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Table 4 Area under Receiver Operating Curves & Accuracy of Models

. AUC Accuracy AUC Accuracy
Regresion model Loe L. . e
Derivation Derivation Validation Validation
ISS, AGE, cBP, 0.9674 93.16% 0.9670 93.69%
¢GCS, cRR : TR : R
cISS, AGE, cBF, 0.9687 93.39% 0.9672 93.39%
¢GCS, cRR : R : et
cISS, cAGE, cBP, 0.9648 93.32% 0.9650 93.55%
¢GCS, cRR : e : R
cISS, cAGE, cBP,
0.9649 93.20% 0.9636 93.42%
cGCS
cISS, cAGE, ¢GCS,
0.9609 93.09% 0.9610 93.45%
cRR
cISS, cAGE, ¢GCS 0.9561 92.48% 0.9541

92.52%

AUC ! aria under receiver operating characteristic curve

Table 5 Proposed Regression Model with Simplified Coefficients

Intercept B cISS S cAGE B cBP B cGCS BcRR
—~8~-—3 1 -1 1 1 1/2
= —8+cISS—cAGE + ¢BP + cGCS +cRR/2
1
Ps= Tre o

If ¢cRR and/or ¢BP are/is missing, then fcRR and/or fcBP=0.
If cRR or c¢BP is missing, Then intercept= —7 or —5, respectively.
If cRR and c¢BP are both missing, Then intercept= —3.

. AUC Accuracy AUC Accuracy

Regression model .. L. s g e sy
Derivation Derivation Validation Validation
cISS, cAGE, ¢BP,
0.96. 93.20% 0.9 93.40%

¢GCS, cRR 35 0% 639 o
1SS, cAGE, cBP,
o ¢ ¢ 0.9633 93.02% 0.9622 92.84%
cGCS,
1SS, ¢cAGE, ¢GCS,
€5, CALE, ¢ 0.9599 93.08% 0.9589 92.86%
cRR
cISS, cAGE, ¢GCS 0.9547 92.47% 0.9522 92.54%

no EIFIF—% L Tz

AHFFETIE, X D/AEVERL Y LWEYFET
WV EEZ LN TWVEARMIERELEME | AIC=- 2
log(\AKTCEE) + 2 (HEETRENRT A=) %
AWTEFVHOBEEERB 21T 729, 20k
BISSZFDHD LY cISS HEZEE &3 5 H 5,
AICHX V/PNEVETFTNVEERLZI LN TEL &
b AIC & o 72D, BIAE#E L TEEH
@ AGE & o1 — F{b& 7z cISS, ¢BP, ¢GCS, cRR
PRV LDTH o7 (Table 2).
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Table 6 Relationship between Coded ISS & AIS

Coded 1SS Most severe AIS
1SS Interval /2" severe AIS Included
4 16> 3
3 16-24 4
2 25-40 5o0or4&3
1 41-65 Twob5or5 &4
0 >65 Two 5 & 4 or Three 5 or 6

ISS : Injury Severity Score
AIS : Abbreviated Injury Scale

DIZPsHEHTELRVWI &%, EBTE S5
AT B, Table 6IC/R L7z & 512, HwmE D Ab-
breviated Injury Scale (LLF AIS) & [F— &350
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E, I — FEa N7z cISS DEHRE > TL 5.
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LOGISTIC REGRESSION MODELS FOR JAPANESE BLUNT TRAUMA VICTIMS :
SECOND REPORT

Akio KIMURA
Department of Emergency Medicine, National Center for Global Health and Medicine, Hospital

The aim of this study was to identify logistic regression models that more accurately predict survival among Japanese
blunt trauma (BT) victims. Furthermore, this study aimed to establish a method for estimating the probability of survival
(Ps) using simplified coefficients and that could be used even when some variables are missing. Data (12,975) including
Ps calculated by the TRISS method, were collected from BT patients (17,564) registered in the Japan Trauma Data Bank
(JTDB, 2004~2007), and half (6,487) of the data was randomly allocated to a derivation data set, with the remaining half
(6,488) allocated to a validation data set. For logistic regression analysis, age, injury severity score (ISS), Glasgow coma
scale score (GCS), systolic blood pressure (BP), respiratory rate (RR), and their coded values (cISS, ¢BP, ¢GCS, cRR)
were used as independent variables. For validations, areas under curves (AUCs) of receiver-operating characteristic
curves were compared. The model with age, cISS, ¢BP, ¢cGCS, and cRR shows the best AUC of 0.9687 in the training data
and 0.9672 in the validation data. For easier calculation, we made a similar model with simplified coefficients (b= —8+
¢ISS — cAGE + cBP + ¢GCS+ cRR/2, where Ps=1/1+e™), which showed an AUC of 0.9635 in derivation and 0.9639 in
validation. Modifications of this model without cRR and/or ¢BP can maintained AUC>>0.95. These findings indicate that
this equation allows real-time assessments of Ps that can be utilized by clinicians.

Key words : JTDB, TRISS, non-penetrating trauma, ISS
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Care giver supervision and child
injuries: consideration of
different contexts when
translating knowledge

into practice

Shinji Nakahara,' Masao Ichikawa®

INTRODUCTION

Accumulating evidence shows that
appropriate care giver supervision can
reduce child injury risk."™ In an editorial,
Schwebel and Kendrick® indicated the
necessity of translating such knowledge
into practice, taking into consideration
cultural and societal differences. This
consideration is crucial when we transfer
knowledge obtained in high-income coun-
tries (HICs) to low- and middle-income
countries (LMICs) with differences in
culture and society, living environments,
and childcare patterns.

The editorial cited a debate in this
journal 13 years ago that argued a lack of
evidence to call for greater parental
supervision, noting the abundance of
empirical  evidence available today
compared with the scarcity at that time.®
The older debate between Roberts® and
Levene” raised two practical issues that
should be clarified in devising culturally
appropriate interventions, issues that we
think are still valid: how childcare
responsibilities should be shared among
family members and society, and how
strategies should be effectively balanced
between supervision and environmental
approaches. Without such considerations,
the necessity of greater supervision may
not be translated into practice, particu-
larly in societies where care givers, mainly
mothers, are overburdened with conflicting
tasks, including household chores, and
are faced with hazardous environments
necessitating  constant  vigilance to
protect their children®' Mothers will
have problems providing better child
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protection unless they have access to
childcare support. Thus, in this article,
we explore ways to better achieve child
safety by alleviating the difficulties that
care givers face in protecting children.

Challenges in LMICs
In LMICs, parents tend to have more
difficulties than their counterparts in
HICs in providing appropriate child
supervision. This is mainly because of
poor infrastructure and insufficient public
policies to support families. For example,
in rural areas where access to water and
fuel is poor, fetching water and firewood is
a time-consuming task, causing time
conflicts with childcare. In urban areas,
where people are likely to live in nuclear
families and relatives’ support is difficult
to obtain, public childcare support (eg,
daycare centres) is not readily available.

To make matters worse, mothers in
low-income households have to earn
money, resulting in conflicts between
childcare and income-generating activities.
When mothers work away from home,
they are compelled to leave their young
children attended by older siblings or even
unattended, or supervise children them-
selves while working if substitute care
givers (eg, out-of-home daycare, baby-
sitters or family members) are either not
available or not affordable.’? ' At times,
one or both parents have to migrate to
seek employment in urban cities, leaving
children with a single parent, grandpar-
ents or relatives. These practices increase
child injury risk.1t 14

Hazardous environments in LMICs may
necessitate higher levels of supervision to
ensure child safety.’’ Living environments,
especially in deprived areas, are unaccept-
ably hazardous to children. For example, in
squatter settlements on a rail line in
Bangladesh, children have a high risk of
train-related  injuries. A newspaper
reported that a young child crawled onto

the railway line while her mother was
collecting firewood and lost her hand under
the wheels of a train.'® In many poor
households, a kerosene stove is placed at
floor level for cooking in a multipurpose

-room because there are only one or two

rooms. Mothers cook while children are
playing near the stove on the floor.!S To
protect children in such hazardous envi-
ronments, even a momentary lapse in
supervision is not permissible.

Can parents take all the responsibility?
Given the circumstances in LMICs, simply
calling for better supervision would not
yield change among most poor families.
They cannot convert information on the
necessity for child supervision into prac-
tice without appropriate environmental
modifications and support. Even if they
understood the necessity of supervision,
poor working mothers would still have to
make the difficult choice to leave young
children at home unattended, because the
negative effect of not earning money is
more pressing than that of not supervising
children.

Some would argue that lapses in
supervision resulting in child injury can be
regarded as inappropriate practice, or even
child abuse." If so, parents must keep their
children close by taking them to the
workplace or forgoing out-of-home
employment. At home, mothers may need
to restrict children’s activities to reduce
injury risk.

Taking young children to workplaces (eg,
construction sites, streets and agricultural
sites) to meet at least the proximity
requirement of supervision could nega-
tively —affect child health, inclu-
ding—paradoxically—an increased risk of
injuries."? ' 7 If maternal opportunities to
participate in economic activities are lost,
lower household income could result in
a lower standard of living or lowering of
a mother’s self-esteem and position in the
household. Restricting the outdoor phys-
ical activities of children, although possibly
reducing injuries, may also predispose
children to obesity and cardiovascular
diseases in the future.'®

Covering for contextual deficiencies

Although childcare and child protection
are primarily parental responsibilities, the
difficulties parents face in providing
appropriate child supervision result from
deficiencies in contextual factors, which
include social support, living environ-

ments, and macroeconomic and cultural

circumstances.'® Since most of these defi-
ciencies are beyond parental control,
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public policy agendas should highlight the
importance of covering for such defi-
ciencies. This requires sharing responsi-
bilities of childcare and environmental
modification to reduce hazards.

Shared responsibility between individuals
and communities
Providing social support, especially child-
care support, has the potential to reduce
child injury risk by addressing some of
these deficiencies and influencing parental
supervision, child characteristics, and
environmental hazards.! ¥ 2 In HICs,
a transition in childcare is occurring:
. childcare responsibilities that used to be
taken predominantly by parents are
largely taken by society; childcare support
schemes, including out-of-home daycare,
paid parental leave, subsidies for childcare,
and essential child health services, are
becoming governmental duties.? Evidence
from HICs shows various benefits of such
support—for example, mothers can
engage in income-earning activities, and
early childhood education has the poten-
tial to benefit children from disadvantaged
households in terms of educational
attainment leading to a reduction in
inequalities. However, as the childcare
support in HICs is not targeted at injury
reduction, the kind of support that is
effective in reducing child injuries in
various settings is not well understood.
In LMICs, with hazardous living envi-
ronments and prevalent time conflicts
affecting mothers, out-of-home daycare
could be a promising measure to reduce
injuries. Trained care givers can protect
children from injury in safe play areas,
providing them with more opportunities
for various play activities, while parents
can fully engage in economic activities
without concern for the care and safety of
their children. Obviously, such schemes
should provide better child protection
than being left unattended or cared for by
preteen siblings. The effect of these
arrangements on injury risk is, as yet,
unclear. Some study findings in HICs
support the idea that public daycare
reduces child injury risk, but others do
not, or show no conclusive results.?* 23
Further research is needed to determine

more specifically the type of support-

needed in various situations, who can or
cannot provide appropriate support, and
how to improve non-parental supervision.

An example of such interventions in
LMICs is a programme in Bangladesh that
provides daycare for- young children,
protecting them while giving mothers free
time to carry out domestic chores,
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although its impact on child injury
prevention has not yet been evaluated.!
Villages in Bangladesh are surrounded by
natural bodies of water (canals, ditches
and ponds) where children bathe and play,
sometimes without adult supervision.?* %
Drowning is therefore a leading cause of
death among children aged 1-17 in
Bangladesh; child drowning deaths are
likely to occur when children are alone or
with their peers in the middle of the day
when their care %ivers are busy with
household chores.®® In such situations,
institutional supervision is a potential
intervention that resource-constrained
communities can afford, whereas building
barriers to all natural bodies of water is
not feasible.2®

Environmental factors and their interaction
with behavioural factors

Behavioural approaches and environ-
mental modifications are complementary
injury-prevention strategies.”” % Public
child safety policies could include strategies
to help care givers to adapt living environ-
ments and modify environmental factors
that they cannot control. Although
improving home environments is primarily
the responsibility of care givers, some
environmental hazards are left unmodified
when care givers have insufficient knowl-
edge about the risks, no access to necessary
resources such as low-cost safety devices,
or no decision-making power?® In such
situations, home visits by health workers
or community volunteers may help, as
they could provide knowledge about injury
risk and offer counselling about how to
modify environments and gain access to
necessary resources.

Local and national public policies are
required to modify environmental factors
that care givers cannot control. In addi-
tion, international commitment may be
required, given the limited resources in
LMICs. International donors should
incorporaté safety measures into their
development  programmes, including
donation of proven safety technology,
although current international aid seems
to be focused only on economic defi-
ciencies.” Various environmental modifi-
cations, such as road safety facilities and
traffic calming interventions, have proved
effective in reducing child injuries in
HICs. However, when transferred to

LMICs, close attention must be paid to-

country-specific  contexts, such as
different economic, political and cultural
situations.?” %

We should seek the optimum balance
between supervision and environmental

approaches to child injury prevention
because these have different effects in
different settings. Environmental modifi-
cation may have a greater impact than
supervision in some settings, but the
converse may be true in other situations;
or different levels of supervision may be
required to maintain child safety
depending on different child behaviours
and environmental hazards.! ? 5 7 19 20
When a baby is bathed in a bathtub, no
environmental measure can substitute for
a care giver’s vigilant attention. Fencing is
a proven intervention to prevent child
drowning in a swimming pool, whereas
supervision can fail because of lapses in
care giver attention.®!

However, we still do not know enough
about the level and type of supervision
that is appropriate in different settings or
the kind and extent of environmental
approaches that can reduce the necessary
level of supervision® Without such
knowledge, the only possible advice to
care givers is ‘always watch your children’,
because child injury risk that depends on
different environments remains unpre-
dictable® Studies that further investigate
this issue should guide policy makers to
provide the necessary support and envi-
ronmental modifications and care givers to
use the best supervision practices for
various settings.

CONCLUSIONS
We do not deny the importance of the
parental role in protecting children;
however, excessive emphasis on care giver
responsibilities can detract attention from
the need for family-supportive policies and
social reforms.3 Parents in LMICs often
face more difficulties in providing appro-
priate childcare than their counterparts in
HICs because of the contextual factors
noted above. People who develop policy
agendas should pay more attention to the
reasons for parents’ inability to provide
appropriate supervision, and intervention
programmes should be designed taking
into account the daily experience of the
targeted population through needs
assessment or involvement in programme
design. Sharing childcare responsibilities
between individuals and societies is an
example of the social reforms necessary to
support parents in providing appropriate
child supervision'; although the effects of
such supportive policies on child injury
still need to be properly evaluated.'®

We still do not have adequate knowl-
edge about the ways in which contextual
factors determine parental behaviours and
modify their effect on child injury risk,

Injury Prevention Qctober 2010 Vol 16 No 5
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In translating into practice the knowledge that supervision can reduce child injury risk, it
is necessary to consider cultural and societal differences that dictate various childcare
patterns, particularly in low- and middle-income countries, given that the knowledge

was obtained in high-income countries.

Social support may help care givers to provide appropriate child supervision more
readily by sharing the responsibilities of childcare and supervision between individuals

and societies.

Interventions should efficiently combine behavioural and environmental approaches.
Future research should investigate what support is necessary in various settings and
how environmental madification can change the necessary level of supervision.

nor do we fully understand how policy
and environmental interventions interact
with behavioural approaches. With addi-
tional research into these issues, we may
some day be able to answer the questions
raised by Roberts® and Levene” 13 years
ago, in order to guide policy makers and
care givers today.
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Abstract

Background We developed simple methods of risk
adjustment for evaluating the quality of injury care (pre-
dicting survival probabilities of the injured) by fully uti-
lizing routinely collected data in injury surveillance and
clinical practices. Widely used methods of risk adjustment
require additional data that are difficult to collect in
resource-constrained settings.

Methods We developed logistic regression models that
predict survival using data obtained from 9,840 victims
aged 15 years or older with blunt traumatic injuries who
were registered in the Japan Trauma Data Bank, Japan’s
national trauma registry, between January 2004 and
December 2007. The models included three predictors:
age, an anatomical injury severity parameter such as a
simplified severity categorization (minor, moderate, and
severe) described in the Injury Surveillance Guidelines,
and a physiological status parameter. The models’ abilities
to predict survival probabilities were evaluated using the
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area under the receiver-operating characteristic curve
(AUROCCQ).

Results The simplified three-predictor models showed
good performance with the AUROCC ranging from 0.86 to
0.94. In particular, the models with a consciousness level
indicator as a physiological parameter showed a high
AUROCC, ranging from 0.93 to 0.94, which was not much
different from the performance of the widely used method
that shows an AUROCC of 0.96.

Conclusions Simplified methods of risk adjustment that
require only routinely collected data will facilitate evalu-
ation and improvement in the quality of injury care in
resource-constrained low- and middle-income countries,
where injuries are a growing public health concern.

Introduction

Injuries are a growing public health concern, killing more
than 5 million people every year worldwide; more than
90% of injury deaths occur in low- and middle-income
countries (LMICs) [1]. Prevention of injury deaths requires
improvement in the care of the injured, as well as imple-
mentation of injury prevention measures. Quality
improvement of injury treatment, including a prehospital
emergency care system, is an important component in
strengthening health care systems in LMICs with limited
human and physical resources for injury care, as has been
shown by studies based on the Guidelines for Essential
Trauma Care [2-5].

Quality of care comprises three elements: structure
(resources and capacities), process (how patients are trea-
ted), and outcome (survival, adverse events, or subsequent
disabilities) [4]. Improvements in structure and process are
intermediate steps in the pursuit of outcome improvement;
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thus, outcome evaluation is a direct measurement of quality
improvement. Objective comparison of injury outcomes
between individuals or between hospitals requires methods
of risk adjustment to control for case-mix severity.

Various risk adjustment methods have been developed:
some based on the Abbreviated Injury Scale (AIS), some
on physiological parameters alone, and some on the
International Classification of Diseases (ICD) (Table 1)
[4-7]. The AIS severity scores rate the severity of each of
the sustained injuries from 1 (minor) to 6 (fatal). The Injury
Severity Score (ISS) consists of the AIS severity scores for
the three most severely injured body regions. The Revised
Trauma Score (RTS) is a physiological score consisting of
the Glasgow Coma Scale (GCS) score indicating con-
sciousness level using three components (motor, verbal,
and eye opening), respiratory rate (RR), and systolic blood
pressure (SBP). The Trauma and Injury Severity Score
(TRISS) is a logistic regression model that predicts sur-
vival probabilities (Ps), and comprises the ISS and RTS,
age, and injury mechanisms. There is also a method based
on the ICD codes, named the ICD-based Injury Severity
Score (ICISS), in which the survival risk ratio (SRR) for
each code is empirically derived from the data [8].

Table 1 Risk adjustment methods

These methods séem inappropriate in resource-con-
strained settings owing to difficulties in collecting infor-
mation. For example, TRISS is a complicated composite of
several parameters including AIS severity scores and GCS
scores, which may not be routinely collected. Because
accurate use of the AIS and GCS requires appropriate
training, collecting such information poses challenges to
LMICs with additional cost [9]. Furthermore, the more
parameters are required, the more frequently missing data
occur. The ICISS does not require additional use of the AIS
to describe injury severity; however, it does require large
data sets to calculate the SRRs for each injury code,
including rare ones, which is also a challenging task for
LMICs, particularly those with small populations [10].

Alternative simple methods have also been developed.
The Kampala Trauma Score (KTS) developed in Uganda is
an example of a simplified TRISS-like scale, in which the
ISS and GCS scores are replaced by the number of serious
injuries with three categories and the four-point con-
sciousness scale, respectively (Table 1) [11]. Attempts to
simplify the TRISS in high-income countries (HICs)
include replacing the multiple-injury scores (ISS) with the
worst injury score alone, replacing the total GCS scores

GlasgowComaScale(GCS) = GCSm + GCSv + GCSe

GCSm = motor component indicating best motor response, ranging from 1 (no response) to 6 (moves limb to command)

GCSv = verbal component indicating best verbal response, ranging from 1 (no response) to 5 (oriented response)

GCSe = eye component indicating eye opening response, ranging from [ (no response) to 4 (opens spontaneously)
RevisedTraumaScore(RTS) = 0.9364 x GCS + 0.7326 x SBP + 0.2908 x RR*
The coefficients were derived from the Major Trauma Outcome Study (MTOS)

Injury Severity Score(ISS) = AIS? + AIS3 + AIS?

The ISS is the sum of three squared AIS severity scores in the three most severely injured anatomical body regions (out of 6 regions); 1 AIS

score is derived from a single region
Trauma and Injury Severity Score (TRISS)

Logit(Ps) = « + f8; x RTS + B, x ISS + B3 x Age®
Coefficients derived from the MTOS are:

Constant (o) RTS (B))
Blunt —0.4499 0.8085
Penetrating —2.5355 0.9934

ICD-based Injury Severity Score(ICISS) = SRRiy;; X SRRip2 X SRRipjz X -

ISS (B2 Age (f3)

—0.0835 —1.7430

—0.0651 —1.1360
X SRRjpjn

The Survival Risk Ratio (SRR) for each code is empirically derived from the data: the number of patients who survived with a certain ICD code
divided by the total number of patients with injuries. The ICISS is the product of all the SRRs in a patient: from SRR;y,;; (SRR for injury 1) to
SRR;pjn (SRR for injury n)

Kampala Trauma Score(KTS) = Age + SBP + RR + AVPU + No. of serious injuries®

All parameters are coded: age is coded as in the TRISS; codes used in the RTS (5 points) are collapsed for SBP (4 points) and RR (3 points); The

number of injuries is coded into 3 categories (nil, single, or multiple)
Source: Refs. [4, 6,7, 11]

SBP systolic blood pressure, RR respiratory rate, AIS abbreviated injury scale, AVPU scale four-point consciousness scale (alert, responsive to
verbal stimuli, responsive to painful stimuli, and unconscious)

# Age, GCS, SBP, and RR are coded
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with the GCS motor component (GCSm), and developing a
model with only the three parameters of age, worst injury
SRR, and GCSm [12-14]. These methods perform quite
well, even better than the TRISS; however, they have not
fully addressed the issue of difficulties in collecting nec-
essary information. The KTS requires five parameters, and
the number of serious injuries included in the parameters
may not be available in other countries; the simplified
version of TRISS in HICs requires AIS severity scores,
ICISS-based SRRs, or GCS scores.

Given the reality of the situations faced in LMICs, we
need simplified methods based only on readily obtainable
information. A study in Canada indicated that inclusion of
age and a physiological parameter in the predictive models
would minimize differences in the predictive ability of
anatomical injury severity indicators, posing the possibility
that models including the three parameters would show
similar performance regardless of the types of indicators
used [15]. In countries where injury surveillance has begun
based on the Injury Surveillance Guidelines prepared by
the World Health Organization, a simplified global severity
indicator (minor, moderate, or severe) described in the
guidelines is available [16, 17]. Simple physiological
indicators can be obtained from clinical records. Therefore,
we developed methods with a minimum set of parameters
using easily obtainable indicators.

Methods
Study design, population, and settings

We developed logistic regression models that predict the
survival probabilities of injured victims on the basis of
three simplified predictors—age, anatomical injury sever-
ity, and physiological status—using data derived from the
Japan Trauma Data Bank (JTDB). The JTDB is Japan’s
national trauma registry. Participating facilities are critical
care medical centers and emergency departments of tertiary
care hospitals, which are equivalent to level 1 trauma
centers; hospitalized patients in the participating facilities
are registered [17, 18]. Because participation in the JTDB
is voluntary, some facilities are participating but others are
not, depending on their resource availabilities and wishes
[19]. Data included in the JTDB are age, sex, injury
mechanisms, type of injury (penetrating, blunt, burn, or
other), physiological status at the scene and at-hospital
arrival, AIS codes including severity score for all injuries,
prehospital care, survival, length of ICU and hospital stay,
and treatment details [17].

Study participants were patients 15 years of age or older
with blunt traumatic injuries who were hospitalized and
registered in the JTDB between January 2004 and
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December 2007. Of the eligible 16,716 participants, 12,437
had information on age, AIS severity scores, and physio-
logical status on arrival (GCS, SBP, and RR), which are
necessary to calculate TRISS-based Ps; 9,840 had outcome
information (survived or not) and thus were included in the
model development. We did not model the Ps of pene-
trating and pediatric injuries owing to the insufficient
number of victims in the database. The protocol of the
present study was approved by the ethics committee of
St. Marianna University School of Medicine.

Models and parameters

The models developed in this study are described as:

Logit(Ps) = B, + B, x age + B, x severity + S,
X physiology,

where f, denotes a regression coefficient; f; denotes the
intercept point; f8;.3 denote coefficients for the three pre-
dictors; age indicates age; severity indicates anatomical
injury severity (worst injury AIS severity scores [maxAIS],
collapsed AIS severity categories, or number of serious
injuries); and physiology indicates physiological status
(GCS, GCSm, AVPU [four-point consciousness scale],
SBP, or RR). Each model includes each of these injury
severity and physiological status indicators as predictors;
widely used indicators (maxAIS and GCS) were also
included so that we could compare their predictive abilities
with those of the simplified indicators. All indicators other
than those for the maxAIS and GCSm were categorized
and coded, as shown in Table 2. The coded values of age,
GCS score, SBP, and RR are the same as those used in the
TRISS and RTS. The coded values of the number of seri-
ous injuries are the same as those of the KTS. To compare
the performance of the three-predictor models with the
widely used TRISS method, the JTDB-derived TRISS
model was fitted.

The maxAIS, a six-point scale, was collapsed into three
categories in three ways to simulate possible variations in
the usage of the simplified global injury severity categories
of “minor,” “moderate,” and “severe” described in the
Injury Surveillance Guidelines [16], assuming that the
global severity can be judged on the basis of the severest
injury (Table 2). We defined serious injuries as those with
AIS severity scores of 3 or more for the number of serious
injuries. The 12-point GCS score was collapsed into four
categories to simulate the usage of the four-point AVPU
(Alert, responsive to Verbal stimuli, responsive to Painful
stimuli, and Unconscious) scale according to the report by
Kobusingye and Lett that showed that the AVPU corre-
sponded well to GCS scores [11].

Because variations or misclassifications are likely to
occur in the actual classification practices using the
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Table 2 Coded values of categorized indicators

Coded GCS SBP RR Age AVPU Collapsed Collapsed Collapsed No. of

value score (mmHg) (/min) Max AIS (a) Max AIS (b) Max AIS (¢) serious
injuries

4 13-15 >89 10-29

3 9-12 76-89 >29 GCS 14-15

2 6-8 50-75 6-9 GCS 11-13 AlIS 12 AIS 1-2 AlS 1 2+

1 4-5 1-49 1-5 55+ GCS 5-10 AIS 3-4 AIS 3 AIS 2 1

0 3 0 0 0-54 GCS 34 AIS 5-6 AIS 4-6 AIS 3-6 0

simplified categorizations (global severity categories and
the AVPU scale), simulating the use of these simplified
categories just by collapsing the AIS severity scores and
GCS scores is unrealistic. Therefore, we developed a
model that includes as predictors a mixture of the three
ways of collapsing the AIS severity scores and a mixture of
the two different ways of collapsing the GCS scores to
simulate the variations. For each participant, one of the
three ways of collapsing the AIS and one of the two ways
of collapsing the GCS scores (i.e., the AVPU scale or the
GCS scores 3-5, 6~9, 10~12, and 13-15 coded from O to 3)
were randomly selected to make mixed indicators.

Analyses

We obtained estimates for the models’ regression coeffi-
cients using the maximum likelihood estimation with sur-
vival being the outcome (survival = 1; nonsurvival = 0).
A 10-fold cross-validation was used to compute the pre-
dicted Ps from the model estimates. The data were ran-
domly divided into 10 subgroups; 9 subgroups (training
data sets) were used to estimate the coefficients, which
were applied to the remaining subgroup (validation data
set) to obtain the predicted Ps, in a round of cross-valida-
tion. This process was repeated an additional nine times.
We recorded the averages of the 10 sets of coefficients. The
predicted probability values were used to evaluate the
models’ ability to distinguish survivors from nonsurvivors
and the models’ goodness-of-fit (calibration). The area
under the receiver-operating characteristics curve (AU-
ROCC), which ranges from 0.5 to 1, was calculated to
evaluate the discrimination ability (values nearer to 1
indicate better abilities). The Hosmer—Lemeshow (H-L)
statistic was used to evaluate the calibration. The H-L
statistic indicates the degree of difference between the
predicted and observed numbers of survivors in each decile
of predicted Ps (smaller H-L values indicate better cali-
bration) [20]. Because of the very large sample size, we
used neither statistical tests with obviously small p values
nor narrow confidence intervals. Model fitting was done
with SPSS version 17. To indicate how the simplified
models can be easily used even without a calculator, we

developed lookup tables showing Ps for each set of pre-
dictive variables (see Appendices A and B).

Results

Table 3 shows the characteristics of the study population.
The majority of the 9,840 analyzed participants were male,
younger than 55 years of age, and with sustained unin-
tentional injuries due to traffic crashes or falls; 18% of
them died after admission. Those with injuries of minor to
moderate severity (ISS < 15) accounted for about half the
study population. Most of the participants showed normal
physiological status on hospital arrival.

Table 4 shows the coefficients of the tested models
(averaged values from the 10-fold cross-validation),
AUROCC, and H-L statistic. The TRISS model showed
the best AUROCC. Among the three-predictor models,
those with maxAIS and GCS scores showed a marginally
better AUROCC (0.949) than did the others. Among the
models with collapsed AIS severity categories or number
of serious injuries, those with the GCSm or AVPU as the
physiological parameter showed quite good performance,
with an AUROCC ranging from 0.930 to 0.944, whereas
those with BP or RR as the physiological parameter
showed a lower AUROCC, ranging from 0.861 to 0.93 1.
Models with the GCSm or AVPU did not differ in AU-
ROCC; in the majority of models, those with the AVPU
showed lower H-L values than did those with the GCSm.
The model including mixed indicators as explained in the
“Models and parameter” had an AUROCC of 0.935 and an
H-L value of 51.5 (not shown in Table 4). Appendices A
and B show examples of lookup tables for two models.

Discussion

The present study showed that the models using easily
obtainable simple indicators showed fairly good perfor-
mance in predicting Ps of blunt traumatic injuries as long
as they included the three parameters of age, anatomical
injury severity, and physiological status. As a physiological
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Table 3 Characteristics of the eligible and analyzed participants

Table 3 continued

Eligible (n = 16,716)

Analyzed (n = 9,840)

Eligible (n = 16,716) Analyzed (n = 9,840)

n % n % n % n %

Age (years) 4-5 373 22 261 2.7
15-54 8,861 53.0 5,471 55.6 3 1,671 10.0 1,236 12.6
55+ 7,855 47.0 4,369 444 Time to emergency room (min)

Sex <30 4,343 34.1 2,974 33.7
F 5,312 31.8 3,003 30.5 30-59 6,868 53.9 4,793 54.4
M 11,402 68.2 6,835 69.5 60-89 998 7.8 693 79
Missing 2 2 90-119 230 1.8 151 1.7

Survival 1204 311 2.4 206 2.3
Died 2,101 17.6 1,769 18.0 Missing 3,966 1,023
Survived 9,816 824 8,071 82.0
Missing 4,799 0

Imen.tion (cause) indicator, the AVPU may be the potential candidate for
Unintentional 14,524 914 8,723 920.7 actual use because it showed better discrimination ability
Self harm 1,086 6.6 695 72 than did SBP or RR and better calibration than did the
Violence 259 1.6 170 18 GCSm; any type of simplified anatomical injury severity
Other 63 0.4 34 04 indicator showed similar abilities. These findings suggest
Missing 384 218 that we can further simplify the previously developed

Mechanism simplified models by reducing the number of variables and
Traffic 8,766 54.2 5,454 56.7 replacing complicated variables with simple ones.

Fall 5,956 36.8 3,344 34.8 In under-resourced settings in LMICs, particularly in rural
Other 1,447 8.9 814 8.5 areas, the limited resources allow neither two separate data
Missing 5417 228 collection systems for two different purposes, one for injury

Injury Severity Score prevention and the other for quality improvement, nor col-
1-8 3,018 20.4 1,790 182 lection of additional information such as the AIS and GCS.
9-14 4,723 32.0 3,051 31.0 Considerable additional cost is required to establish two sys-
15-25 4,035 273 2,822 28.7 tems and introduce the AIS and GCS, which require costly
26-45 2,427 16.4 1,731 17.6 training, to countries where such indicators are not now in use.
46-75 572 3.9 446 45 Using the simplified models developed in the present
Missing 1,941 0 study would enable the use of injury surveillance data for

Systolic blood pressure (mmHg) both injury prevention and risk adjustment in quality
90+ 13,071 85.5 8,275 84.1 evaluation without significant additional cost. Many
76-89 495 32 325 3.3 LMICs are establishing or have already established injury
50-75 398 26 254 2.6 surveillance systems on the basis of the Injury Surveillance
1-49 195 13 129 13 Guidelines, which are likely to include the simple global
0 1,125 74 857 8.7 severity categorization (minor, moderate, or severe) [16,
Missing 1,432 0 17]. Physiological indicators routinely collected in clinical

Respiratory rate (min) practice can be easily added to the injury surveillance. Our
1029 10,670 771 7542 76.6 findings suggest that level of consciousness has better
304 1,925 13.9 1,348 13.7 performance than hemodynamic or respiratory status. Thus,
6-9 60 04 41 0.4 the GCS or AVPU scale should be used whenever possible
15 19 01 16 02 as the physiological indicator in the models, and SBP or
0 1172 8.5 393 9.1 RR should.be. used as the SECf)nd option if the conscious-
Missing 2,870 0 ness level indicator is not a.waxla.ble. .

Glasgow Coma Scale An advaptage 9f parsimonious. models with fewer
13-15 12,832 76.8 7,078 719 parameters is that_ 11@ted combinations of the parameter
012 1018 6.1 684 20 codes result ina limited number of P§. This would enab.le
63 822 49 581 59 the use of simple lookup tables like those shown in

Appendices A and B. Survival probabilities can be obtained
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Table 4 Model coefficients, discrimination abilities, and calibrations

Models Estimates for regression coefficients AUROCC H-L
Constant Age Anatomical Injury Physiological
Severity status
TRISS (age, ISS, RTS) —1.82 —-1.32 -0.07 0.94 0.962 61.2
Age, MaxAIS, GCS 2.32 —0.90 —0.87 1.17 0.949 372
Age, MaxAIS, GCSm 1.86 —0.86 —0.98 0.89 0.947 48.6
Age, MaxAIS, SBP 3.39 —0.89 —1.49 1.35 0.941 257
Age, MaxAIS, RR 3.19 —0.98 —1.50 1.43 0.934 7.0
Age, cMaxAlIS(a), GCSm -3.16 —0.88 1.54 0.91 0.943 453
Age, cMaxAlIS(a), AVPU —1.59 -0.83 1.20 1.58 0.944 324
Age, cMaxAIS(a), SBP —4.22 —0.91 2.37 1.37 0.931 144
Age, cMaxAIS(a), RR —4.42 —1.00 2.35 1.44 0.924 14.2
Age, cMaxAIS(b), GCSm —2.81 —0.83 1.43 0.94 0.943 28.1
Age, cMaxAIS(b), AVPU —1.28 —-0.78 1.12 1.63 0.942 324
Age, cMaxAIS(b), SBP —-3.33 -0.79 1.97 1.35 0.920 42.7
Age, cMaxAIS(b), RR —3.62 —0.88 2.03 1.44 0.913 22.7
Age, cMaxAIS(c), GCSm -2.66 —0.84 248 1.00 0.930 64.7
Age, cMaxAIS(c), AVPU -1.14 -0.79 2.16 1.73 0.934 29.7
Age, cMaxAIS(c), SBP —2.82 -0.79 2.77 1.38 0.869 29.7
Age, cMaxAIS(c), RR —3.05 —0.87 2.92 1.46 0.861 326
Age, No of injuries, GCSm —0.56 -1.03 -1.30 0.97 0.936 64.4
Age, No of injuries, AVPU 0.64 —0.96 —-1.12 1.68 0.941 36.0
Age, No of injuries, SBP —0.68 -0.97 -1.23 1.29 0.888 55.6
Age, No of injuries, RR -0.69 —1.08 —1.40 1.38 0.884 56.5

AUROCC area under receiver-operating characteristic curve, H-L Hosmer-Lemeshow statistic, 1SS injury severity score, RTS revised trauma
score, MaxAIS worst injury AIS severity score, GCS Glasgow Coma Scale score, GCSm GCS motor component, cMaxAIS collapsed MaxAIS
into three categories, AVPU four-point consciousness scale (alert, responsive to verbal stimuli, responsive to painful stimuli, and unconscious)

Age, GCS, cMaxAlS(a—), SBP, RR, and AVPU were coded as shown in Table 2

quickly from such tables. However, if many parameters are
used, the lookup tables will become large and complicated;
thus, software to calculate the Ps may be required.
Furthermore, using fewer parameters can reduce the
magnitude of the problems associated with missing data
[21]. Scales like TRISS that require many parameters suffer
from frequency of missing data. In the present study, 26%
of the eligible participants were missing some of the
information necessary to calculate TRISS-Ps. Even in HICs,
it is not infrequent to find data missing in a trauma registry
or in patient records in a tertiary care hospital [22, 23].
Some limitations of the present study should be noted.

We used simulated simplified indicators to test the models -

instead of data actually collected on simple global injury
severity, number of serious injuries, or the AVPU scale,
because these were not available in the JTDB data. The
good performance of the tested models might have resulted
from the fact that the simulated indicators were derived by
collapsing the AIS severity scores and GCS scores. This
possibility, however, is unlikely. The different ways of
collapsing the AIS severity scores yielded similar results;

simulated variations or misclassifications in the actual
utilization of the simplified indicators by mixing different
ways of collapsing the AIS severity scores and the GCS
scores also made marginal differences.

Another limitation is the lack of representativeness in the
data in two ways. First, owing to missing data, only 59% of
the eligible cases were analyzed. The differences in char-
acteristics between the total eligible participants and the
analyzed participants were small. (We did not perform
statistical testing because the large sample size would make
very small differences statistically. significant.) Second,
because participating in the JTDB is voluntary, the regis-
tered data might have overrepresented well-staffed facilities
that are likely to participate [19]. Quality of care might be
different between well-staffed and understaffed facilities.

Although we showed the potential usefulness of the
simplified models, it should be noted that we should vali-
date them with data actually collected in LMICs and, even
more important, further studies should estimate the coef-
ficients of the models for each country [24, 25]. The
coefficients estimated in the present study based on
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Japanese data may not apply to other countries with dif-
ferent situations (e.g., emergency care and transportation
systems). Therefore, the lookup tables shown in Appendi-
ces A and B should be considered as a reference, and the
development of country-specific tables is recommended.
Furthermore, given the different country-specific situa-
tions such as extremely long transportation time in LMICs
(up to several hours in remote areas) [26], model modifi-
cation may be necessary. In the present study, we did not
include such factors because our primary purpose was to
simplify the standard methods, which do not include a time
factor (the relative contribution of a time factor to outcome
prediction is small when using data collected in HICs) [27].
In addition, extrapolation of modeling based on short
transportation time to situations with longer transportation
times is inappropriate. Such model modification, if neces-
sary, should be based on the data obtained in LMICs.
Finally, we could not test the models for pediatric and
penetrating injuries owing to the insufficient number of
such injuries in the JTDB. As the TRISS method shows,
however, the same model (combination of parameters) may
apply to both blunt and penetrating injuries, or to both adult
and pediatric injuries, with different coefficients [28].
Further studies are also needed to validate the models and
estimate coefficients for pediatric and penetrating injuries.

Conclusions

We developed simple models to predict survival probability
for the purpose of risk adjustment in care quality evaluation
with a performance level that is not very inferior to widely
used models such as TRISS or models with worst injury
severities. Our models do not require AIS severity scores or
GCS scores, which are difficult to collect in resource-con-
strained settings. Although validation of the models from
data actually collected in LMICs is needed, the findings
open up the possibility of existing or emerging injury sur-
veillance systems, which are designed for injury prevention,
being also used for quality improvement activities.
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Table 5 Probability of survival chart by age, injury severity, and
AVPU

AVPU
A v P 18]
Age > 55 years
Severity (cMaxAIS[c])
Minor (MaxAIS = 1) 0.999 0.997 0.984 0.916
Moderate (MaxAIS = 2) 0.996 0.976 0.876 0.556
Severe (MaxAIS = 3-6) 0.963 0.823 0.451 0.127
Age < 55 years
Severity (cMaxAIS[c])
Minor (MaxAIS = 1) 1.000 0.999 0.993 0.960
Moderate (MaxAlIS = 2) 0.998 0.989 0.940 0.734
Severe (MaxAIS = 3-6) 0.983 0911 0.644 0.242

Model: Logit
1.73 x AVPU

(Ps) = —1.14 — 0.79 x age + 2.16 x severity +

Table 6 Probability of survival chart by age, number of severe
injuries, and AVPU

AVPU
A v P U

Age> 55 years

No. of severe injuries

0 0.991 0.954 0.794 0.420
1 0.973 0.871 0.559 0.192
2+ 0.922 0.689 0.293 0.072
Age < 55 years
No. of severe injuries
0 0.997 0.982 0.910 0.655
1 0.990 0.947 0.768 0.383
2+ 0.969 0.853 0.521 0.169

Model: Logit (Ps) = 0.64 — 0.96 x age — 1.12 x no. of injury +
1.68 x AVPU
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Revision of the International Classification of Diseases to

®

include standardized descriptions of multiple injuries and injury

severity

Shinji Nakahara? & Junichiro Yokota®

Introduction

The International Classification of Dis-
eases (ICD) is widely used as a source
of mortality statistics. However, two
major difficulties arise when recording,
presenting and analysing injury data us-
ing this diagnosis classification. First, due
to the absence of standardized methods
for describing multiple injuries, they are
described in various ways in mortality
and morbidity statistics. For example,
designating the most severe injuries as the
primary injuries or categorizing multiple
injuries as such withour further derails.*
Second, an increasing need to describe
injury severity for case-mix groups has
led to the introduction of various ad-
ditional severity-scoring methods, as the
ICD itself, as a diagnosis classification
for mortality, does not consider severity.
To avoid the costs of additional severity
scoring, methods have been developed
to convert administrative ICD-based
diagnosis codes into severity scores using
computer software or to calculate survival
probability for each diagnosis code from
patient data. However, these approaches
have respective disadvantages due to the
need to track software updates or the
need for large data sets to calculate the
probabilities.*

The World Health Organization” is
currently advocating revision of the ICD
to expand upon its largely administrative
applications and allow more clinical uses.
This provides an opportunity to address
the issues associated with describing mul-
tiple pathologies and scoring the severity
of injury data, which are also relevant to
other non-injury diseases. In addition,
a few low-income countries do not use
the ICD or severity scores, even in the
absence of vital registrations depending
on periodical surveys, thus the revision
process should facilitate their adoption
of standardized methods. Here we dis-

cuss how the revised ICD system could
standardize the description of multiple
injuries to provide accurate statistics,
incorporate severity scores to avoid ad-
ditional resource input, and facilitate
utilization in countries where it is not
currently in use.

Describing multiple injuries

For mortality statistics, the one-dimen-
sional principle of the ICD allows only
one underlying cause of death to be se-
lected and coded. The multi-dimensional
phenomenon of multiple injury is thus
usually reduced cither to a single code
reflecting the primary (most severe) injury
or to one of a few multiple-injury codes,
based upon an arbitrary decision."* Se-
lecting the primary injury when filling in
death certificates, or the underlying cause
from among several injuries reported
in death certificates, is also an arbitrary
practice that reflects the certifier’s or
coder’s perception of which pathology is
the most important. Choosing just one
code results in a loss of information on
the other, unselected, pathologies, so the
resultant statistics underestimate the sig-
nificance of each injury and inadequately
depict the interactions between them.*
The limited number of multiple-injury
codes included in the ICD cannot cover
all possible patterns. For example, codes
T00-T07 indicate injuries involving
multiple body regions while S codes also
include multiple injuries in the same body
regions, (e.g. $52.7 indicates “multiple
fractures of the forearm”). This arbitrari-
ness, due to alack of standardization, also
applies to the presentation and analysis of
morbidity statistics,’ although not to the
way that they are recorded because clini-
cal modifications of the ICD require the
codingof each injury, thereby superseding
the multiple-injury codes.

The shortcomings of one-dimen-
sional coding have led some countries to
introduce multiple coding systems for
mortality statistics, in which all causes
mentioned on a death certificate are
coded and reported.* It would be prefer-
able to omit the multiple-injury codes
from the revised ICD, and to code and
record all injuries separately. This would
allow all patients with a certain injury
to be counted, even when it is not the
primary injury, which is not the case
with one-dimensional underlying-cause
(or primary-injury) coding.” When pre-
senting data on multiple injuries, instead
of simply listing all injuries sustained, it
might be preferable to use two-dimen-
sional coding that reflects the important
attributes of the nature of the injury and
the affected body region to characterize
an individual’s injuries.

Proposed methods to describe mul-
tiple injuries while presenting statistics in
a standardized way include the multiple
injury profile, which combines informa-
tion on the anatomy and the nature of
the injury, using a body-region by injury-
nature matrix.' Each injury falls into one
of the cells in the matrix. The multiple
injury profile can summarize all of the
individual injuries in one patient using
cell combinations. The granularity of the
categorizations used in the matrix can be
changed by subdividing or collapsing the
categories as needed. An abridged version
of the matrix can be used as a shortlist in
countries where the full list of the ICD is
not used. By contrast, the matrix can be
used as a supplement, in conjunction with
listing all of the injuries to give complete
descriptions in countries where multiple
coding is done.

Multiple coding using standardized
methods of presenting multiple patholo-
gies, if applied to the whole ICD, would
allow more accurate descriptions of each
pathology and the interactions both
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Table 1. Methods for scoring severity of injuries?

Severity scores Definition Characteristics Required resources
Abbreviated injury . An injury categorization with severity scores — Not designed for survival — Duplicate coding or computer
scale (AlS) assigned to each injury category. Injuries are prediction. software (ICDMAP) to obtain AIS severity

Injury severity '
score (ISS)

Revised trauma
score (RTS)

Trauma and injury
severity score
(TRISS)

|CD-based injury
severity score
(ICISS)

Matrix-based
method

rated from 1 (minor) to 6 (fatal).

Indicates overall severity for a patient with
multiple injuries. 1SS is a sum of the square of
the highest AIS severity scores of the three most
severely injured body regions (from a choice of six
body regions).

ISS=AIS? + AlS,2 +AIS?

Consists of physiological parameters independsnt
of anatomical injury scores.

RTS=0.9364 x GCS + 0.7326 x SBP +

0.2908 < RR®

A combination of an anatomical measure (iSS),
physiological measure (RTS) and patient ability
1o withstand injury severity (age) by type of injury
(blunt/penetrating). Probability of survival (Ps) is
determined using a logistic regression model,
Logit (Ps) =, + B, % RTS + B,xISS + f, x age®
A multiplicative prediction model with an
assumption that all injuries contribute to the
overall severity. The SRR for each code is
empirically derived from the patient data, To

“obtain ICISS, SRRs of all injuries are multiplied.

ICISS=SRR,, x SRR, ,, % SRR, ,x SRR ,

it < ije inj3 injn
In"a body-region by injury-nature matrix (such as

‘the Barell matrix), the proportions of survival and

approximated AlS score are calculated based on

— Determined based on expert
cONsensus.

- Does not consider physiological
parameters.

—Equal weighting given to each
body region.

—Does not account for multiple
injuries in the same body region.
— Physiological parameters are
time-sensitive.

~ —Widely used in outcome studies

because of its good predictive
ahility.

— Directly derived from ICD or
ICD-CM codes. — Predictive ability
is equal to, or better than, that of
the TRISS.

— Relatively easy to handle due to
diminished number of categories
compared with other methods.

scores from ICD codes.

—AIS severity score

~ Patient data and statistical software to
calculate country-specific coefficients.

— Availability of AlS severity score,

— Patient data and statistical software to
calculate country-specific coefficients.
— Computer software to calculate the
score because of its mathematical
complexity.

— Large patient data set.

- Computer software might be required
to calculate each patient's score due to
large number of codes

— Patient data set (not necessarily a
large one) and statistical software to
calculate country-specific values.

data for each cell. These values are used in the
same way as ICISS and AlS-based indices.

— AIS severity score if approximated
severity scores are determined.

GCS, Glasgow Coma Score; ICD, International Classification of Diseases; ICD-CM, International Classification of Diseases-Clinical Modification; RR, respiratory rate;

SBP, systolic blood pressure; SRR, survival risk ratio.

2 This is not a comprehensive fist of injury scores, but rather shows typical and popular indices to indicate their relationships with the ICD codes and required

resources.

® Coded values are used for Glasgow Coma Score, systolic blood pressure, respiratory rate and age.

within and between specific types of in-
jury or internal cause.’* This would also
help to clarify how underlying ailments
contribute to the impact of injuries in
ageing socicties.

Describing injury severity

Various methods have been developed
to score injury severity (Table 1).* The
abbreviated injury scale (ALS) describes
the anatomical injury severity using
consensus-based scores determined by
experts. The revised trauma score (RTS)
is based on physiological paramerers
independent of injury diagnoses. The
injury severity score (ISS) consists of
the square of the highest AIS scores in
the three most severely injured body
regions. The trauma and injury sever-
ity score (TRISS) predicts survival
probabilities using logistic regression
modelling that employs the 1SS, RTS,
age and injury mechanism as predictors.

AlS-based methods, such as TRISS, are
widely used because of their suitability
and accuracy based on ample research
findings. However, duplicate coding
for injury diagnosis and severity car-
ries additional costs in terms of human
resources and training requirements to
ensure accuracy, which is unaffordable in
resource-constrained settings.”

To avoid the additional costs associ-
ated with duplicate coding, atcempts
have been made to assign a severity score
to each ICD-based diagnosis. One suc-
cessful example is a method that derives
AIS severity scores from ICD-9 codes
using computer software (ICDMAP).
Although this is a validated tool, it also
carries additional costs, albeit smaller
ones than those associated with duplicate
coding, and it notably fails to update us-
ing newer versions of the ICD and AIS,
resulting in variability in the versions used
in case-mix grouping methods.*

Bull World Health Organ 2011:89:238-240 § doi:10.2471/BLT.10.078964

Another example is the ICD-based
injury severity score (ICISS), which as-
signs an empirically derived severity score
to each ICD code.** Survival probabili-
ties, called survival risk ratios (SRRs), are
calculated for each code based on patient
dara (Table 1). The ICISS is a promising
measure that performs as well as, or better
than, AIS-based methods; however, it has
some shortcomings that might hinder its
use in low-income countries, particularly
those with small populations. Large data
sets are required to avoid large fluc-
tuations occurring in the SRR for rare
injuries. Also, SRRs might differ across
countries and over time, depending on
health-care systems and improvements in
treatment, thereby requiring countries to
calculate and update their own data sets.”

Whereas code conversion and the
ICISS operate outside the ICD frame-
work and do not modify the diagnosis
codes, an alternative approach would
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be to integrate consensus-based severity
scores into the ICD. The revised ICD is
expected to have wider coverage, includ-
ing morbidity statistics and case-mix
groupings.” Integrating an AIS system
into the revised ICD as a clinical modi-
fication or expansion would remove the
need for duplicate coding or code conver-
sion (and associated software updates).
This would be facilitated by recent im-
provements in the compatibility between
the ICD and the AIS.

None of the above-mentioned se-
verity-scoring methods can be used in
countries where a shortlist of ICD codes s
required. The matrix-based approach can,
however, be applied if the predominant
AIS severity scores (because more than
one code can fall in one cell) or ICISS-
type survival probabilities are determined
for each of the matrix cells based on em-
pirical data.” Assigninga consensus-based

approximate severity score to each cell is
also possible. This abridged method, with
diminished diagnosis categories and the
flexibility to handle both AIS-type and
ICISS-type indices, can be used to create
a short morbidity list with severity scores
for resource-constrained settings.

Conclusion

The ICD revision process presents a good
opportunity to standardize the descrip-
tion of multiple injuries and injury severi-
ties regardless of resource availabilities.
We suggest that the revised ICD should
have a multiple coding framework for
individual pathologies, deactivating
multiple-injury codes, so as to consider
the significance of each injury or pathol-
ogy and their interactions. The ICD
should also incorporate consensus-based
severity scores in its clinical modifica-

tions, so that case-mix groupings can be
considered in resource-constrained set-
tings without requiring duplicate coding
or code-conversion software, while data-
derived severity indices can be employed
in less constrained settings. Matrix-based
methods should also be considered, as
they provide a simple basis for multiple
injury description and case-mix group-
ings using fewer categories, making them
suitable for countries where a shortlist of

ICD codes is needed. &
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Effects of high-profile collisions on drink-driving
penalties and alcohol-related crashes in Japan

Shinji Nakahara,' Masao Ichikawa?

ABSTRACT

Background Japanese road traffic law was amended in
2002 and 2007 to increase the penalties for drink-driving
in response to media coverage, publicity campaigns, and
debates following high-profile alcohol-related motor-
vehicle crashes in 1939 and 2006.

Objective To test the hypothesis that the proportion of
crashes involving drink-driving started to decline before
the law amendments, because of changes in social
norms and driver behaviour after the high-profile crashes.
Methods In order to assess the impact of the cases in
1998 and 2006, time-series analyses were used to
examine the trends in the proportion of crashes involving
drink-driving, and whether there were abrupt changes in
the level or slope at the expected time points, using
monthly police data for the period between January
1995 and December 2008.

Results In 1999, the proportion of alcohol-related fatal
crashes in which the driver had a blood alcohol
concentration (BAC) =0.5 mg/ml started to decline with
a slope change of —0.09 percentage points per month
{95% Cl —0.15 to —0.03) but no level change, whereas
there were no changes for drivers with a BAC <0.5. In
2006, the trends for drivers with a BAC =0.5 or <0.5
showed significant level declines of —3.1 (—5.0 to
—1.2) and —1.7 {—2.5 to —0.9) percentage points,
respectively, but no slope changes.

Conclusions Media coverage of high-profile crashes,
and subsequent publicity campaigns and debates might
have altered social norms and driver behaviour, reducing
the proportion of alcohol-related crashes before the
introduction of more severe penalties for drink-driving.

Drink-driving is one of the leading causes of motor
vehicle crashes worldwide. The magnitude of the
problem varies greatly among countries: the
proportion of road traffic deaths involving alcohol
consumption exceeds 50% in some, whereas others
have succeeded in reducing this to less than 10%.
Understanding the experiences of successful coun-
tries could benefit those that still have a growing
drink-driving problem.

Japan has considerably reduced the number of
alcohol-related crashes during the past decade: fatal
crashes involving drink-driving decreased from 1276
in the year 2000 to 292 in 2009, while fatal crashes
not involving drink-driving decreased from 6554 to
4056; injury crashes (including fatal ones) involving
drink-driving decreased from 26280 to 5725, while
injury crashes not involving drink-driving decreased
from 859414 to 691 016. Previous studies attributed
this successful reduction to amendments of the
road traffic law made in June 2002 and in
September 2007*~*: the former comprised a 5—6-
fold increase in fines for drink-driving, a lowering of

the punishable limit for blood alcohol concentra-
tion (BAC) from 0.5mg/ml to 0.3 mg/ml, and
increases of the licence suspension/revocation
periods; the latter involved an approximately
twofold increase of fines. A study using time-series
analyses revealed an abrupt decrease in the levels of
crash rates per vehicle-km-travelled in June 2002.*

The strict and rapid imposition of severe penal-
ties, and a lowering of the BAC limit, have been
shown to reduce alcohol-related crashes effectively,
if imposed with certainty and swiftness.”™”
However, law amendments alone cannot achieve
long-lasting success, because without changes in
social norms, people will not accept stricter stat-
utes or comply with them in the long run.!®"*?
Previous experience in Japan illustrates the short-
term effects of imposing tougher penalties in
isolation: changing the penalty for heavy drink-
driving from licence suspension to licence revoca-
tion in 1978 only reduced alcohol-related crashes
temporarily.'?

The toughening of penalties has often been
preceded by high-profile crashes that were vigor-
ously covered by the news media, raising a public
debate. *71® The two law amendments in Japan
were stimulated by preceding high-profile cases in
1999 and in 2006, in which young children were
killed, prompting calls for more severe penalties for
drink-driving. "~ Pre-legislative events, including
media coverage of the tragic details of the crashes
and grass-root activities, could have played an
agenda-setting role, attracting public attention and
facilitating changes in social norms and attitudes
towards drink-driving that led to changes in driver
behaviour,'® #

To date, few studies have investigated pre-legis-
lative changes in driver behaviour. Reports from the
United States indicated various declining trends in
crashes that were likely to involve drink-drivin
declined before law amendments were made.!! 12
However, these studies either defined the starting
point of the changes as the dates when publicity
campaigns were launched or grass-root organiza-
tions were founded, rather than considering the
occurrence of high-profile cases, or they arbitrarily
specified a time point one year before the law was
implemented.

We hypothesised that the news coverage of high-
profile cases might have initiated societal changes
even before law amendments imposed more severe
penalties and, specifically, that alcohol-related
crashes in Japan started to decline immediately
after the crashes in 1999 and 2006. The present
study tested this hypothesis using interrupted
time-series analyses, which examined the time
trends of alcohol-related crashes with respect to the
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high-profile crashes, with the aim of drawing lessons from the
Japanese experience that could help to achieve a sustained
decline in drink-driving worldwide.

BACKGROUND
There was sustained media coverage of high-profile cases in 1999
and 2000, and of subsequent developments (table 1).*® ° The
offenders in these cases received light sentences for negligence in
their criminal trials, after which the victims’ parents collected
signatures on a petition calling for more severe punishments for
such drivers. Consequently, in 2001, the Criminal Law was
amended to impose a maximum term of imprisonment of
20 years for dangerous driving resulting in death. In 2002, the
maximum fine for driving under the influence of alcohol (DUI)
was increased from 50000 yen to 300000 yen; this was further
increased to 500 000 yen in 2007. In November 2004, the penalty
for refusing to undergo breath testing was equalised to that for
DU]I, in response to an increase in refusal. In the 2006 crash, the
offender was a local government employee. Following the inci-
dent, the media condemned the government for its employer
liability and raised a debate about drink-driving.’” 1

The fine for DUI is the most relevant penalty in this context.
In theory, there is the potential for imprisonment or prosecution
for driving while intoxicated (DWI), which is defined as being
heavily drunk based on police officer observations, and carries
heavier penalties (the current maximum fine is 1000000 yen),
but in practice these measures are rarely applied.*® ?® To accel-
erate the judicial process and to assure consistency when
imposing fines, summary procedures are taken whenever the
offenders agree (with the exception of cases involving serious
injuries or deaths); offenders need not appear in court and the
sentences are determined based on documentation alone.

Driving with a positive BAC that is under the punishable limit
(currently 0.3 mg/ml) is illegal. Drivers with a BAC below the
limit are stopped from further driving if identified at check-
points. Crashes involving drivers with a detectable BAC below
the punishable limit are recorded as alcohol-related crashes.

METHODS

Design

We assessed the impact of high-profile crashes and law amend-
ments on the trends of alcohol-related fatal motor-vehicle
crashes and all road crashes involving injuries, for different BAC
levels using a quasi-experimental design and interrupted time-
series analyses, in which the high-profile crashes were expected
to be points of interruption or abrupt trend change.?* The unit
of analysis was vehicle crashes involving injuries, rather than
injuries or deaths. Motor vehicles included four-wheeled vehicles
and motorcycles. Fatal crashes were defined as those that
involved at least one death within 24 h of the collision.

Data

We obtained monthly police data on the number of vehicle
crashes involving injuries across the whole country during
the period between January 1995 and December 2008 from the
Institute for Traffic Accident Research and Data Analysis. The
data included information on the alcohol consumption of
the driver who was considered most responsible for each crash
(one driver per collision) based either on breath testing or, in its
absence (due to severe injuries, escape, or refusal by the driver),
a police investigation. The BAC level was categorised as follows:
‘20.5 mg/ml’, ‘0.5> BAC >0 mg/ml’, ‘untested but alcohol
consumption detected’, ‘no evidence of alcohol consumption’, or
‘no information’.

Table 1 High-profile crashes and consequences between 1999 and 2007

Date Events and interventions

28 Nov 1998 A high-profile crash in which two young children (aged 1 and 3 years) died in a post-crash vehicle fire caused by a heavily drunken truck driver on
a highway in Tokyo

9 Apr 2000 A high-profile crash in which two college students were killed in a collision caused by a drunken and unlicensed driver speeding in an unregistered and
uninsured car

24 Nov 2000 The parents of the victims of the crashes collected the signatures of 160 000 people on a petition calling for more severe punishment for dangerous
driving resulting in death, and submitted them to the Japanese Minister of Justice {(MoJ)

22 Oct 2001 Petitions signed by a sum total of 370 000 individuals were submitted to the MoJ

25 Dec 2001 An amendment of the criminal law increased the maximum penalty for driving resulting in death, from a 5-year term of imprisonment for negligence
resulting in death to a 15-year term of imprisonment, applicable only in cases of extremely dangerous driving, resulting in a maximum term of
20 years in combination with other offences (Criminal Law Article 208)

1 Jun 2002 Amendments of the Road Traffic Law: an increase of the maximum penalty for drink-driving from a 2-year term of imprisonment or a fine of
100000 yen for driving while intoxicated {DWI) and a 3-month term of imprisonment or a 50 000 yen fine for driving under the influence of
alcohol {DUI), to a 3-year term of imprisenment or a fine of 500 000 yen and a 1-year term of imprisonment or a fine of 300000 yen, respectively*;
a lowering of the blood alcohol concentration (BAC) limit for punishment from 0.5 mg/ml to 0.3 mg/ml (or from 0.25 mg/ to 0.15 mg/l by breath test);
an elongation of the period of licence suspension from 30 days to 90 days for first offenders for DUI (those with a previous conviction for any violation
may receive a longer period of suspension or revocation)t; and an elongation of the disqualification period before the reissue of a licence after its
revocation from 1 to 2 yearst

1 Nov 2004 An increase of the maximum penalty for refusal to underge a breath test from 50000 yen to 300 000 yen {ie, the same penalty as for DUI)

1 Jan 2005 An increase of the maximum penalty for dangerous driving resulting in death to a 20-year term of imprisonment {up to 30 years in
combination with other offences)

25 Aug 2006 A high-profile crash in which three young children (aged 1, 2, and 3 years) died when a vehicle fell from a bridge into water after a
collision that was caused by a drunken government employee

12 Jun 2007 An extension of the coverage of Criminal Law Article 208 to include motorcycles

19 Sep 2007 Amendments of the Road Traffic Law: an increase of the maximum penalty for drink-driving to a 5-year term of imprisonment or a fine

of 1000000 yen for DWI and a 3-year term of imprisonment or a fine of 500 000 yen for DUI; an extension of the same penalties to those who
provide the offender with a vehicle; and an extension of culpability to those serving alcoholic beverages and to other passengers in the motor
vehicle with maximum penalties of a 3-year term of imprisonment or a fine of 500 000 yen when the driver is charged with DWI and a 2-year
term of imprisonment or a fine of 300000 yen when the driver is charged with DUI

*Prison sentences are rarely given to offenders for DUl or DWI alone, and first offenders usually receive fines of 60—70% of the maximum amount allowed by the law.
1The decision as to whether a licence is suspended or revoked, and the length of the suspension and disqualification periods before the reissue of a licence, are determined based on the

number of accumulated penalty points.
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Variables and analyses

In the analysis, monthly data on the proportions of crashes
involving drink-driving by the most responsible driver was the
dependent variable. We used proportions instead of absolute
numbers or rates, in order to control for factors affecting the
crash occurrence; this meant that our models did not need to
include factors such as vehicle-km-travelled, petrol prices, or
unemployment rates. We considered per capita alcohol
consumption as an intermediate factor between changes in
social norms and drink-driving, which should not be included in
the models. In fact, monthly data on the potential confounding
factors, including alcohol consumption and police-enforcement
activities, were mostly unavailable.

The proportions were calculated for fatal crashes and all crashes
involving injuries, based on the BAC level (=0.5, <0.5, or
untested); the denominators of these proportions did not include
cases with no information on alcohol consumption, although
they were separately analysed to determine any changes in the
pattern of under-reporting due to a lack of information. A first-
order autoregressive model was fitted based on residual autocor-
relation judged graphically through an autocorrelation function
plot and a partial autocorrelation function plot. Linear trends,
dummy variables for events, interaction terms between events
and the time after the events, and sine and cosine functions for
seasonal patterns (the only significant terms for seasonality) were

included in the time-series regression model as follows?:

S 2 S .2kt
Pi= 0o+ Byt + Zl ByEi + AZ{ﬁs}E‘: (l “‘Ii) + kZl {B«esm(’ﬁ')
+ ﬂskcos(%)} + &

Here, P, denotes the monthly proportions (percentages) of
crashes involving drink-driving, ¢ denotes the time period
(ranging from =1 for January 1995 to =168 for December
2008), By denotes the intercept, § denotes the regression coeffi-
cients, Ej; denotes the pre-event and post-event periods of the
i-th event (E;;=0 for the pre-event period and E; =1 for the post-
event period), (1—1;) denotes the time after the i-th events, £ is
assigned a value between 1 (for annual seasonality) and 6 (for 2-
month seasonality), and ¢, is the error term. The abrupt changes
(discontinuity) in the levels of the series between the pre-event
and post-event periods were estimated using the term f5,E;. 1
indicated the slope of the baseline trend before the first event,
and the slope changes in trends between two periods were
estimated using fs.F;(t—1;) for interactions between the events
and the time periods. For example, the first event was the high-
profile crash in November 1999, and E,=0 until November 1999,
Eq,=1 from December 1999 and 11=59 (November 1999).

The model included the following events: the high-profile
crash in 1999, the strengthened penalties for drink-driving in
2002, the increased fine for refusing a breath test in 2004, the
high-profile crash in 2006, and the further strengthening of
penalties for drink-driving in 2007. The change in criminal law
in December 2001 was not included in the model because of the
relatively short time period between this and the law amend-
ment made in June 2002. The increase in the penalties for test
refusal made in November 2004 was included, in order to
determine its influence (table 1). SPSS V.17 was used for statis-
tical analyses.

RESULTS
Of the 9227 fatal crashes and 723 687 crashes involving injuries
in 1995, 15.5% and 3.1%, respectively, involved drink-driving.

Nakahara S, Ichikawa M. Injury Prevention {2010). doi:10.1136/ip.2010.027680

These numbers decreased to 4654 and 723520, respectively, in
2008, with 6.6% and 0.9% involving drink-driving. Drivers who
were untested but were revealed to have been drink-driving
accounted for 2.4% of fatal crashes and 0.2% of all crashes
involving injuries in 1995, and for 0.7% and 0.04%, respectively,
in 2008. Cases lacking information on driver alcohol consump-
tion accounted for 2.5% of the fatal crashes and 0.2% of all
crashes involving injuries in 1995, and for 1.2% and 0.1%,
respectively, in 2008.

Figure 1 shows the monthly proportions of fatal crashes and
injury crashes involving drink-driving by the level of BAC (=0.5
or <0.5). Table 2 shows the results of the time-series analyses for
the three groups based on the level of BAC (=0.5, <0.5, and
untested). For fatal crashes, there were no significant level
changes in the proportions of all of the groups after the crash in
1999; by contrast, the groups with BAC =0.5 and <0.5 showed
significant level changes in the proportions of —1.9 (95% CI —3.3
to —0.5) and ~0.9 (95% CI —1.4 to —0.3) percentage points,
unlike the untested group, after the law amendment in 2002.

All three groups showed significant level changes after the
crash in 2006: —3.1 (95% CI —5.0 to —1.2), —=1.7 (95% CI —2.5 to
=0.9), and —1.1 (95% CI —1.9 to —0.3) percentage points,
respectively. Only the group with BAC =0.5 showed a signifi-
cant level change of —2.0 (95% CI ~3.9 to —0.1) percentage
points after the law amendment in 2007. In 1999, those with
BAC =0.5 showed a significant slope change of —0.09 percentage
points per month (95% CI —0.15 to —0.03), and the untested
group showed a change of 0.03 (95% CI 0.01 to 0.05) percentage
points per month, whereas those with BAC <0.5 showed no
significant slope change. In 2002, those with BAC <0.5 and the
untested group showed significant slope changes of —0.04 (95%
ClI -0.07 to —0.004) and —0.06 (95% CI —0.09 to —0.02)
percentage points per month. Those with BAC <0.5 showed
a significant slope change of 0.06 (95% CI 0.01 to 0.10)
percentage points per month, after the increase of the fine for
test refusal in 2004.

In all crashes involving injuries, all three groups showed
significant level changes: 0.14 (95% CI 0.05 to 0.23), 0.20 (95%
CI 0.14 to 0.27), and 0.16 (95% CI 0.11 to 0.21) percentage
points, respectively, in 1999; those with BAC <0.5 and the
untested group showed significant level changes of —0.33 (95%
CI —0.40 to —0.25) and —0.08 (95% CI —0.13 to —0.02)
percentage points, respectively, in 2002, whereas those with
BAC =0.5 did not. All of the groups showed significant level
changes: —0.23 (95% CI —0.37 to —0.09), —0.15 (95% CI —0.26
to —0.05), and —0.07 (95% CI —0.14 to —0.01) percentage
points, respectively, in 2006. Those with BAC =0.5 showed
a significant slope change of —0.007 (95% CI —0.012 to —0.003)
percentage points per month in 1999. The untested group
showed a significant slope change of —0.004 (95% CI —0.008 to
—0.001) percentage points per month in 2002.

The proportion of those with no information on alcohol
consumption among the fatal crashes showed a significant slope
change of —0.058 (95% CI —0.10 to —0.01) percentage points per
month in 2002 (data not shown). Among all crashes involving
injuries, this group showed a significant level change of 0.03
(95% CI 0.002 to 0.06) percentage points in 1999, and a signifi-
cant slope change of —0.002 (—0.004 to —0.001) percentage
points per month in 2002.

DISCUSSION

The present study identified significant abrupt declines in
alcohol-related crashes after two high-profile crashes as well as
after law amendments; the onset of the changes coincided with
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