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The ICISS method for deriving severity of injury is available to all
and, until shown otherwise, it is the threat-to-life severity measure
of choice for the ICD-10 era

I
n those countries with national hos-
pital inpatient data systems, we want
to use these admissions/discharges/

separations (henceforth, referred to as
admissions) data for a variety of pur-
poses. At the population level, these
include for describing the epidemiology
of injury, developing injury indicators,
and injury surveillance. In this editorial,
I will concern myself solely with the use
of these data for descriptive epidemio-
logical purposes.

We know that health service use,
following injury, including admission
to hospital, is influenced by many
factors that are independent of the
severity of the injury, including bed
availability, access (for example, dis-
tance from home to hospital/rurality),
concern about intentionality (for exam-
ple child abuse), and professional varia-
tions in practice.1 So, in a descriptive
epidemiological analysis, using admis-
sion to hospital as the definition of a
case of injury is likely to give a biased
picture of the variations in injury
incidence by person, place, or time, as
well as by external cause.

Defining cases of injury according to
whether the injury exceeds a given
severity threshold, with the threshold
chosen to ensure nearly complete ascer-
tainment from the data source, is one way
to overcome these problems.2 This begs
the question: how should severity be
measured when using admissions data?

HOW SHOULD SEVERITY BE
MEASURED?
Severity can be measured on a number
of dimensions. Historically the focus in
the literature has been on measures of
severity in terms of damage to the body
that have been validated against mor-
tality outcomes. These are referred to as
threat-to-life severity measures. Little
attention has been given to another
equally important dimension, namely
threat-of-disability. This dimension is
also important, and threat-to-life mea-
sures are poor predictors of disability.

Nevertheless, I focus here on threat-to-life
scales, since they are used more com-
monly for the analysis of admissions data.

When dealing with national data, direct
coding of the severity of injury for each
admission, using any of the severity
scoring methods, would be very time
consuming, require highly skilled staff,
and would be very expensive. So much so
that it would be out of reach for (almost)
all countries. This problem has been
bypassed by using indirect methods of
deriving severity of injury from diagnosis
codes captured in admissions data. These
methods are described below.

SEVERITY IN THE ICD-9 ERA
The convention for many national
health administrative databases has
been for diagnosis of injury to be
classified using the WHO ICD-9, or its
modifications ICD-9-CM and ICD-9-
CM-A.3–5 Software was developed,
ICDMAP,6 7 to derive the Abbreviated
Injury Scale (AIS) severity score for the
majority of diagnoses within ICD-9-CM.
AIS, the Injury Severity Score (ISS) and
its variations (for example, NISS) are
the most widely used scales for measur-
ing severity when using these national
data sources.8 ISS/NISS have been vali-
dated and been shown to be reasonable
predictors of the probability of death.

It should be noted that ICDMAP is
not without its problems. For example,
for intracranial injury, the specificity of
ICD-9-CM(-A) is less than AIS and so,
particular ICD-9-CM(-A) diagnosis
codes each map to several AIS codes,
and hence to several severity scores. The
software permits the use of translation
rules to choose just one severity of
injury score for each injury. However,
this inevitably lead(s) to some misallo-
cation of severity scores, which is more
problematic for some diagnoses and
body regions than others. Despite this
problem, ICDMAP has been chosen by
many to assign severity of injury to large
administrative (for example, admis-
sions) data sets.

SEVERITY IN THE ICD-10 ERA
For those countries that have replaced
ICD-9 for coding admissions data with
ICD-10,9 or its modifications ICD-10-CM
and ICD-10-AM,10 the opportunity to
derive AIS scores using ICDMAP no
longer exists. (I believe that, at this
time, the original developers of ICDMAP
have no intention of developing an
equivalent mapping programme for
ICD-10.) All is not lost, however. In
1996, Osler and colleagues introduced
us to the ICD-9 based Injury Severity
Score (ICISS),11 which provides a direct
measure of threat-to-life.

When using data for which diagnosis is
coded to ICD-9-CM(-A), ICISS scores are
derived as follows. Using a training set of
data (for example, data relating to 1995/
96, say), Survival Risk Ratios (SRRs) are
derived for each of the injury diagnosis
codes—that is, diagnosis specific esti-
mated survival rates for each injury
diagnosis. These SRRs can then be applied
to any set of data of interest (for example,
data relating to 1995–99). For people with
single injuries, the ICISS score is identical
to the SRR for that injury. Where a person
experiences multiple injuries, the SRRs
for each of the injuries are multiplied
together to give an ICISS score, assuming
independent effects of each injury on the
likelihood of death.

ICISS is empirically derived, unlike
AIS. It has been shown to have good
properties relative to AIS/ISS.11–15 Since
the introduction of ICD-10 for coding
diagnosis of admissions, the ICISS
methods have been developed, and
severity scores derived, for ICD-10,
ICD-10-CM, and ICD-10-AM coded
data.16 17 So, methods are still available
for inferring severity of injury from
morbidity data in the ICD-10 era.

It should be noted, however, that the
ICISS approach stands or falls on the
accuracy and precision of the estimates of
the SRRs. In this issue Clarke and Ahmad
state: ‘‘A survival probability calculated
from an individual diagnosis code may …
give a false sense of accuracy if it is based
on a small number of cases…’’ [see page
XXX].18 So, even when large national
administrative data sets of admissions
are used as the training set from which
SRRs are derived, the precision of the
SRRs will be a problem for less frequently
occurring diagnoses. This weakens the
ICISS approach. Additionally, within the
New Zealand context, we have identified
a number of other difficulties with the
method, including: (a) the problems of
estimating SRRs using all deaths (not just
the minority that occur in hospital); and
(b) the method requires the attribution of
the cause of death to each injury (not only
to serious injury, but also to accompany-
ing minor and superficial injury) that a
person sustains, when they experience

See linked article on p 111
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multiple injuries and subsequently die.
Because of these problems, it is worth
looking at other approaches to solving this
problem—for example, the Barell matrix
approach, discussed below.

THE BARELL MATRIX AND INJURY
SEVERITY
The paper by Clark and Ahmad,18 in this
issue, relates to the ICD-9 era. They
derive severity scores based on (average)
AIS and SRRs for each cell of the Barell
matrix—a matrix used for summarising
injury diagnosis data. The Barell matrix
has two dimensions: types of injury
(n = 12), and body site (n = 35). Each
ICD-9-CM code has been allocated to a
single cell of the matrix in the work of
Barell and her colleagues.19

The ICDMAP, ICISS, and the Barell
matrix approaches all seek to allocate
severity to a diagnosis code or category.
The Barell matrix approach differs from
the other two in that the number of
diagnosis categories to which a severity
score is assigned is far fewer in num-
ber—the Barell matrix includes 420
cells, many of which are empty, far
fewer than the number of ICD-9-CM
codes. This permits more precise cell
based estimates of AIS (referred to as
bAIS in their paper) and SRR (bPScell in
their paper). On the other hand, the
diagnostic categories included in the
Barell matrix are far more heteroge-
neous than those of ICD-9-CM. For
example, cell A31 of the Barell matrix
is leg/ankle fracture. This fracture could
be of the tibia, fibula, or femur, it could
be simple or compound, open or
closed—each of these combination do
not have identical severity of injury.
Intuitively, the more homogeneous is
the diagnosis category, the more likely it
is that the severity score associated with
it will accurately reflect the severity of
all injured persons coded to that diag-
nosis. The example above suggests that
there is more chance of misclassification
of severity using the Barell matrix
approach than the other approaches.

The advantage of the Clark and
Ahmad approach is, however, that it
generates AIS scores and SRRs for a
relatively small number of diagnostic
categories—that is, for each non-redun-
dant cell of the Barell matrix. This
makes it easier to understand, and
easier to work with. If the above
theoretical concern turns out not to
compromise the validity of the mea-
sure—for example, when tested for its
concordance and calibration—then this
is the ‘‘acid test’’ of whether it is any
good. The results of the initial validation
look reasonably promising.18

Many countries have moved, or are
moving, to the use of ICD-10 for coding
diagnosis in their admissions data. A

further challenge in regard to the Barell
matrix based approach is to update this
work for ICD-10 coded data. As I have
described, the advent of the ICD-10 era
has made mapping of ICD into AIS
using ICDMAP unavailable. ICISS is an
available solution in the ICD-10 era.
Perhaps the Barell matrix approach to
inferring injury severity, once developed
for use with ICD-10 coded data, will
provide the option to use AIS based
measures as well.

THE FUTURE

N The ICISS method is available to all.
Until shown otherwise, it is the
threat-to-life severity measure of
choice for the ICD-10 era. There are
problems with this approach, some of
which have been alluded to above.
Another major shortcoming of this
measure is the lack of invariance of
the SRRs across country and over
time. For example, I can guarantee
that the SRRs derived in the USA, for
example, will be different from those
in Australia. Furthermore, work sug-
gests that case fatality rates have
be e n imp ro v i ng o v e r t ime . 2 0

Consequently, in general, SRRs cal-
culated using a training set of ICD-9-
CM coded data from 1990/91 will be
less than those from 2000/01. In
order to use ICISS to derive severity
of injury for people admitted to
hospital, we have to work around
these problems. Further research and
development will provide the oppor-
tunity to improve the ICISS methods.
Other approaches should also be
considered, however.

N The Barell matrix based severity
measure shows some promise. It
may make severity scoring more
accessible to a greater number of
people due to the simplified methods
used compared with ICISS. However,
work is necessary to update the
methods for the ICD-10 era, and once
updated to test the accuracy of the
severity measures generated using an
updated Barell matrix approach com-
pared with ICD-10-based ICISS. Only
if the Barell matrix approach per-
forms as well (or almost so) as the
ICISS approach can we be reassured
that that approach is acceptable. I
eagerly await this further work.

N Although there is a need to improve
our threat-to-life severity measures
for our inpatient data, there is a
greater need to develop our ability
to assign threat-of-disability severity
scores. This is of even greater priority
than refining our current imperfect
threat-to-life severity measures.

Injury Prevention 2006;12:67–68.
doi: 10.1136/ip.2006.011668

Correspondence to: Colin Cryer, Injury
Prevention Research Unit, Department of
Preventive and Social Medicine, University of
Otago, P O Box 913, Dunedin, New Zealand;
colin.cryer@ipru.otago.ac.nz

Accepted 31 January 2006

Competing interests: none.

REFERENCES
1 Lyons RA, Brophy S, Pockett R, et al. Purpose,

development and use of injury indicators.
Int J Injury Control and Safety Promotion
2005;12:207–11.

2 Cryer C. Injury outcome indicators—validation
matters. Int J Injury Control and Safety Promotion
2005;12:219–24.

3 World Health Organization. Manual of the
International Statistical Classification of Diseases,
Injuries and Causes of Death, 9th Revision.
Geneva: WHO, 1975.

4 United States National Center for Health
Statistics. The International Classification of
Diseases, ICD.9.CM Clinical Modification Volume
1. In: International Statistical Classification of
Diseases, 9th Revision, Clinical Modification,
Volume 1, Diseases Tabular List, second edn.
USA, 1979:1141.

5 National Coding Centre. Coding standards for
ICD-9-CM. Sydney: National Coding Centre,
Faculty of Health Sciences, 1996.

6 MacKenzie EJ, Steinwachs DM, Shankar B.
Classifying trauma severity based on hospital
discharge diagnoses: Validation of an ICD-9-CM
to AIS-85 Conversion Table. Medical Care
1989;27:412–22.

7 MacKenzie EJ, Sacco WJ. ICDMAP-90 Software:
User’s Guide. Baltimore, Maryland: Johns
Hopkins University and Tri-Analytics, 1997:1–25.

8 Stevenson M, Segui-Gomez M, Lescohier I, et al.
An overview of the injury severity score and the
new injury severity score. Inj Prev 2001;7:10–13.

9 World Health Organisation. International
statistical classification of diseases and related
health problems. 10th revision. Geneva: WHO,
1992.

10 National Centre for Classification in Health. ICD-
10-AM Tabular List of Diseases, Volume 1 of The
International Statistical Classification of Diseases
and Related Health Problems, 10th revision,
Australian Modification, National Centre for
Classification in Health, 2000.

11 Osler T, Rutledge R, Deis J, et al. ICISS: An
International Classification of Disease-9 Based
Injury Severity Score. J Trauma 1996;41:380–8.

12 Sacco WJ, MacKenzie EJ, Champion HR, et al.
Comparison of alternative methods for assessing
injury severity based on anatomic descriptors.
J Trauma 1999;47:441–6; discussion 446–7.

13 Meredith JW, Evans G, Kilgo PD, et al.
Comparison of the abilities of nine scoring
aligorithms in predicting mortality. J Trauma
2002;53:621–9.

14 Stephenson SCR, Langley JD, Civil I. Comparing
measures of injury severity for use with large
databases. J Trauma 2002;53:326–32.

15 Clark DE, Winchell RJ. Risk adjustment for injured
patients using administrative data. J Trauma
2004;57:130–40.

16 Kim Y, Jung KY, Kim CY, et al. Validation of the
International Classification of Diseases 10th
Edition—based Injury Severity Score (ICISS).
J Trauma 2000;4:280–5.

17 Stephenson S, Henley G, Harrison JE, et al.
Diagnosis based injury severity scaling:
investigation of a method using Australian and
New Zealand hospitalisations. Inj Prev
2004;10:379–83.

18 Clark DE, Ahmad S. Estimating injury severity
using the Barell matrix. Inj Prev 2006;12:111–16.

19 Barell V, Aharonson-Daniel L, Fingerhut L, et al.
An introduction to the Barell body region by
nature of injury diagnosis matrix. Inj Prev
2002;8:91–6.

20 Roberts I, Campbell F, Hollis S, et al. Reducing
accident death rates in children and young adults:
the contribution of hospital care. BMJ
1996;313:1239–41.

68 GUEST EDITORIAL

www.injuryprevention.com


