
an extra economic burden on carers? Is social function
maintained better because of hospital at home? Cur-
rently we are evaluating hospital at home care in these
terms.

We thank the managements of Peterborough District
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The hit and miss ofISS and TRISS

N Zoltie, F T de Dombal on behalf of the Yorkshire Trauma Audit Group

Abstract
Objective-To measure interobserver variation in

recording injury from case notes and its effect on
calculating injury severity scores (ISS) from identical
data and predicting probabilities ofsurvival by using
the combined trauma and injury severity score
(TRISS).
Design-Observer variation study using injury

severity scoring and subsequent calculation ofprob-
ability of survival based on combined trauma and
injury severity scores.
Subjects-16 patients with a range of injury

severity scores, and 15 observers.
Results-There was a wide variation in recorded

injury severity scores, the probability of two observ-
ers agreeing on the score being 028 (28%). The
probability ofany two observers agreeing over which
severity band the patient should be in was 05 (50%).
Observer variation was independent of the training
and type of observer. Survival probability (calcu-
latedby combined trauma and injury severity scoring
methodology from individual observers' scores)
varied by over 02 in six ofthe 16 patients and by over
0 5 in three.
Conclusions-There is wide observer variation in

injury severity scoring, which highlights a potential
fallibility in its use for trauma audit. The use of
combined trauma and injury severity scoring for
individual prediction of survival is potentially
inaccurate except at the extremes of probabilities.
The use of the 0.5 survival line on a combined
trauma and injury severity score "pre-chart" is
statistically and clinically inappropriate.

Introduction
As a consequence of the recommendation of the

Royal College of Surgeons Working Party,' increasing
numbers of centres are conducting trauma audit. From
time to time results are published for comparison and
scrutiny.23 The usual methodology used is the com-
bined trauma and injury severity scoring system
(TRISS),4 which consists of calculations based on the

injury severity score (ISS) and the revised trauma score
(RTS). We report an observer variation study to
establish the reliability and reproducibility of injury
severity scoring and to ascertain what effect any
variation might have on calculations of the probability
of survival by means of combined trauma and injury
severity scoring.

Patients and methods
Data from case notes of patients entered into the

United Kingdom major trauma outcome study5 from
one hospital were used. As a completely unselected
series might have resulted in a skewed distribution of
injury severity scores measures were taken to ensure a
wide spread of scores.

Patients began entering the United Kingdom major
trauma outcome study on 1 April 1990, and data from
the first 30 were screened. We selected the first four
patients with low injury severity scores (0-20), as
judged by the values actually entered into the United
Kingdom major trauma outcome study; the first
four patients with middle range scores (21-40); and the
first four patients with high scores (41-75). Four other
patients were selected at random so that observers
would not know the exact numbers in each "group."
Sixteen was the maximum number of cases that
observers were thought able to code without time or
fatigability problems. At that stage of selection neither
other details (type of injury, area of injury, number of
injuries) nor final outcome (death or survival) was
known.
The case notes of the 16 patients were collected in

their entirety and given to 15 observers for coding, no
observer having knowledge of any other person's
scores. Coding was carried out between January and
July 1991. The observers were five accident and
emergency consultants, six accident and emergency
senior registrars, one accident and emergency regis-
trar, and three trauma audit clerks. The observers were
informed that there would be a range of severity and
asked to identify every anatomical injury, code the
injury (using the six figure code of abbreviated injury
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score (AIS90)), and score the injury and body area. No
calculation of the injury severity score was made by the
observers. The results were collected from all observ-
ers, the individual injury severity score calculated for
each observer and each patient, and the results com-
pared. Data for calculating the revised trauma score
were also collected and the probability of survival
calculated for every patient from each observer by
means ofcombined trauma and injury severity scoring.

ANALYSIS OF DATA

Many statistical methods of measuring and assessing
observer variation have been described,67 and the
subject is a matter of debate. The appendix describes
some of the altematives. For this study six specific
practical questions were addressed:

(1) What is the probability of any one observer agreeing
with another about the score of any individual patient? All
individual scores were compared and the probabilities
calculated ofany two observers agreeing.

(2) What is the probability of any one observer placing
the patient in the same banded group as a second observer?
The standard audit classification suggested by the
United Kingdom major trauma outcome study groups
patients into seven bands based on injury severity
scores. The results of each injury, severity score
calculation for each patient were grouped into the
suggested bands and the probability of any two observ-
ers agreeing about banding calculated.

(3) Do observers agree over whether the patient has
suffered major trauma? The accepted definition of major
trauma is an injury severity score of 16 or over. The
probability of any two observers agreeing on whether
the patient had a score above or below 16 was
calculated.

(4) Is variability in the injury severity score dependent
on the type ofpatient or type of observer? Three groups of
observers were compared: those who had attended a
coding course but were not regularly coding; those who
were actively coding regularly; and those who had not
coded or attended a course but were aware of the
methodology.

(5) Does the revised trauma score follow the same
pattern? The procedures in (1) to (4) were repeated in
respect of the revised trauma score.

(6) Does variability in the injury severity score affect
calculations of probability of survival using the combined
trauma and injury severity score? Each patient had
probabilities of survival calculated on the basis of data
recorded by each observer, and the results were
compared. The probability of any two observers
agreeing was calculated for each patient.

Results
INJURY SEVERITY SCORES

Figure 1 shows the spread of the injury severity
scores calculated by each observer for each of the 16
patients. For various reasons four individual assess-
ments were not completed, so that the figure shows a
total of 236 scores for the 16 patients. There was
considerable variation in the individual assessments
and considerable difference in the spread of assess-
ments. For example, there was almost unanimous

Percentage agreement between different groups of observers with respect to actual injury severity scores,
banded injury severity scores, and injury severity scores of 16 or over

Actual injury Banded injury Injury severity
severity scores severity scores scores > 16

Attended course, and coding actively (n-2) 25 60 81
Activelycoding(n-4) 28 40 81
Attended course (n-4) 26 40 76
Not coding nor had attended course (n- 5) 24 51 81

Significance x20-69; p> 0 5 x2= 686; p > 0 05 X2=7 09; p>005

agreement on scores in cases 1 and 10 but considerable
variation between observers in cases 3, 7, 11, 14, and
16. In some cases the variation was extreme. In case 3,
for example, two observers recorded the injury severity
score as 10 and 17 whereas using identical data two
others recorded it as 75. Almost identical values
applied in case 11.

a1)
0

.r
a)
a)

80-
70-
60-
50-
40-
30-
20-
10-
n-

I I It
2 3 4 5 6 7 8 9 I0 11 12 13 14 15 16'

Case No
FIG 1 -Spread ofinjury severity scoresfor each patient

In addition to recording actual injury severity
scores, other studies have recommended "banding"
these into several strata. Thus as well as summarising
the raw data, figure 2 addresses each of the categorisa-
tions in tum. The top group shows the probability (for
all 16 individual patients) of any two observers agree-
ing about the actual score (the answer to question 1).

Actual
agreements

Agreements
in bands

Agreements
on scores > 16

*ro*l

0

00 0 0

a 4rlb 00 40

* * *

10 20 30 40 50 60 70 80 90 100
Percentage agreement

FIG 2-Percentage agreement between observers over injury severity
score

The overall probability (for this series) was 28%,
ranging from 90% in one patient to 10-20% in over half
the patients. The second grouping shows the prob-
ability of any two observers agreeing about the severity
band in which a patient should be placed (question 2),
which was 51% overall and ranged from 100% agree-
ment in one patient to 30-50% in 11 patients. The last
grouping shows the probability of observers agreeing
on whether the patient had major trauma (injury
severity score 16). Though in most patients there was
unanimous agreement, in six patients there was dis-
agreement and in three of the 16 patients there was
almost an even chance of assessment of the patient's
trauma as major or minor (question 3).

In order to assess the effects of experience and
education three different observer groups were com-
pared (table). There was virtually no difference in
agreement rates between accident and emergency
consultants, senior registrars, and trauma audit clerks
(question 4). Nor was there any significant difference
between observers who had or had not attended a
coding course. The agreement conceming the patients'
"banding" was 47% overall among observers who had
attended a coding course, 53% among those who had
taught themselves, and 51% among those who were not
actively coding nor had been on a course.

REVISED TRAUMA SCORES

Figure 3 shows the same analysis as in figure 1 but
refers to revised trauma scores (same patients, same
information source, same observers). In this case a
completely different picture emerged. There was
complete agreement among all observers with respect
to revised trauma scores in nine of the 16 patients and
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comparatively minor spread of calc
among the remainder (question 5).

EFFECT ON COMBINED TRAUMAAND INJUR

SCORE

The combined trauma and injury sev

survival probability is calculated by c
revised trauma score and the injury .

Figure 4 shows the spread of survival
this series. In 1 1 of the 16 patients, desp
calculations of the injury severity scor

trauma score, there was reasonable agi
the probability of survival. In the othei
however, considerable variation was rec4
different observers' calculated values
Moreover, much of the significant vari;
in the middle of the range-that is, betu
ties of survival of 0- 1 and 0 9; fig 4).
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trauma and injury severity score

Discussion
The value of any scoring system used

in clinical medicine relies heavily on the
reproducibility of the method. The re]

combined trauma and injury severity sc
survival has been well tested in North America, and the
United Kingdom major trauma outcome study aims at
testing the reliability of the North American database
for use in the United Kingdom. The reproducibility of
the method seems not to have been tested so widely
previously.

Observer variation is inherent in most aspects of
biomedicine,78 though it is not the variation that
matters but its extent and effect.910 The findings of this
study show the extent of the variation in injury severity
scoring. Even when patients were grouped into bands
of severity there remained a high probability of dis-
agreement (around 50%) between any two observers on
which band was appropriate, and this was unaffected
by whether the observer had attended a coding course,
was currently actively coding, or had done neither.
When an even broader classification into two groups
(above and below 16) was used there was still far from
perfect agreement between observers on whether six of
the 16 patients had or had not sustained major trauma.
The descriptive statistics used to demonstrate this

variation do not distinguish the effect of one or two
"bad" observers mixed with the majority of "good"
observers. However, removal of any two observers'

figures resulted in little reduction in variation, with no

closer agreement of the remaining group. This is
further exemplified by the division into groups of
observers (table), where the means of each group did
not differ either between groups or from the overall
mean. Though not specified in the results, there was

equal division of consultants, other doctors, and
administrative assistants between the groups, and

16' when these alternative groups were subanalysed there
was no difference in mean agreements between these
categories either. The variation in injury severity score

ent thus seemed to be a genuine finding not attributable to
specific characteristics ofthe observer.

ulated scores Injury severity scoring is claimed to facilitate com-
parison of data from two or more different centres
when it is used as a measure of severity case mix, which

Y SEVERITY is essential for valid comparisons. Our finding that
distinction in banding patients varied by up to 50%

verity score for leads us to suggest that severity case mix assessed by
-ombining the the injury severity score may be subject to too much
severity score. observer variation to be reliable. Clearly more detailed
probabilities in analysis is required to delineate the cause of observer
iite variation in variation. Preliminary analysis indicates that both
re and revised omission and commission variation and interpretation
reement about are concerned and that the part of the body affected
r five patients, is comparatively unimportant. However, further
orded between detailed analysis will be undertaken.
(question 6). Considerations regarding variability particularly
ation occurred apply when the injury severity score is used as a
veen probabili- component of the combined trauma and injury severity

scoring system for calculating the probability of sur-
vival.4 We have shown the effect on the combined score
of the variation in injury severity score. For those

patients with probabilities of survival of between 0 05
and 0 95 there is a very large potential source of
variation depending on the observer who collected the
data. Combined trauma and injury severity score "pre-
charts" have been suggested,4 plotting the revised
trauma score against the injury severity score with a
line drawn along the 0 5 survival plots. Patients below

1271i31T41T 16 this line are widely interpreted as survivors, and above
as non-survivors, the exceptions often being audited as
"unexpected survivals" and "unexpected deaths."

ated by combined Unfortunately, the widest variations or estimations in
our series occurred precisely in this area. If our data are
representative this use of a 0 5 survival line is probably
widely inaccurate and statistically unsound.

for assessment It has been suggested that recording centrally by a
reliability and single coder may overcome the variation in the injury
liability of the severity score. This may or may not be the case for a
-ore to predict single centre or location, but it might equally be a
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Clinical implications

* The injury severity score is commonly used
for audit of collected trauma cases
* Combined trauma and injury severity scoring
methodology uses the injury severity score to
calculate a probability of survival
* The injury severity score may be subject to
considerable observer variation
* The combined trauma and injury severity
score for probability of death also shows
observer variation, which is less at the extremes
of probabilities but potentially very large
between p= 0 05 and p= 0-95.
* Comparisons between groups, hospitals, and
countries must be treated with circumspection
and great care and attention paid to collection of
injury severity score data to reduce observer
variation
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source of major problems when comparisons are made
between regions or countries.
We support the use of scoring systems in general

terms and certainly do not wish to discourage the use of
the injury severity score (or subsequently modified
systems) for trauma audit. We suggest, however, that
before any revision of the abbreviated injury score and
the injury severity score observer variation should
carefully be studied and measures adopted to minimise
this problem for future users. Otherwise questions
must remain over the precision of internal hospital
audit, interhospital, and especially interregional or
international, comparisons.

In conclusion, our study discloses some major
problems with the methodology of the combined
trauma and injury severity scoring system, but this
does not undermine the need for national collection of
trauma data by the United Kingdom major trauma
outcome study. Rather, attention to the shortcomings
we have identified should allow us-by placing the
results in context-to utilise the results more appropri-
ately and obtain the maximum value for these import-
ant national and international comparison.

We thank the participating members and in particular Mr J
Sloan and DrW Hulse for clinical input and help.

Participants in the study were: N Zoltie, M Clancy,
J Hanson, and D Cartlidge (St James's Hospital, Leeds);
M Williams, I Barlow, and J P Sloan (Leeds General
Infirmary); A McGowan, A Gourdie, A Hawtin, and A K
Marsden (Pinderfields Hospital, Wakefield); M Gibson and
M Thirlway (York District Hospital); P Grout (Hull Royal
Infirmary); and W Hulse (Harrogate District Hospital).

Appendix: statistical methods
Measures of assessing observer variation are the subject of

much statistical debate. Fuller descriptions of many of the
alternatives are provided elsewhere.67 Most analyses in trials
with multiple observers treat the resultant data as multiple
two way comparisons, which was the method used for this
study. For 15 observers this would result in 105 paired
observations. If all the observers agreed, then the numbers of
actual agreements would equal the total possible agreements
-that is, the probability of agreement would be 1-0 (100%).
For any number less than this the probability of agreement
would equal the actual number of agreements divided by the
total possible agreements, expressed as a percentage.
The most widely used coefficient of agreement in compar-

able studies is the K statistic of Cohen." There are, however,
problems with the K statistic. Cohen himself, for example,
suggested several versions. As customarily used, K measures
the difference between observed agreement and the agree-
ment that would be expected by chance in the same setting. A
K value of 0 4 generally represents reasonable agreement and
0 7 good agreement.
Our study discloses the limitations of this form of analysis.

Firstly, the values recorded represented numerical assess-
ments on non-numerical information. Secondly, the
expected degree of agreement among the 15 observers varied
greatly with the type of observation, ranging from the two way
choice (major or minor trauma) to the actual score, for which
the expected agreement was virtually nil. (In this setting the
percentage of agreements was virtually equal to the K
statistic.) Finally, the K statistic failed to take account of the
clinical relevance of the data. Thus the data concerning

agreement on major or minor trauma were impressive
statistically but concealed an important factor-namely, that
for six patients there was disagreement in up to half of
comparisons on whether the patient had major or minor
trauma and therefore on whether he or she should have been
entered into a major trauma outcome study at all.
Brennan and Silman7 have argued that for complex studies

of observer variation more emphasis may have to be placed on
raw data. We therefore present these in table A.

TABLE A-Actual injury severity scores allocated to each patient by
each observer

Case No*
Observer
No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 9 14 29 17 34 17 38 13 29 4 29 25 4 16 25 45
2 9 13 29 17 22 14 45 10 29 4 25 34 9 25 8 50
3 9 13 29 4 27 22 38 10 29 4 16 9 50 18 54
4 9 20 10 16 27 12 45 29 4 75 34 50 4 75
5 9 13 38 25 22 27 38 9 29 4 29 26 9 34 19 51
6 13 22 29 20 22 19 29 13 34 4 25 18 9 50 9 34
7 9 14 42 26 34 14 20 10 20 4 25 27 26 50 26 54
8 9 19 17 10 17 12 30 1 20 4 17 34 1 26 10 50
9 9 13 75 25 27 17 33 9 20 4 29 41 9 25 13 41
10 9 13 38 17 41 18 33 9 20 4 25 26 9 25 5 50
11 13 13 26 13 17 12 29 13 29 4 75 41 9 50 18 42
12 9 27 75 16 22 22 34 10 29 9 29 19 9 50 10 50
13 9 13 27 16 22 17 54 13 29 4 75 35 4 50 14 50
14 9 8 20 16 17 22 34 10 29 4 16 18 9 16 10 50
15 9 13 22 16 27 17 54 10 29 4 25 34 50 9 75

*Graphs derived from table have been reordered, so that case numbers in
table do not refer to those in derived graphs.
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Correction

Short and long term prognosis of acute myocardial
infarction since introduction ofthrombolysis
An authors' error occurred in this paper by Robert Stevenson and
colleagues (7 August, pp 349-52). In the results section of the
abstract and the third paragraph of the subjects and methods
section it is unclear how many patients were followed up after
discharge from hospital. A total of 608 patients were studied, 89
died in hospital and 12 were lost to follow up after discharge. All
608 patients were followed up until hospital discharge or death in
hospital and 507 were followed up after discharge from hospital.
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