ABC of Major Trauma

SCORING SYSTEMS FOR TRAUMA

Cost-benefit analysis of trauma care

Input
Anatomical injury
Physiological derangement

Treatment
Variations in the system of care
Variations in patient care

Output

Survival: alive or dead?

Disability: temporary or permanent?
Neurological?
Musculoskeletal?
Visceral?

Input criteria

D W Yates

Previous articles in this series have emphasised the importance of an
aggressive, integrated, interdisciplinary approach to trauma care by an
experienced team that has immediate access to operating theatres and
intensive care facilities. Many of the recommendations can be expected to
incur appreciable additional costs. Will this money be well spent? Which
changes are most effective in improving patient care and are there any which
produce unexpected delays or complications?

To answer these questions about a system which has to respond to
patients with an almost infinite constellation of injuries is a major challenge
in clinical measurement and audit. Clearly, statistical analysis must replace
anecdote and dogma, but the complexity of the task should not be
underestimated.

The effects of injury may be defined in terms of input—an anatomical
component and the physiological response —and output—mortality and
morbidity. These must be coded numerically before we can comment with
confidence on treatment. Elderly people and young children survive trauma
less well than others, so age must be taken into account. The mechanism of
injury is also important: the effect of a blunt impact from a fall or a car crash
is quite different from that of a stab or gunshot wound. Most recent work
has been concerned with the measurement of injury severity and its relation
to mortality. The assessment of morbidity has been largely neglected, yet
there are two seriously impaired survivors for every person who dies owing
to trauma.

Examples of injuries scored by abbreviated injury

scale

Injury

Shoulder pain (no injury specified)
Wrist sprain

Closed undisplaced tibial fracture

Head injury —unconscious on admission but for less than one

hour thereafter, no neurological deficit
Major liver laceration, no loss of tissue
Incomplete transection of the thoracic aorta
Laceration of the brain stem

Anatomical scoring system

The abbreviated injury scale (AIS) was first
published in 1969. It scores from 1 (minor) to 6
(fatal) over 1200 injuries, which are listed in a

Score booklet that is now in its fourth edition. (Copies
o of the booklet AIS90 may be obtained from the
; mg‘(?;r)ate ) North Western Injury Research Centre—see

footnote.) The intervals between the scores are

3 (Serious) not always consistent— for example, the

4 (Severe) difference between AIS3 and AIS4 is not

5 (Critical) necessarily the same as the difference between
6 (Fatal) AIS1 and AIS2—but the higher the score the

Injury severity score

To obtain this:

(1) Use the AIS90 dictionary to score every
injury

(2) Identify the highest abbreviated injury

scale score in each of the following six areas:

head and neck, abdomen and pelvic
contents, bony pelvis and limbs, face, chest,
and body surface

(3) Add together the squares of the three
highest area scores
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worse the injury.

Patients with multiple injuries are scored by adding together the squares
of the three highest abbreviated injury scale scores in predetermined
regions of the body (see box). This is the injury severity score (ISS). The
maximum score is 75 (52+5%+5%). By convention a patient with an AIS6 in
one body region is given an injury severity score of 75. The injury severity
score is non-linear: there is pronounced variation in the frequency of
different scores—9 and 16 are common, 14 and 22 unusual, and 7 and 15
unattainable. The overall injury severity score of a group of patients should
be identified by the median value and the range, not the mean value.
Non-parametric statistics should be used for analyses.
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Case study

A man isinjured in a fall at work. He complains of pain
in his neck, jaw, and left wrist and has difficulty
breathing. There are abrasions around the left
shoulder, left side of the chest, and left knee.
Examination of the cervical spine (with radiography)
suggests no abnormality. There are fractures of the
body of the mandible, left wrist, and left ribs (5 to 9),
with a flail segment.

ISS=224 21 4%=24

Abbreviated |

Injury injury scale

Fracture of body of mandible

Fracture of lower end of radius (not further specified*)
Fracture of ribs 5-9 with flail segment

Abrasions (all sites)

Neck paint

O=BNN

*If fracture of radius was known to be displaced or open the AlS would be 3. If not
specified the lower score is used.
tSymptoms are not scored if there is no demonstrable anatomical injury.

Glasgow coma scale
Score
Eyes open:
Spontaneously
To speech
To pain
Never
Best motor response:
Obeys commands
Localises pain
Flexion withdrawal
Decerebrate flexion
Decerebrate extension
No response
Best verbal response:
Orientated
Confused
Inappropriate words
Incomprehensible sounds
[ Silent

“NWH

“NWH,OO

=NWHAO

Physiological scoring systems

The Glasgow coma scale (GCS) is the accepted international standard for
measuring neurological state. The score may be represented as a single
figure (for example, GCS=15) or as the response in each of the three
sections (for example, eyes, motor response, and verbal response=465).
Coma is defined as a Glasgow coma scale of <8.

Various modifications of the scale have been suggested for use in small
children. Some doctors reduce the maximum score to that which is
consistent with neurological maturation. A more useful clinical device,
which ensures more accurate communication and simplifies
epidemiological research is to retain the maximum score of 15 but to
redefine the descriptions.

Modification of Glasgow coma scale for children

Best verbal response:

Appropriate words or social smiles, fixes on and follows

objects
Cries but is consolable
Persistently irritable
Restless, agitated
Silent

Eye and motor responses are scored as in scale for adults

Score

=NWwWhO

The revised trauma score combines coded
measurements of respiratory rate, systolic blood

pressure, and Glasgow coma scale to provide a-
general assessment of physiological

Revised trauma score

Coded
value
Respiratory rate (breaths/min):

10-29 4
>29 3
6-9 2
1-5 1
0 0

Systolic blood pressure (mm Hg):

>89 4

76-89 3

50-75 2

1-49 1

.0 0
Glasgow coma scale:

13-15 4
9-12 3
6-8 2
4-5 1
3 0

Total=revised trauma score:

derangement. It was derived from statistical
analysis of a large North American database to
determine the most predictive independent
outcome variables. Selection of variables was also
influenced by their ease of measurement and
clinical opinion. The coded value is multiplied by
a weighting factor derived from regression
analysis of the database. This correction reflects
the relative value of the measurement in
determining survival.

xweight =score

0-2908

The injury severity score is often
underestimated when the patient first arrives at
hospital, and the revised trauma score changes as
resuscitation progresses. For the purposes of the
analyses described below the injury severity
score should be calculated only from operative
findings, appropriate investigations, or necropsy
reports. The revised trauma score is, by
convention, taken as the score recorded when the
patient first arrives in the accident and emergency
department.

0-7326

0-9368
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TRISS methodology

TRISS methodology

Probability of survival of individual patient
=1
(Ps) 1+e®

Where e=natural logarithm and b=b,+b,
(RTS)+b, (ISS)+bs (A) '
b,_3=Weighted coefficients based on major
trauma outcome study (United States) data.
These differ for blunt and penetrating injuries
RTS=revised trauma score
ISS=injury severity score
A=age (score 0 if <54, score 1 if =55)
Injury severity match (“M" statistic)
Comparesthe range of injury severity in the
sample population with that of the main
database (range 0-00-1-00). Z statistic is
invalid if M <0-88
Population outcome comparison
("Z" statistic)
Measures difference between actual and
predicted number of deaths or survivors
(range —1-96 to +1-96)

The degree of physiological derangement and the extent of the
anatomical injury are measures of the threat to life. Mortality will also be
affected by the age of the patient and by the method of wounding. A blunt
assault produces different injury characteristics and physiological
abnormalities than does a penetrating object.

The “TRISS methodology” combines the four elements—revised trauma
score, injury severity score, age of the patient, and whether the injury is
blunt or penetrating—to provide a measure of the probability of survival
(Ps). (The acronym is tortuously developed from TRauma score and Injury
Severity Score.) It is important to appreciate that Ps is merely a
mathematical calculation; it is not an absolute measure of mortality but only
of the probability of death. If a patient with a Ps of 80% dies the outcome is
unexpected in that four out of five patients with such a Ps could be expected
to survive. But the fifth would be expected to die—and this could be the
patient under study. The use of charts to identify patients whose Ps lies on

. the “wrong side” of a line that represents 50% mortality is widespread but

may lead to inappropriate conclusions being drawn about the care of
individual patients if this point is not recognised. Such charts are helpful in
identifying patients for discussion at audit meetings but should not be used
as the sole measure of performance.

Hospital review

Example

St Elsewhere District General Hospital
treated 311 patients in one year who fulfilled
the entry requirements for the major
trauma outcome study. The distribution of
probability of survival estimates in these
patients was compared with those in the
United States database of 80 000 patients to
provide the M statistic. In this case M=0-94,
signifying a patient population compatible
with the main database. In all, 273 of the 311
patients survived. This compares with a
prediction of 284 and gives a Z statistic of
—4-81. A figure below —1-96 indicates an
overall performance that is appreciably
worse than expected.

Major trauma outcome study

Case study

A 65 year old pedestrian is knocked down, sustaining head, abdominal, and
leg injuries. On arrival in the accident and emergency department he has a
Glasgow coma score of 9, respiratory rate of 35 beats/min, and systolic
blood pressure of 80 mm Hg. Computed tomography shows a small
subdural haematoma with swelling of the left parietal lobe. There is a major
laceration of the liver but no other intra-abdominal injury. Radiographs of
the lower limbs show displaced fractures through both upper tibias.

Revised trauma score:
Glasgow coma score=9; coded value 3xXweighting 0-9368=2-8104
Respiratory rate=35; coded value 3xweighting 0-2908=0-8724
Blood pressure=80; coded value 3xweighting 0-7326=2-1978

RTS=5-8806
Injury severity score
Abbreviated
injury score
Subdural haematoma (small) 4
[Parietal lobe swelling] [3]
Liver laceration (major) 4

Upper tibial fracture (displaced) 3
ISS=4%+4*+3?=41
Probability of survival

Coefficients from major trauma outcome study database for blunt injury:

bo=—1-2470
b= 0-9544
b,=—0-0768
bs=—1-9052
b=—1-2470+(0-9544)(5-8806) +(—0-0768)(41) +(—1-9052)(1)
Pe=—1 —=0-3343
1+e 10-6886)

Probability of survival=33%

The major trauma outcome study

—Measures overall severity of injury
—Records management and outcome
—Provides a database for audit in individual
patients

—Allows comparison of performance over
time and between hospitals
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First developed in North America, the method employed in the major
trauma outcome study is now also used in the United Kingdom and
Australia to audit the effectiveness of systems of trauma care and the
management of individual patients. The TRISS methodology is applied in
all patients with trauma who are admitted to hospital for more than three
days, managed in an intensive care area, referred for specialist care, or die in
hospital. Additional information is sought about pre-hospital care, the
seniority of doctors attending the patient on arrival at hospital, the initial
management, and the timing of consultations and operations.
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Form for recording patient’s details at the scene and at the first hospital and outcome.

Output variables

Measurement of the change in mortality that may occur in patients with a
given combination of anatomical injury and physiological derangement is
only one method of assessing the effects of modifications in the system of
care. The quality of life of the survivors may vary considerably, but there is
Scoring systems should be developed at present no adgquate system of measur'ing this. Thf; Glasgow outcome
to measure the quality of life after major score is a recognised method for measuring the severity of permanent
trauma neurological impairment, but there is no universally accepted system for
measuring disability resulting from injury to the musculoskeletal system.
Most research has concentrated on the elderly and chronically infirm and
has not addressed the issue of temporary disability that may be caused by
injury to the locomotor system and incapacitate a young person for many
months.

Future developments

There are wide variations in the provision of emergency medical services

Objectives of scoring systems throughout the world, and the optimal system for the United Kingdom is
Short term objectives still under debate. The major trauma outcome study provides an invaluable
e Better pre-hospital data method for comparing the patterns of care in different parts of the country.
e Consistent hospital scoring This can be achieved only if data are carefully collected in a consistent

¢ Improved necropsy reports format to allow collation and comparison of results. Deaths caused by

trauma are too varied, too complicated, and too important to be discussed in
isolation in individual hospitals, however sophisticated their software. The
wide perspective of the major trauma outcome study is increasingly

Long term objectives
More sensitive scales to include:

: aome"':; ?tii‘i/al measur e",‘e’:ts et recognised as the only valid approach to trauma audit and is being taken up
. Big::i:?m cal aenglyfeg Ogical assess by regional and national bodies for this purpose. Identification of

e Assessment of temporary and permanent deficiencies is va!uable,'however, or}ly ifa mechapism exists to correct
morbidity them. Local audit meetings and national comparisons must be used to

stimulate appropriate changes in the systems of trauma care.
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Definitions of impairment,
disability, and handicap

Impairment has an anatomical or
physiological basis and is usually a
consequence of musculoskeletal or cerebral
injury (for example, an amputated finger,
anosmia). It is easy to measure but variably
related to the patient’s activity

Disability is a functional consequence of an
impairment so that the patient cannot
perform activities of daily life. Its
measurement is relevant to the patient’s
needs but it is influenced by the
environment

Handicap refers to disability within the
patient’s social and professional
environment. It reflects a change in lifestyle,
but it is difficult to relate it to specific injury
and is very difficult to measure

The development of the TRISS methodology has been a major advance in
the measurement of injury severity. The detailed structure of the scales and
the method of developing a single number to represent threat to life are,
however, under constant review.

An alternative method of measuring anatomical injury has recently been
described by using the root sum squares of the abbreviated injury scale
scores of the head and trunk (anatomic profile). This has now been
incorporated into a system for the characterisation of trauma (ASCOT),
using different weightings for the revised trauma score and age.

These developments can be expected to lead to more accurate scoring
systems, but for the present the TRISS methodology has a worldwide
reputation for consistency and reasonable prediction of outcome.
Immediate improvement in its usefulness could be made if,, as is happening
in some areas, ambulance crews measured the revised trauma score at the
scene of the accident. This would allow a more scientific appraisal of the
value of pre-hospital care. The accuracy of anatomical information could
also be improved —particularly in necropsy reports: these are often
inadequate for coding purposes and spinal cord injuries are rarely described
in detail.

Measurement of outcome in terms of survival or death is, however, a
crude yardstick. Further progress is required in measuring disability after
non-cerebral injury. Most life threatening visceral injuries leave little
disability. In contrast, musculoskeletal problems cause prolonged periods
of disability and handicap. Some attempts have been made to measure
permanent musculoskeletal sequelae, but the many more patients who
sustain temporary incapacity are largely ignored in the statistics. Much
more effort will be required to develop outcome measures based on
disability; these are essential if the treatment of the multiply injured patient
is to be based on sound scientific principles.

The latest edition of the Abbreviated Injury Scale Booklet (A1S90) and information about the major
trauma outcome study (UK) is available from the North Western Injury Research Centre, University

Cook County Hospital,
Chicago, Illinois
George Dunea, FrCP,
attending physician
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of Manchester, Hope Hospital, Salford M6 8HD.

Professor D W Yates is professor of accident and emergency medicine, Hope Hospital,

Salford.

The ABC of Major Trauma has been edited by Mr David Skinner, FRcS; Mr Peter Driscoll,
FRCS; and Mr Richard Earlam, FRcs.

Letter from Chicago

Slippery slopes
George Dunea

A retired pathologist from Michigan has recently
invented a suicide machine. This he achieved by
connecting two bottles hanging from a rack and
installing a switch that sets off consecutive infusions
of thiopental and potassium chloride. To obtain
marketing approval, according to the law of the land,
he would have to prove safety and efficacy in placebo
controlled trials. So far no manufacturer has as
yet added monitors and air conditioners to sell an
improved model for $20000. Nor is production of a
device for multiple use under consideration. Leasing
arrangements would become feasible only if the clients
could be persuaded to return the machine after using
it.

The inventor calls himself a bioethicist and obitia-
trist, after his new specialty of the medical management
of death, but he has also been referred to as Doctor
Death. So far he has treated only one patient, quite
likely his last. A strong willed woman, said to have
lived life to its fullest but suffering from Alzheimer’s
disease for a year and no longer able to spell or play the

piano, she was reportedly well enough to win at tennis
and understand the consent forms. She travelled with
her family from Oregon to Michigan, where the doctor
inserted the intravenous needle and set up his device in
a van, no hospital being willing to grant him obitiatric
admitting privileges. The woman pressed the switch
and all went as planned. The judge, however, did not
concur and forbade him to use the machine again, in a
van or for that matter anywhere else. Some thought
that the doctor himself belonged in the van or at least
behind bars. There were conflicting legal precedents in
Michigan, one man having been sentenced to life
imprisonment in 1920 for placing poison within the
reach of his crippled wife; another having been
acquitted in 1983 after helping his drunk, depressed
friend to buy a gun.

The doctor said that he had not broken any law,
“though you never know what happens in a highly
emotional society.” Some people acclaimed him as a
hero who had brought the issue of suicide out of the
woodwork; others thought that he was a lunatic. “A
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