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Summary

Objective: To investigate whether the predictive ability of tinternational
Classification of Disease (ICD)-based Injury Setyeficore (ICISS) can be enhanced
through the use of integrated hospitalisation aondality data sources to calculate
ICISS scores and/or whether taking account of cbidiy improves the predictive
ability of the ICISS scores.

Design: Models using either the ICISS based solely on hakgischarge data or one
of nine modified ICD-based injury severity scoredfee predictor variable were
assessed on their ability to predict survival usaggstic regression modelling.
Setting: New Zealand

Patients or subjects: Hospitalisations with an ICD-10-AM principal diagsis in the
range S00-T89 with a date of injury within the y&2000 to 2003 and fatalities with
any S00-T89 ICD-10-AM diagnosis and a date of deathin the same period.

I nterventions. None

Main outcome measures. The models were assessed in terms of their disaaithon,
measured by the concordance score and calibratieasured using calibration curves
and the Hosmer-Lemeshow statistié.g@odness-of-fit statistics were also compared.
Results: 186 835 cases including 9 968 deaths were indlubiee ICISS which
included both mortality data and Charlson comodaidditions at the ICD-10-AM
level (ICISS9) had the best concordance. Althaighcalibration of ICISS9 was
very similar, the lowest H-L statistic was obtairfezin ICISS10 which included both
mortality data and Charlson comorbid conditionthatvariable level. The calibration
curves indicated that the scores that used hosp#etharge data only to calculate
SRRs underestimated mortality whereas the scoaesitied hospital discharge data
and mortality data overestimated mortality. “Haéadries” had the highest
concordance and “complications” the least.

Conclusions: Valid measurement of injury severity is importamt both the
meaningful monitoring of trends and to assist asslfying information to meet
specific injury policy prevention and control needshis study suggests that the
predictive ability of ICISS would be improved if thomortality data and comorbidity

were used in the calculation of the injury sevesitpre.
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INTRODUCTION

Valid measurement of injury severity is criticalgmoducing valid indicators, as well
as for the production of valid information from taealysis of injury data to inform
policy and injury prevention practice. Researchgasts that the indicators that most
New Zealand (NZ) Government departments are cuyrasing to monitor trends in
non-fatal injury are potentially misleading becaaéheir inability to remove

service-provision and access effects from the uyidertrend datd.

One of the key criteria that injury indicators slibsatisfy is that they include only
serious injuries.That is, events associated with significantly #&sed risk of
impairment, disability, functional limitation, oedth, decreased quality of life or

increased cost.

In 2003 the NZ Government signed off a New Zealamdry Prevention Strategy
(NZIPS) and indicated that it wished to have valilicators for measuring
performance in the priority areas. In a report cossioned by NZIPS, the Injury
Prevention Research Unit (IPRU) developed a s&taf and serious non-fatal injury
indicators. To minimise threats to validity for then-fatal injury indicators, a well
established method known as ICISS (ICD based ingemerity score) was used to
estimate injury severity. This method involves estimating probability of thea
directly from ICD injury diagnoses by examining arde set of cases for which
survival status is known. Although the majority ofsearch to date on the
development of ICISS has been based on data call@cttrauma centres, the same
techniques have been successfully applied to rétmopulation-level statistics using
injury hospitalisations databases.NZ maintains a large accurate administrative
database of injury hospitalisations (National Miomm Data Set (NMDS)) that
contains detailed information on the nature anducirstances of injury in the form of
International Classification of Diseas@€D) codes' The clinical modification of the
10" revision of ICD (ICD-10-AM) was introduced in NZoin 1 July 1999. ICISS has
been shown to be capable of providing reliable abillily of death estimates based
on ICD-10-AM diagnosis code€s.
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Determining which injuries are “serious” by the 83 method involves calculating a
Survival Risk Ratio (SRR) for each individual injustiagnosis code. An SRR is the
proportion of cases with a certain injury diagnagi® do not die or in other words a
given SRR represents the likelihood that a patiglhsurvive a particular injury.
Using the standard ICISS methodology, each pasd@tSS (survival probability) is
the product of the SRRS of all of that case’s désgs’ For cases that have an
isolated injury, their ICISS is just the SRR of fherticular injury diagnosis code they
have. For those with multiple injuries, all listd@dgnoses codes are considered
equally with no consideration given to whether gipalar injury diagnosis is the
primary diagnosis or, for example, thé™@his aspect of the ICISS methodology has
been queried and alternative approaches suggést2d03, Kilgo et al. compared the
standard multiple injury ICISS to a worst-injuryl&S that, rather than being the
product of the SRRs, was just the smallest SRR gstdhe diagnoses for an
individual. Results of this research indicated thatst injury discriminated survival

better, fitted better and explained more variahe® the multiple injury ICISS .

Another concern that has been raised is that rétla@restimating the probability of
death, previous research applying the ICISS metlggido injury hospitalisations
has estimated therobability of death in hospital given admissibh In some cases
individuals die from their injuries after being dimrged from hospital. If these
individuals could be included in the set of casegptobability of death given
admissiorwould be estimated. In addition to these deatbsrarse where the
individual is never admitted to hospital (e.g. tltkey at the scene of the injury). Thus
the ideal set of cases would include all injuryttearrespective of whether they were
admitted to hospital or not as this gives an edgroéprobability of death.As NZ

has routinely collected mortality data with ICD-A04 diagnosis codes since 1999
the application of ICISS methodology to an integdaihjury hospitalisation and

mortality dataset is possible.

The first aim of this research was to determinetiwrethe inclusion of injury deaths
that occurred outside of hospital (i.e. those Wate never admitted to hospital and
those that occurred after discharge from hosgitgbroved the predictive ability of
ICISS.
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As the severity of an injury is conceivably padigpendent on any non-injury
conditions the patient has, the second aim ofrdgearch was to determine whether
taking account of comorbidity could improve theqiotive ability of the ICISS.
Although a number of approaches exist for assessingrbidity in routinely-
collected data, there is no obvious gold standagominent measure in literature
concerned with the effects of comorbidity in heathicomes and burden of care is
the Charlson Comorbidity Index (CC).Of the thirty clinically important
comorbidities defined by Charlson et al., the prtipoal hazards model used
indicated that nineteen were independent predictbose-year mortality. The CCI
was first adapted to administrative databases $3 1@th the resulting algorithm
subsequently developed further to generate 17 g&dharlson comorbidity variables

for each patient record.

The Harborview Assessment for Risk of Mortality (RK) score presents an
alternative approach for including comorbidityrhe HARM score includes ICD-10
diagnoses codes for anatomic injury, mechanisrantntomorbidity as well as age.
The 11 comorbid conditions considered for the HARMdel were based on work by
Morris et al in 1990?

The age of an individual has the potential to inhjmacthe severity of their injuries.
Including age in the ICISS model has the potetiialgh to complicate the analysis
as age is correlated with comorbidity. As onehefaims of this study was to look at
the specific impact of comorbidity on the predietability of ICISS, the approach

taken did not include age.

Investigating whether the measurement of injuryesigy can be improved by
modifying the ICISS methodology is important aprigsents the potential to produce
more trustworthy injury statistics for the purposésneasuring the impact of policy

and practice in reducing injury in NZ and overseas.

The purpose of this study was to determine whetteepredictive ability of ICISS
can be improved first, by including deaths thaturced outside of hospital and
secondly, through the inclusion of either a CharlsoHARM comorbidity

component.
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METHODS

Data

The NMDS records all publicly funded inpatient traant of injuries in NZ

hospitals! During the period 1 January 2000 to 31 Decemb@82there were
318,394 hospital discharges in the NMDS with ag@pal diagnosis in the range S00-
T89 (Injury and Poisoning chapter excluding seqejelReadmissions for the same

injury were identified using an approach previowdgcribed elsewhefé.

In the Mortality Collection there were 111,278 faias registered between 1 January
2000 and 31 December 2003, of which 6,641 hadaat lene diagnosis in the range
S00-T89. Linkage between the NMDS and Mortalityl€cion was deterministic
using patients Master National Health Index (NHBor individuals that were not
hospitalised but died, diagnoses from the Mortadliptlection were used; NMDS

diagnoses were used for all other cases.

The dataset on which the analysis was based wasettfrom the union of the

following:

dl) Hospitalisations with an ICD-10-AM principal diagsis in the range S00-T89
discharged dead at any admission within 90 dayseaf injury date where their
date of injury was between 1 January 2000 and 3Jusi2003 excluding those
readmissions where the first admission did not fzawv&CD-10-AM principal
diagnosis in the range S00-T89

d2) First admission hospitalisations with an ICD-10-A¥incipal diagnosis in the
range S00-T89 that had an injury date between daigr2000 and 31 August
2003 that either stayed at least one night in halspi died within 90 days

d3) Fatalities located in the Mortality Collection withate of deathbetween 1
January 2000 and 31 August 2003 who had an ICD4¥0dragnosis in the
range S00-T89 in any field.

! Records for individuals in the NMDS and the MotalCollection may have both a Master NHI and
an Event NHI. This is because one person may imre than one NHI. One of the main tasks of the
NZHIS Data Quality team is to identify and link ceds such as these. In these situations both NHIs
remain valid and attached to the person's detatlhie earlier NHI is referred to as the Master NHI
and is the preferred one for future use. Instandese 2 people are using the exact same NHI are
extraordinarily rare and are resolved by the cosatif a new Master NHI.

2 Date of injury is not recorded in the NZHIS MoitylCollection.
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Figure 1. Selection of casesfrom National Minimum Data Set
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There were 1,969 cases that satisfied criteriandi1182,414 and 6,008 that satisfied
d2 and d3 respectively (Figures 1 and 2). Theibigion and intersection of these is
presented in Figure 3. Overall there were 186,885y cases identified in this way.

These were from 167,479 people.

Outcome

The outcome measured for each case was survivtdil/dea

As an international convention could not be locgeaept for Motor Vehicle Traffic
Crashes) on the maximum time lapse between datguoy and date of death to use
when classifying injury deaths, an enquiry was semternational colleagues via the
International Collaborative Effort (ICE) discussilist. This did not elicit a clear
response so an approach based on empirical evideaxdeveloped. This evidence
was that among injury hospitalisations that weseliarged dead, 95% of them died
in hospital within 90 days of admission for injukihen a 90 day cut-off was
proposed to international colleagues it was weatkated; it was thus adopted for this

study.

Cases were coded as ‘dead” if they satisfied ariefollowing criteria:

nl) Hospitalisations with an ICD-10-AM principal diagsie in the range S00-T89
discharged dead at any admission within 90 dayisedf injury date where their
date of injury was between 1 January 2000 and 3just003 excluding those
readmissions where the first admission did not lavéCD-10-AM principal
diagnosis in the range S00-T89

n2) Most recent first admission hospitalisations withl@D-10-AM principal
diagnosis in the range S00-T89 and an injury dateden 1 January 2000 and
31 August 2003 that could be located in the substite 2000-2003 Mortality
Collection where the date of death was within 9¢sdaf the injury date

n3) Fatalities located in the Mortality Collection witlate of deathbetween 1
January 2000 and 31 August 2003 who had an ICD4¥0dragnosis in the
range S00-T89 in any field.

% Date of injury is not recorded in the NZHIS MoitylCollection.

Official Statistics Research Series, Vol 2, 2007 11



Can the ICD-based injury severity score (ICISS) be improved?

There were 1,969 cases that satisfied criterianil5g210 and 6,008 that satisfied n2
and n3 respectively (Figures 1 and 2). The distidm and intersection of these is

presented in Figure 3. Overall 9,968 (5.3%) weassified as dead.

Fatalities registered from 1/1/2000-31/12/2003

111,278
Have any diagnosik No diagnosis in range
range S00-T89 S00-T89
6,641 104,637

\

Date of death before period

Date of death between

82
1/1/2090 %31/8/2003 Date of death after period
d3=n3=6,008 551

Figure 2. Selection of casesfrom the Mortality Collection

2
di d2 nl "
2899
908
d3 n3

Figure 3. Distribution of denominators (d) and numerators (n) that satisfy the
selection criteria
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Comor bidity
Two approaches to including comorbidity were coesed: the comorbidity
component of the HARM score and the comorbidityalades considered by the CCI.

The HARM score incorporated the comorbid condititisted in Table £° These
conditions were defined using ICD-9-CM diagnosesesoso forward and back-

mapping was used to determine the appropriate |G codes.

Table 1. Comorbid conditions as defined by Charlson and HARM

Charlson HARM

1 Myocardial Infarction 1 Ischaemic Heart Disease
2 Congestive Heart Failure 2 Hypertension
3 Peripheral Vascular Disease 3 Psychoses
4 Cerebrovascular Disease 4 Chronic Obstructive Pulmonary Disease
5 Dementia 5 Diabetes mellitus
6 Chronic Pulmonary Disease 6 Cirrhosis
7 Connective tissue disease 7 Congenital Coagulopathy
8 Peptic Ulcer Disease 8 Epilepsy
9 Mild Liver Disease 9 Obesity

10 Diabetes without complications 10 Alcohol or drug dependence

11 Diabetes with complications 11 Neurological degenerative disease

12 Paraplegia and Hemiplegia

13 Renal Disease

14 Cancer

15 Moderate or severe liver disease
16 Metastatic carcinoma

17 AIDS/HIV

The CCI, which reflects the cumulative increaskkelihood of one-year mortality
due to the severity of the effect of comorbiditieas calculated using a Stata module
‘charlson’ that maps ICD-9-CM Charlson comorbidiiggnoses codes to ICD-19.
Minor modifications were required to adapt the Stapdule for ICD-10-AM The

17 Charlson comorbid conditions are listed in TdblAlthough the data contained
multiple patient records for some individuals, comaity information was calculated

independently for each case.
Comorbidity SRRs were calculated both at the ICPAM code level (i.e. one SRR

calculated for each ICD-10-AM code within a givemorbidity) and at the variable

level (i.e. one SRR calculated for a given comatyjd
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Table 2. Distinctions between the 10 ICD-based Injury Severity Scores

ICISS Mortality Comorbidity
Collection Approach Level

ICISS1 (traditional)* No - -

ICISS2 No HARM ICD-10-AM code
ICISS3 No HARM Variable

ICISS4 No Charlson ICD-10-AM code
ICISS5 No Charlson Variable

ICISS6 Yes - -

ICISS7 Yes HARM ICD-10-AM code
ICISSS8 Yes HARM Variable

ICISS9 Yes Charlson ICD-10-AM code
ICISS10 Yes Charlson Variable

*The traditional ICISS is calculated from all diagnoses available in the
hospital discharge data only. Survival is obtained from discharge status.

Calculation of ICISS
Ten ICISS scores were calculated for each case.dBtinctions between these are
listed in Table 2.

SRRs for the ICISS scores that did not use data fr@ Mortality Collection were
calculated using a subset of the data that includedl1 and d2 only (Table 3). All
cases with a particular diagnosis code (e.g. SOtéyl anywhere on the hospital
discharge record or Mortality Collection, where lagable, were included in the
calculation of the SRR for that particular diagsosade. All ICISS scores were

calculated using the full dataset (Table 3).

Table 3. Data used to calculate the 10 SRRs and their corresponding ICD-based
Injury Severity Scores

Measure Numerator Denominator Deaths Total % dead
SRR1 - SRR5 nl di1, d2 1,969 182,673 1.08
SRR6 - SRR10 nl, n2, n3 di, d2, d3 9,968 186,835 5.34
ICISS1 - ICISS10 nl, n2, n3 di, d2, d3 9,968 186,835 5.34
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For the 13,349 linked cases, a comparison of teeage number of diagnoses per
person in the NMDS (mean = 6.2) to that from thetsldy Collection (mean=1.9)
indicated that the number of diagnoses recordeddifi@sent in these two
administrative databases. Due to concern abouiifisethis may introduce, Kilgo’s
‘worst injury’ methodology was appli€d The logic being that for cases where there
were multiple injuries but variable recording oéthumber of diagnoses, it is not
unreasonable to assume that as a minimum the im@rst would be recorded. Thus

the ICISS1 was calculated as follows:

ICISS = smallest(injurySRRinjurySRR,.....,iInjurySRR)

For the ICISS scores that included comorbidityfedént sets of SRRs were
calculated at the HARM and Charlson variable-lared at the ICD-10-AM code
level. Consistency between the two parts of théhotetvas obtained by having the
comorbid SRRs contribute to the ICISS scores davist

ICISS = smallest(injurySRRIinjurySRR,.....,injurySRR) *
smallest(comorbiditySRR comorbiditySRR,....., comorbiditySRR)

Statistical Analysis
The full dataset (186,835 cases including 9,968dgavas used to validate the 10

injury severity scores.

Logistic regression models using ICISS as the ptedivariable and survival as the
outcome variable were used to assess the perfoemudrtbe severity scores.
According to Harrell et &, there are two grounds on which the different seyeri

measures can be compared: discrimination and a#bior

Discrimination is the ability of the model to drsguish survivors from non-survivors.
This was measured by concordance on a scale fromt@ene with one indicating
perfect separation of the two groups. The concareléequal to the area under the
Receiver Operating Characteristic (ROC) curvBootstrapping was used to correct
the concordance values for bias caused by thefussingle data set for design and
testing®® *” Calibration curves (plots of observed againstestizd mortality with
cases grouped by estimated mortality) and the Hogemeshow (H-L) statistic
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indicate the accuracy of the model’'s estimatesabability of death with a perfectly
calibrated model giving a straight 45° line caltima curve and a H-L statistic of
zero®® The higher the H-L statistic the poorer the'fitThe statistical significance of
the H-L statistic has not been assessed, asnappropriate to do so with such a large

sample?’
From the logistic regression model€Malues were derived. The R a descriptive
goodness-of-fit measure between 0 and 1 that desctihe proportion of variance

explained by the modédijgher values are better.

Stata version 9.2 was used for all statistical ymisf"
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RESULTS

The bootstrap adjusted concordance values, H-Issitatand R statistics for all 10
ICISS models are listed in Table 4.

Table 4. Outcome Statistics from the Logistic Regression Models

ICISS Concordance 95% CI* H-L R?

ICISS1 0.777 (0.772 ,0.783) 2757 0.123
ICISS2 0.800 (0.795 , 0.806) 1352 0.163
ICISS3 0.794 (0.790 , 0.798) 1361 0.150
ICISS4 0.818 (0.813 , 0.823) 1673 0.184
ICISS5 0.816 (0.811 , 0.821) 1710 0.175
ICISS6 0.851 (0.848 , 0.855) 2222 0.227
ICISS7 0.874 (0.870 ,0.877) 1233 0.282
ICISS8 0.866 (0.863 , 0.870) 1256 0.262
ICISS9 0.891 (0.888 , 0.894) 926 0.328
ICISS10 0.885 (0.882 , 0.888) 910 0.301

*Bootstrap adjusted 95% confidence intervals (Cl)

ICISS9 which included both mortality data and Céanl comorbid conditions at the
ICD-10-AM level had the best concordance. Scoatsutated using the
hospitalisation and mortality data (ICISS6-ICISSabhad better concordance than
those calculated using only the hospitalisatioa @eZISS1-1CISS5). The score that
was calculated in the traditional way using hodigédions only (ICISS1) had the
worst concordance. The scores calculated using dodity data (ICISS2-ICISS5;
ICISS7-ICISS10) had higher concordance than tlenesponding score that didn’t
include comorbidity (ICISS1; ICISS6). The inclusiohcomorbidity using the
Charlson conditions (ICISS4-ICISS5, ICISS9-ICISSpft)duced scores with better
concordance than those that used HARM approadaictoding comorbidity (ICISS2-
ICISS3, ICISS7-ICISS8). The scores calculated usorgorbidity SRRs calculated at
the ICD-10-AM level (ICISS2, ICISS4, ICISS7, ICISStad higher concordance
than their respective scores calculated using SRRse comorbidity variable level
(ICISS3, ICISS5, ICISSS8, ICISS10).
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Calibration was assessed by the H-L statisticstla@dalibration curves presented in
Figure 4 (ICISS1-ICISS5) and Figure 5 (ICISS6-IC185 Previous work by
Stephenson produced calibration curves that presaiit observations.We believe
presenting all observations is potentially mislegdand irrelevant for the broad
purpose of this research — identifying a thresliotdlefining serious injuries.
Currently in work commissioned by NZIPS, injuriegman ICISS< 0.941 (about
15% of all non-fatal hospitalisations) are classifas seriou& Since the vast
majority of cases have ICISS scores close to 1 éstimated mortality), only cases
with estimated mortality of 30% or less are presén Figures 4 and 5. This
corresponds to presenting 90-99% of the data depgoa which of the 10 ICISS

measures is being referred to.

30 40
1

20

Observed mortality (%)

T
0 10 20 30
Estimated mortality (%)

—— |CISS1 ——— |CISS4
—— ICISS2 ——— [CISS5
—— ICISS3 Gold Standard

Figure4. Calibration curvesfor | CD-based Injury Severity Scores calculated
from Survival Risk Ratios based on hospital discharge data only
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The differences in performance between the scoeeditiicult to assess through the
calibration curves. ltis clearly evident thoughough the curves that the scores that
used hospital discharge data only to calculate SRRSS1-ICISS5) underestimated
mortality whereas the scores that used hospitahdige data and mortality data
(ICISS6-ICISS10) overestimated mortality. Caliboativas generally better at lower
levels of estimated mortality.

20 30 40
|

Observed mortality (%)

10

0 10 20 30
Estimated mortality (%)

—+— |CISS6 ICISS9
—— ICISS7 ——— ICISS10
—— |ICISS8 Gold Standard

Figureb5. Calibration curvesfor | CD-based Injury Severity Scores calculated
from Survival Risk Ratios based on hospital discharge and mortality data

ICISS10 which included both mortality data and @a@ar comorbid conditions at the
variable level had the lowest H-L statistic althbulge calibration of ICISS9 was very
similar. Scores calculated using the hospitalisasind mortality data and taking
account of comorbidity (ICISS7-ICISS10) had lowet Rtatistics than the other

Official Statistics Research Series, Vol 2, 2007 19



Can the ICD-based injury severity score (ICISS) be improved?

scores. The score that was calculated in the imaditway using hospitalisations only
(ICI1SS1) had the worst calibration. The scoresutated using comorbidity data
(ICISS2-ICISS5; ICISS7-ICISS10) had lower H-L sttitis than their corresponding
score that didn’t include comorbidity (ICISS1; IE&). For estimated mortality less
than 20%, the calibration curve for ICISS6 was ¢esbly closer to the Gold Standard
than for other scores using hospitalisation andatity data (ICISS7-ICISS10). The
inclusion of comorbidity using the Charlson conatis produced scores with better
calibration than those that used HARM approacmeétuding comorbidity for
ICISS7-ICISS10. For ICISS2-ICISS5, this was reverser all except ICISS9-
ICISS10, the scores calculated using comorbiditiRSBalculated at the ICD-10-AM
level (ICISS2, ICISS4, ICISS7) had lower H-L statis than their respective scores
calculated using SRRs at the comorbidity variablel (ICISS3, ICISS5, ICISSS).

The same order of performance observed for connoedaas seen for theR
statistics. ICISS9 which included both mortalityaland Charlson comorbid
conditions at the ICD-10-AM level explained 33%lo¢ variation in the model. This
was close to three-times higher than that obsefvetthe score with the lowes?R
statistic, ICISS1.

The results by diagnosis group are listed in Taébf#dead injuries” represented 13%
of the cases with “other mechanical trauma” reprtisg 61%. 13% were
“complications” and 12% “other injuries”.

“Head injuries” had the highest concordance andjglications” the least. The range
of concordance scores for “other mechanical trauama’ “other injuries” was similar.
Within each diagnostic group, ICISS9 had the bestordance. Most of the trends in

concordance by diagnostic groups followed thosented in Table 4.

Within the diagnostic groups, calibration, measurgdhe H-L statistic, did not
follow the same patterns as observed in Table A‘ltead injuries”, ICISS7 had best
calibration whereas for “other mechanical traum@1SS3 had the lowest H-L
statistic. For “complications”, the best calibhseore was ICISS9 and for “other

injuries” the score with the best calibration w&$3S8.
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Table 5. Outcome Statistics from the Logistic Regression Models by Diagnosis group

Diagnosis group ICISS Concordance 95% CI* H-L** R’
Head Injuries ICISS1 0.834 (0.824 , 0.843) 217 0.309
(S00-s09) ICISS2 0.852 (0.842 , 0.862) 257 0.316
ICISS3 0.850 (0.838 , 0.862) 238 0.313
ICISS4 0.852 (0.842 , 0.863) 273 0.318
ICISS5 0.853 (0.844 , 0.862) 280 0.318
ICISS6 0.886 (0.878 , 0.894) 139 0.410
ICISS7 0.907 (0.900 , 0.914) 103 0.428
ICISS8 0.904 (0.897 , 0.911) 115 0.421
ICISS9 0.909 (0.902 , 0.915) 126 0.439
ICISS10 0.907 (0.900 , 0.914) 121 0.433
Other mechanical trauma ICISS1 0.784 (0.776 , 0.791) 1170 0.098
(S10-s14) ICISS2 0.818 (0.811 , 0.824) 732 0.169
ICISS3 0.812 (0.803 , 0.820) 598 0.159
ICISS4 0.828 (0.820 , 0.836) 836 0.193
ICISS5 0.825 (0.818 , 0.832) 647 0.191
ICISS6 0.848 (0.842 , 0.854) 1711 0.159
ICISS7 0.880 (0.876 , 0.885) 701 0.249
ICISS8 0.873 (0.869 , 0.877) 796 0.221
ICISS9 0.893 (0.888 , 0.898) 678 0.284
ICISS10 0.887 (0.884 , 0.891) 726 0.261
Complications ICISS1 0.650 (0.632 , 0.668) 283 0.023
(T80-T88) ICISS2 0.678 (0.665 , 0.690) 200 0.067
ICISS3 0.671 (0.659 , 0.683) 398 0.049
ICISS4 0.753 (0.742 , 0.764) 179 0.116
ICISS5 0.751 (0.739 , 0.763) 271 0.091
ICISS6 0.719 (0.706 , 0.733) 108 0.065
ICISS7 0.736 (0.723 , 0.749) 74 0.104
ICISS8 0.725 (0.712 , 0.739) 112 0.082
ICISS9 0.820 (0.809 , 0.830) 46 0.229
ICISS10 0.790 (0.777 , 0.804) 70 0.143
Other injuries ICISS1 0.802 (0.790 , 0.814) 906 0.101
(T15-T79, T89) ICISS2 0.783 (0.774 ,0.793) 1038 0.090
ICISS3 0.753 (0.742 ,0.764) 736 0.084
ICISS4 0.801 (0.790 , 0.812) 2174 0.094
ICISS5 0.794 (0.783 , 0.805) 1025 0.096
ICISS6 0.888 (0.879 , 0.896) 226 0.347
ICISS7 0.888 (0.879 , 0.896) 142 0.350
ICISS8 0.878 (0.870 , 0.887) 116 0.339
ICISS9 0.897 (0.889 , 0.905) 127 0.367
ICISS10 0.895 (0.887 , 0.903) 121 0.362

*Bootstrap adjusted 95% confidence intervals (CI)
** H-L statistics should be compared within, and not between, diagnostic groups

Although within diagnostic groups, the order offpemance for the Rstatistics did
not always follow that of concordance, the bestgrering score in terms of

concordance had the highestdatistic and the score with the lowest concordanc
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had the lowest Rstatistic. For “head injuries”, ICISS9 explainetl4 of the variation
in the model. In comparison, ICISS9 explained 28386 and 37% for “other

”oow

mechanical trauma”, “complications” and “other ings” respectively.
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DISCUSSION

The first aim of this study was to investigate wisetmodifying the ICISS method to
include out-of-hospital deaths improves the vajidit ICISS. Comparing the
performance of ICISS1 and ICISS6 clearly indicdked the predictive ability of
ICISS can be enhanced through the use of integheigpitalisation and mortality

data sources to calculate ICISS scores.

Assessing whether the predictive ability of ICISfild be improved through the
inclusion of comorbidity was the second aim of #tisdy. Comparison of the
performance of the ICISS scores that include cordaybwith those that don’t
(ICISS2-ICISS5 cf ICISS1 and ICISS7-ICISS10 cf IS indicates a marked
improvement in the performance of ICISS when ngarindiagnoses are taken into

account.

Determining the appropriate dataset that would kenladsth the aims of this research
to be met and potential sources of error to betdidwas not an easy task and
involved a number of unforeseen consideration®edame apparent that the
recording and coding of the deaths that occur detsospital was very different to
that which occurs for deaths in hospital. Of conagas that for individuals who were
discharged dead from hospital, the average nunflgiagnoses per person on the
NMDS was considerably higher than that from the tslldy Collection. Some
additional key problems with the diagnosis inforimatfrom the Mortality Collection
were the lack of diagnosis ordering and the obsienvéhat the average number of
diagnoses per person depended on whether a postrmwas carried out. Because of
this, for cases where both data from the Mortalioflection and the NMDS was
available, only the latter was used. For injurytdsdhat were not hospitalised prior to
the death, the diagnosis information had to beiodtefrom the Mortality Collection.
The use of diagnosis information from different is@s depending on whether
hospitalisation had occurred prior to the deaththagotential to introduce error but

no alternative method was apparent.

A linkage of injury deaths that occurred in hodpiteinjury deaths in the Mortality
Collection highlighted some additional concernsings definition of a ‘hospitalised
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injury death’ as one in which a patient with a pipal ICD-10-AM diagnosis in the
range S00-T89 was discharged dead from a firstsgiam, only 48% of the
hospitalised injury deaths had an external caude as the ‘underlying cause’ of
death in the Mortality Collection. This raises dim@mss as typically injury fatalities are
defined as those with an external cause code lestéte underlying cause of death.
Similarly only 50% of the hospitalised injury deattad an S00-T89 diagnosis listed
on the electronic record in the Mortality CollectioFor this work injury fatalities had
to have at least one S00-T89 diagnosis so that $StRisese diagnoses could be
obtained. These findings are not unexpected assibleen previously reported that a
range of factors may lead to the exclusion of irtgadror predominant causes of the
process leading to the ded&ftiThus for cases with both NMDS and Mortality déke
NMDS diagnoses were used. For cases identifiedysioten the Mortality

Collection, it was assumed that the diagnoses ne wexorded correctly and fully.
This may not always be the case but in the abseine@roper review of case notes it
is impossible to know. Further work that explattes reliability of the diagnoses in

the Mortality Collection would be valuable.

With the 10 ICISS models, discrimination was betw8&8 and 0.89. These
estimates are in line with one of the two previsuglies that have assessed the
concordance of ICISS applied to ICD-10 in which teported concordance was
0.84%*In the other study by Stephenson et al., the tegaoncordance was 0.91 for
NZ hospitalisations using SRRs based on ICD-10-AM.contrast to this current
work, the study of Stephenson and colleagues ukdthgnoses rather than just the
‘worst injury’ to calculate ICISS and included aaga categorical variable in the
models. In this study, as in that by Stephensahcatieagues, “Complications” had
the lowest concordance of the diagnostic groups unclear why concordance

should be lower for this diagnostic group.

To validate the injury severity scores a datasatiticluded both hospital discharge
data and data from the Mortality Collection wasdis@s ICISS1-ICISS5 were
calculated using SRRs from hospital discharge daly it was expected that these
models would be poorly calibrated due to this aetly including 20% of the deaths
attributed to injury. The high H-L statistics f@I5S1 — ICISS5 and the
underestimation of mortality in the calibration wes are thus not surprising.
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It appears that the injury diagnostic codes useaterMortality Collection tend to be
less specific than those in the NMDS. For examplépspitalised injury death cases
with both NMDS and Mortality Collection diagnos&£)9.9 which represents
unspecified head injury was used more than twicgftas as the first diagnosis in the
Mortality Collection than in the NMDS. This phenono® may explain the
overestimation of mortality by models ICISS6 — IGI® that include deaths from the

Mortality Collection.

In this study the Hosmer-Lemeshow statistic wasl isesummarise calibration and to
compare the relative performance of the models authors accept the Hosmer-
Lemeshow statistic has limitations. Hosmer and Lsfmow, in describing the statistic,
suggested that it should be used where at leastfahe predictor variables is
continuous so that almost all observations haveique set of predictorS.The
consequences of not having a continuous predictouraclear. Although other
approaches could have been used, it was thoughstttistic was a reasonable choice

for this purposé>

Rather than using the standard ICISS methodolodyoataining the product of all
SRRs for every injury diagnosis listed for a cdbis work used the only the SRR
relating to the worst injury. This restricted traiation in ICISS scores and limited
the number of covariate patterns in the ten modets.ICISS1, the 186,835 cases
produced only 458 unique injury severity scorele ihclusion of comorbidity
increased the number of covariate patterns to leet\8808 and 9231. This lack of

variation may have limited the predictive abilitiitbe ICISS scores.

Using the Mortality data enabled the inclusion eétihs that occurred in individuals
who were never admitted to hospital and deathsot@itrred after discharge from
hospital. The number of deaths detected in thisfamoutweighed the number
located using the hospital discharge data alorieenz9% of the deaths in this study
were included solely because they satisfied oteriai that any death that occurred
within 90 days of an injury be attributed to thauny, it would be interesting to
determine whether the conclusions reached by thaysvould vary if a shorter time

lapse between date of injury and death was used.
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In this study only the smallest SRR from the conbdonditions was included in the
calculation of the injury severity score. This egaxh differs greatly from that of
HARM who included, in addition to other terms, seqp@ terms in a logistic
regression model for each of the 11 comorbidityditions used by West and
colleagues. The coefficients of this model whictoahcluded mechanism, intent and
age were used to obtain the HARM score. Additisaséarch into the predictive
ability of ICISS using an approach similar to tb&iWest and colleagues may indicate

further gains.

Rather than selecting the worst SRR from a sel@RRs calculated for the HARM
comorbid variables or from a set of 17 SRRs forGharlson comorbid variables,
allowing a separate SRR for each of the ICD-10-Ades considerably increased the
set of SRRs from which the worst was chosen. kdhtaset the 11 HARM comorbid
variables produced 331 SRRs corresponding to tbell@-AM codes. Over 500
SRRs at the ICD-10-AM level were obtained from 1i7eCharlson comorbid
variables. Not surprisingly, the larger the seBBRs from which the worst was
chosen, the better the ICISS performed.

The age of individuals was not included in thislgsia. Further work should look at
the importance of including age in ICISS, whetlner inclusion of comorbidity is
usefully better than the simpler item, age and twethere is justification for
including both age and comorbidity into ICISS. Quussible way of including age in
ICISS would be to calculate age SRRs either foividdal ages or for age groups and

multiply these by the worst comorbid SRR and thestvdiagnostic SRR.

Valid measurement of injury severity is importamt Iboth the meaningful monitoring
of trends and to assist in classifying informatiormeet specific injury policy
prevention and control needs. This study sugdkatghe predictive ability of the
standard ICISS method of determining injury seyesibuld be improved if both
mortality data and comorbidity were considered. etlfbr other researchers have the
data available to use these additional sourcesvlwether they consider that the gains

will outweigh the extra effort depends on theirivndual situation.
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