (2) missing because of high
JCS level or similar and death or a minor injury and
survival; and (3) the most conservative scenario against
the assumed association. In assumption 1, the missing
data were assumed to have been distributed as observed
for eligible patients, and we used random imputation to
compensate for the missing data using this distribution.
In assumption 2, either all missing JCS data were imputed
as level 1 and all missing outcomes were recorded as
survival (assumption 2a), or all were imputed as level 3
and death, respectively (assumption 2b). In assumption
3, all missing data were imputed as level 3 and survival
(assumption 3a) or as level 1 and death (assumption
3b). We analysed the primary outcome under each
assumption.

We did not calculate a precise sample size because our
analysis was secondary usage of already available data.
However, based on the rule of 10 events per variable,®
we needed to include 160-200 events at least to be able
to adjust the covariates designated in our analysis. The
prevalence of the events (in-hospital mortality) was esti-
mated at 10% according to the previous studies.’ ! From
this, we expected 1600-2000 cases to be a large enough
sample size to calculate the point estimates with Cls suffi-
ciently narrow to answer the research question.

All statistical results were calculated as point estimates
with 95% Cls. All statistical analyses were performed using
JMP Pro V.14 software (SAS Institute, Cary, NC, USA).

Adult trauma patients directly
transferred from the scene

(N=294,274) Age < 16 years or unknown
(N=19,318)
(N=96,092) |Cardiac arrest on the scene
> (N=4,164)
Burn or unknown type of injury

Not directly transferred from the scene

(N=14,444)

by ambulance (N=70,313)

(N=198,182)
(N=33,459) |Missing
> Unknown JCS (N=20,687)
v Unknown mortality (N=14,773)

Eligible patients
for main analysis

(N=164,723)
v
For sensitivity analysis
(N=198,182)

Figure 1

Assumption 1
Assumption 2a/2b
Assumption 3a/3b

Flow chart of patient selection for the study. JCS, Japan Coma Scale; JTDB, Japan Trauma Data Bank.
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Table 2 Characteristics and prehospital information of the study participants

Parameters Total JCS level 1 digit JCS level 2 digits JCS level 3 digits

Male, n (%) 104950 (63.7) 78187 (62.1) 9254 (68.2) 17509 (69.2)

Age, median (IQR) 61 (39-76) 62 (41-78) 55 (34-71) 58 (37-73)
<40years old, n (%) 41218 (25.0) 29852 (23.7) 4177 (30.8) 7189 (28.4)
40-49 17827 (10.8) 13259 (10.5) 1652 (12.2) 2916 (11.5)
50-59 19256 (11.7) 14466 (11.5) 1724 (12.7) 3066 (12.1)
60-69 26299 (16.0) 19679 (15.6) 2228 (16.4) 4392 (17.4)
70-79 28063 (17.0) 21627 (17.2) 2074 (15.3) 4362 (17.2)
>80 32060 (19.5) 26981 (21.4) 1706 (12.6) 3373 (13.3)

Type of injury, n (%)
Blunt

158113 (96.0)

120923 (96.1)

12720 (93.8)

24470 (96.7)

Penetrating 6610 (4.0) 4941 (3.9) 841 (6.2) 828 (3.3)
RR, median (IQR) 20 (18-24) 20 (18-24) 3 (18-25) 21 (18-26)
<9, n (%) 1261 (0.8) 85 (0.1) 5(0.1) 1161 (4.6)
10-29 123254 (74.8) 100425 (79.8) 9741 (71.8) 13088 (51.7)
>30 18548 (11.3) 12202 (9.7) 2410 (17.8) 3936 (15.6)
Unknown 5857 (3.6) 13152 (10.5) 1395 (10.3) 7113 (28.1)

SBP, median (IQR) 136 (115-159) 138 (118-160) 128 (106-150) 132 (108-160)
>200, n (%) 5858 (3.6) 4336 (3.4) 407 (3.0) 1115 (4.4)
140-199 63191 (38.4) 53115 (42.2) 4133 (30.5) 5943 (23.5)
90-139 70914 (43.1) 57241 (45.5) 6281 (46.3) 7392 (29.2)
<90 8655 (5.3) 5499 (4.4) 14000 (10.3) 1756 (6.9)
Unknown 16105 (9.8) 5673 (4.5) 1340 (9.9) 9092 (35.9)

bpm, breaths per minute; JCS, Japan Coma Scale; RR, respiratory rate (bpm); SBP, systolic blood pressure (mm Hg).

RESULTS

Patient characteristics

Among the 294274 patients in the JTDB 2018, we
excluded 19318 non-adult patients (<16 years or age
unknown), 4164 patients who developed cardiac arrest at
the scene of injury, 14444 patients with burn injuries or
injuries of unknown mechanism and 70313 patients who
were not directly transferred from the scene by ambu-
lance. We also excluded 33459 patients with missing JCS
(n=20687) or mortality data (n=14773). Finally, 164723
patients were included in the analysis (figure 1).

The patient’s characteristics are described in table 2.
For the distribution between JCS at the scene and GCS
on arrival at hospital, almost all JCS level 1 patients had
a GCS of 14-15 on arrival at the hospital (83.4%, 105
017/25 298), while most JCS level 3 patients had a GCS
<8 (78.9%, 19 112/25 298) (online supplementary file).

Outcome

The overall in-hospital mortality (primary outcome)
was 10.9% (n=17957). The distribution of primary
and secondary outcomes by each JCS level is described
(tables 2 and 3). Notably, a univariate logistic regression
analysis of the associations of JCS levels with in-hospital
mortality yielded crude ORs of 4.2 (95% CI 3.9 to 4.5) and
36.7 (95% CI 35.2 to 38.3) for levels 2 and 3, respectively,

relative to level 1 (reference) (table 4). In a multivariate
logistic regression analysis, the corresponding adjusted
ORs were 4.1 (95% CI 3.8 to 4.4) and 26.0 (95% CI 24.8
to 27.2), respectively (table 4). Furthermore, the adjusted
ORs of the JCS levels 2 and 3 compared with level 1 for
the secondary outcomes as below: coma on arrival (GCS
<8) (adjusted ORs: 11.6 (95% CI 10.8 to 12.5) and 207.6
(95% CI 195.5 to 220.4)), severe head injury (Head AIS
>3) (adjusted ORs: 5.0 (95% CI 4.8 to 5.2) and 13.4 (95%
CI 129 to 13.9)) and severe multiple trauma (ISS =16)
(adjusted ORs: 3.0 (95% CI 2.9 to 3.1) and 8.9 (95% CI
8.6 to 9.3)), respectively (tables 3 and 4). The adjusted
ORs of the other parameters (injury type, age, sex, SBP,
RR) were described in another part (online supplemen-
tary file).

Diagnostic ability

The c-statistics of the JCS level for in-hospital mortality
was 0.845 (95% CI 0.842 to 0.849). The c-statistics of the
JCS level for secondary outcomes were as follows: coma
on arrival (GCS <8): 0.937 (95% CI 0.935 to 0.939),
severe head injury (Head AIS 23): 0.685 (95% CI 0.682
to 0.687) and severe multiple trauma (ISS >16): 0.661
(95% CI 0.659 to 0.663). Accordingly, the JCS appeared
to exhibit good discriminatory performance for mortality
and coma on arrival at the hospital.
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Table 3 In-hospital information and outcomes of the study participants

Total JCS level 1 digit JCS level 2 digits JCS level 3 digits
(n=164723) (n=125864) (n=13561) (n=25298)
Parameters % % % %
In-hospital Information
Time to hospital arrival 37 (29-50) 38 (30-51) 37 (29-50) 33 (26-44)
(min), median (IQR)
Tracheal intubations 24280 (14.7) 6894 (5.5) 2906 (21.4) 14480 (57.2)
Neurosurgical 4831 (2.9) 1310 (1.0) 734 (5.4) 2787 (11.0)
interventions
Head CT 119952 (72.8) 87026 (69.1) 12320 (90.8) 20606 (81.5)
ICU admission 100136 (60.8) 71212 (56.6) 10988 (81.0) 17936 (70.9)
Mortality in ER or 5848 (3.6) 456 (0.4) 231 (1.7) 5161 (20.4)
operation room
Length of hospital stay 14 (0-62) 17 (0-64) 18 (0-71) 1 (0-42)
(day), median (IQR)
Primary outcome
In-hospital mortality 17957 (10.9) 3513 (2.8) 1459 (10.8) 12985 (51.3)
Secondary outcomes
GCS <8 22634 (13.7) 1615 (1.3) 1907 (14.1) 19112 (75.5)
Head AIS <3 52197 (31.7) 27121 (21.5) 7072 (52.1) 18004 (71.2)
ISS >16 70262 (42.7) 41597 (33.1) 8231 (60.7) 20434 (80.8)

The number of missing GCS on arrival, Head AIS and ISS was 9910 (6.0%), 3517 (2.1%) and 3857 (2.3%), respectively.
Time to hospital arrival denotes time from emergency call to hospital arrival.
AIS, Abbreviated Injury Scale; ER, emergency room; GCS, Glasgow Coma Scale; ICU, intensive care unit; ISS, Injury Severity Score; JCS,

Japan Coma Scale.

Sensitivity analysis

In assumption 1, adjusted ORs of the JCS levels were as
below: 2.7 (95% CI 2.6 to 2.9) and 14.0 (95% CI 13.5 to
14.5) for levels 2 and 3, respectively, relative to level 1.
In all other assumptions, the JCS was also independently
associated with in-hospital mortality (online supplemen-
tary file). These results demonstrate the robustness of this
association, despite the missing values.

DISCUSSION

Key observations

To the best of our knowledge, this is the first study to eval-
uate the association between the prehospital JCS levels
and in-hospital outcomes among trauma patients listed
in a Japanese nationwide database. Notably, we demon-
strated that the JCS level measured by paramedics on
the scene correlated with in-hospital mortality, coma on
arrival at hospital, severe head injury and severe multiple
trauma. Furthermore, we showed that the prehospital JCS
could clearly discriminate between coma on arrival at the
hospital and in-hospital mortality.

Interpretation and clinical implications

Similar to our results, a previous report on the JCS and
outcome among patients with stroke revealed a trend
that as the JCS level increased, mortality increased,

and functional outcomes worsened.”® According to the
previous report and our results, it might be reasonably
expected that the JCS on the scene could reflect the
extent of neurological impairment and the severity of
injury, as well as predict in-hospital mortality.

As noted above, the JCS was originally developed in
Japan in 1974, concomitantly with the publication of the
GCS.” Although the JCS has since been used by para-
medics throughout Japan as a standard scale of conscious-
ness in prehospital trauma care, there is no literature to
verify the clinical meanings of JCS among trauma patients.
This study could be useful to paramedics using JCS by
promoting the understanding of JCS and predicting the
severity and mortality easily in the prehospital settings.

JCS is expected to have a different role from GCS in
prehospital care. JCS consists of only one evaluation
item (eye-opening in response to stimuli); thus, it has
some strength with respect to its simplicity and rapidity.
According to the protocol of Japanese standards for
prehospital evaluation and care paramedics should triage
the trauma patients at the scene of accident within the
first 15s to evaluate the JCS level while simultaneously
conducting initial assessments of the airway, respiration
and circulation.'® After a systemic physical assessment to
identify life-threatening injuries, the paramedics deter-
mine the priority and destination hospital within 2min
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Table 4 Analysis of the associations between the JCS
levels with outcomes

Adjusted OR

Variables Crude OR (95% Cl) (95% Cl)

Primary outcome
OR for in-hospital mortality

JCS
Level 1 digit (Reference) (Reference)
Level 2 digits 4.2 (3.9t0 4.5) 4.1 (3.8t0 4.4)
Level 3 digits 36.7 (35.2t038.3) 26.0(24.8to
27.2)

Secondary outcomes
OR for coma on arrival at hospital (GCS <8)

JCS
Level 1 digit (Reference) (Reference)
Level 2 digits 12.3(11.5t0 13.2) 11.6(10.8to
12.5)
Level 3 digits 268.3 (253.2 to 207.6 (195.5 to
284.3) 220.4)
OR for severe head injury (Head AIS >3)
JCS
Level 1 digit (Reference) (Reference)
Level 2 digits 4.0(3.8t04.1) 5.0(4.81t05.2)
Level 3 digits 9.0 (8.7 t0 9.3) 13.4 (12.9 to
13.9)
OR for severe multiple trauma (ISS >16)
Level 1 digit (Reference) (Reference)
Level 2 digits 3.2 (3.11t03.3) 3.0 (2.9t0 3.1)
Level 3 digits 10.7 (10.3to 11.1) 8.9 (8.6 t0 9.3)

Adjusted for age, sex, type of injury, and respiratory rate and
systolic blood pressure.

AlS, Abbreviated Injury Scale; GCS, Glasgow Coma Scale; ISS,
Injury Severity Score; JCS, Japan Coma Scale.

of arrival at the scene. If the patients were assessed as
JCS level 3, the protocol recommend to transport the
patients to the tertiary critical care centre.'® Therefore, in
this setting, the severity of the patient’s condition can be
approximately and quickly evaluated and can be conveyed
using only a single phrase, such as ‘Level 3,” at the scene
of the accident.” Moreover, people who lack sufficient
knowledge and experience may find interpreting the
more complex GCS difficult,’™ whereas the simpler
JCS may be more comprehensible by non-medical staff
members. Therefore, we thought that the JCS might be
beneficial in simplicity and rapidity for a field triage.
Similar to the JCS, the simplified GCS has been
suggested as an appropriate tool to assess the conscious-
ness for field triage (eg, the motor component of the GCS
(mGCS), simplified motor scale).’ The systematic review
reported that these scales have good discrimination
ability for in-hospital mortality (pooled area under the
receiver operating characteristic curve (AUROC): 0.855

8

(95% CI 0.822 to 0.888) in mGCS, 0.840 (95% CI0.802 to
0.878) in simplified motor scale, as well as total score of
GCS (pooled AUROC: 0.877 (95% CI 0.847 to 0.906)).”
Our results (JCS level for in-hospital mortality 0.845 (95%
CI 0.842 to 0.849)) were comparable to other scales, and
it was expected to be useful in clinical settings as well as
mGCS and simplified motor scale. Further research is
needed to compare these scales.

While JCS has some advantages, it also has some limita-
tions. As the other coma scale such as GCS might be
incorrectly scored in some patients (eg, in the setting
of intoxication),” the JCS likely has the same caveats of
measurement. In addition, although our study indicated
that the JCS level 3 was associated with the severe head
injury, it is not equivalent with a diagnosis of severe head
injury. Unconsciousness can occur due to systemic insults,
electrolyte abnormalities, intoxication, baseline psychi-
atric comorbidities and other causes.

Moreover, in our study, the c-statistics for the Head
AIS 23, and ISS =16 were lower than that of in-hospital
mortality; thus, JCS might not be a suitable instrument
to discriminate the anatomical severity of the injury. One
possible explanation was that Head AIS =3, and ISS =16
represent only anatomical severity in trauma. As these
items do not include physiological aspects, many patients
without disturbance of consciousness might have been
included in Head AIS 23, and ISS >16. For example,
although skull base fracture is coded as Head AIS: 3 it
might not affect patients’ consciousness or prognosis.
Therefore, for the JCS to be clinically useful, we should
understand the pathological process that may affect the
eye-opening.

Generalisability, strengths and limitations

Because our data were derived from a nationwide trauma
database, we believe that our findings can be generalised
throughout Japan and possibly to other developed coun-
tries. Moreover, our sensitivity analysis indicated the
robustness of the association between JCS and in-hos-
pital mortality, despite the risk of a selection bias due to
missing data values. These strengths notwithstanding,
our study also had several limitations. First, few cases of
penetrating injury were included, and thus the generalis-
ability of our findings to penetrating injury cases remains
unclear. Second, although the JCS measurement is a
fundamental skill required for government-certified para-
medics, the accuracy and inter-rater reliability of this scale
might be subject to measurement bias. Third, we could
not compare the clinical usefulness and accuracy of the
JCS with other consciousness scales such as the simplified
GCS.* Fourth, mortality among trauma patients depends
on many factors, and a wide range of pathologies. The
JIDB did not include the detail of clinical course or the
cause of mortality. These items should be considered to
improve the understanding and how results are adopted
in clinical settings. Further research is needed to evaluate
the clinical usefulness and accuracy of the JCS relative to
other consciousness scales.
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CONCLUSIONS

Data from large multicentre prospective registry study
have revealed strong correlations of the JCS level at the
scene of injury with in-hospital mortality and trauma
severity. Furthermore, we demonstrated that the JCS had
good discrimination abilities for both coma on arrival at
hospital and in-hospital mortality.
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