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Mortality probability in victims of fire trauma: revised equation to
include inhalation injury

CHRISTOPHER J CLARK, WILLIAM H REID, WILLIAM H GILMOUR,
DONALD CAMPBELL

Abstract

There are no clear guidelines on the early diagnosis of injury due
to inhalation of smoke. A clinical scoring system in the form of a
previously prepared questionnaire may be used in the accident
and emergency department by staffwho are inexperienced in the
management of inhalation injury. By quantifying injury due to
smoke inhalation, its contribution to mortality in a large group of
fire victims was established and a revised mortality probability
equation derived using age, percentage surface area of the burn,
and extent of inhalation injury.
This mortality probability equation may be used to divide

patients into risk categories for early intensive care management
and aliows the comparison of mortality data between accident
and emergency units receiving varying numbers of patients with
injuries due to burns and smoke inhalation.

Introduction

The two most important advances in the management of patients
suffering from burns-namely, early intravenous fluid resuscitation
after the burn' and the introduction of effective topical chemo-
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therapy, particularly the sulphonamides in the 1960s2-led to a
revised analysis of mortality from burns by Bull in 1971.3 He
produced a probability chart based on probit analysis for age of
patient and percentage of the body surface area burnt, and this has
been used widely as a standard reference in assessing the mortality
figures from burns units. There has, however, been a gradual
increase in the number of casualties from fires in recent years, and
over half of the resulting deaths may be expected to occur as a direct
result of inhalation of smoke.4 I This is paralleled by an increasing
use of synthetic polymers in household construction, furnishings,
and decoration.6

In the regional burns unit at Glasgow Royal Infirmary mortality
from burns has increased beyond that expected from Bull's
mortality probability chart in parallel with an increase in the
pulmonary complications in patients with concomitant injury due to
smoke inhalation. We analysed the influence ofsmoke inhalation on
mortality probability, quantified prospectively by a clinical data
score plus estimation of carboxyhaemoglobin concentration, to see
whether Bull's mortality probability chart underestimates the
patients' risk of injury due to smoke inhalation in situations where
fire trauma with concomitant smoke inhalation is common. The
system of collecting clinical data was directed towards ease ofuse by
the casualty officer without requiring previous experience of
managing inhalation injury. The derived mortality probability
equation was also intended to give an immediate estimate of risk
using any simple calculator with a log function.

Subjects and methods

SUBJECTS

For a consecutive period of 18 months all casualties from house fires
requiring assessment and treatment at Glasgow Royal Infirmary for
suspected smoke inhalation, with or without surface bums, were included in
the study. The initial criterion for inclusion was either the complaint by the
patient or, when the patient was unable to give a coherent history, a report by
the attending firemen and ambulance crew that the patient was at risk from
possible smoke inhalation.
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COLLECTION OF CLINICAL DATA

The system of collecting clinical data, which has been reported pre-

viously, was based on the various clinical features accepted by authors such
as Stone et al, Divincenti et al,9 and Brown'" as being indicative of injury due
to smoke inhalation. In this study all of these clinical features were

tabulated. The previously printed questionnaire had a format that was easy

to use-that is, requiring answers to short questions on a yes/no basis-and
could be completed quickly as there was direct liaison with the fire services,
allowing communication with the leading fireman at the fire control
headquarters as soon after the fire as possible.

For each patient a clinical score was collated and used to indicate the
likelihood of smoke inhalation. A point was given for the presence of each
clinical factor considered to be suggestive of smoke inhalation to a total of
seven points as follows: (1) A history ofbeing trapped in a house or industrial
fire in an enclosed space. (2) Production of carbonaceous sputum. (3)
Perioral facial burns-that is, affecting nose, lips, mouth, or throat. (4)
Altered level of consciousness at any time after the incident and including
confusion. (5) Symptoms of respiratory distress, such as a sense of
suffocation, choking, breathlessness, and wheezing or discomfort affecting
the eyes or throat, indicating irritation of the mucous membranes. (6) Signs
of respiratory distress including stertorous, laboured breathing, and
tachypnoea or auscultatory abnormalities, such as crepitations or rhonchi.
(7) Hoarseness or loss of voice.
A score of greater than 2 was considered to fulfil the criteria for

unequivocal smoke inhalation, and the aggregate score obtained for each
patient was used as a probable indicator of the severity ofinjury due to smoke
inhalation.
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FIG 2-Summary of actual outcome in study group in relation to mortality
probability classification.

variables recorded in this study to predict the probability of death as the
outcome in the study group. The contribution of each individual variable to
death was calculated, and the final equation incorporated those variables
shown significantly and independently to relate to death.

Data analysis was performed on an ICL2988 mainframe computer, using
the BMDP statistical package, in the department of statistics, University of
Glasgow.

ESTIMATION OF BLOOD CARBOXYHAEMOGLOBIN CO

Carboxyhae.noglobin concentration (%) was measu

spectrophotometric method using an IL282 Co-oxime
the carboxyhaemoglobin concentration at exposure w:
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Arterial blood gas analysis and chest radiography
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STEPWISE LINEAR LOGISTIC REGRESSION ANALYSIS

We used stepwise linear logistic regression anal)
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Results
INCENTRATION

A total of 128 patients entered the study (97 men, 31 women). Ages ranged
Lred by an automated from 4 to 85 (mean 27) years. Ninety two patients had surface burns, of

ter. An estimation of whom 30 had no appreciable inhalation as judged by clinical assessment-

as then calculated by that is, a score of <2 and normal carboxyhaemoglobin concentration

(< 10%)-and the remaining 36 patients had smoke inhalation alone.
were also performed Figure 1 shows the high correlation between clinical score and carboxy-

haemoglobin concentration at exposure as indicators of the extent of injury
due to smoke inhalation. Three patients had a high score-that is, 6-7-but
low carboxyhaemoglobin concentrations. All had severe burns (>60%)
associated with oral burns and respiratory distress. This led to an in-
appropriately high score for the degree of smoke inhalation but highlights

rsis as described by the additional contribution of direct thermal trauma to inhalation injury to
nation containing the the upper airway and thus also to mortality. One other patient had a high

carboxyhaemoglobin concentration with a clinical score of only 3 owing to
inadequate collection of data because of severe alcohol intoxication. This
weakness of the clinical score highlights the potential role for carboxy-
haemoglobin concentration estimation when clinical data are lacking.

1 The table divides patients with surface burns into categories of mortality
probability as defined by Bull3 and compares these with the actual

1 proportion of deaths in each category, expressed as a percentage of the total
1 in each burn category. In each category there is an increase in actual
1 1 mortality over predicted mortality, and the overall number of deaths for the

group with burns is 27, compared with a predicted mortality of 18 7.
Stepwise linear logistic regression analysis used to compare fitted

1 equations for prediction of mortality using the variables age, percentage

1 burns, symptom score, carboxyhaemoglobin concentration, and estimated
1 carboxyhaemoglobin concentration at exposure showed that the best
3 equation for prediction of outcome comprised age, percentage burn, and
1 symptom score as follows: p=e-/(1+ez), where z=-7-9+078xsymptom
1 score+0O094xpercentage burns+0034xage and p=probability ofdeath on
1 1 a scale from 0 to 1. The equation was highly predictive when applied to the

study group. For instance, at an arbitrary probability of 0-66, 121 (94%) out
of the 128 patients were correctly classified: 102 (100%) who survived and 19
(74%) who died. Below a probability of 0 17 all patients survived (fig 2).

Fitted equations incorporating blood carboxyhaemoglobin concentrations
11 on admission and at exposure provided no further predictive effect. When

clinical score was excluded, however, representing a theoretical case in
6 8 which clinical information was lacking, the next best equation for prediction

ofmortality used age, percentage burns, and carboxyhaemoglobin concentra-
tion at exposure as follows: z=-9-7+0086xcarboxyhaemoglobin con-

concentration at centration at exposure+0 18xpercentage burns+0 061 xage.
Substitution of carboxyhaemoglobin concentration on admission for that

Patients with burns grouped according to Bull's probability ofdeath categories3 compared with proportion ofdeathsfound in the study

Mortality probability (%): 0 10 20 30 40 50 60 70 80 90 100
Proportion ofdeaths (%): 2/67 (3) 0/21 (0) 5/11(45) 5/7 (71) 0/1 (0) 1/2 (50) 1/2 (50) 1/1(100) 3/3 (100) 6/6 (100) 3/3 (100)
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at exposure-that is, corrected-reduced the predictive effect of the
equation, though carboxyhaemoglobin concentration on admission was
shown to have an additional independent relation with mortality once age
and percentage burns were taken into account. Arterial blood gas analysis
and abnormalities seen on chest radiography showed no additional relation
with mortality.

Discussion

Bull's mortality probability chart is an important prognostic
index for comparison of mortalities in burnt patients.3 It does not,
however, take injury due-to smoke inhalation into account.

This study confirms the apparent discrepancy between our actual
and predicted mortality figures based on Bull's chart, which will
probably reflect the'additional hazard' of injury due to smoke
inhalation. Stepwise linear logistic regression analysis has been used
to identify independent prediction of outcome in other clinical
contexts, such as analysis ofthe risk ofdeath after a portacaval shunt
operation,'2 and was highly accurate in predicting mortality in this
study. The new equation has the further benefit of allowing
mortality probability to be calculated for various victims of fire
trauma, including patients with burns alone, those with a combina-
tion of smoke and burn injuries, and those suffering from smoke
inhalation alone. The mortality probability chart could be used to
differentiate patients into general categories such as low, medium,
and high risk patients to plan management-for example, elective
transfer to intensive care facilities soon after admission. Patients
with calculated mortality probabilities of 0-0 33, 0-33-0-66, and
>0 66 would below, medium,-and high risk patients, respectively.
All high risk patients should -be transferred directly from the
accident and emergency department to the respiratory intensive
care unit for management.

This study shows that the extent of smoke inhalation may be
quantified by either clinical score orcarboxyhaemoglobin concentra-
tion at exposure. We emphasise that the accuracy of the clinical
score depends on the kind of careful collection of data used in this
study. From previous experience we conclude that medical staff at
all levels find considerable difficulty in managing inhalation injury

owing to uncertainties about relevant clinical findings, arterial
blood gas analysis, chest radiography, and the role of blood
carboxyhaemoglobin concentration measurement. This is exacer-
bated by the lack of formal undergraduate and postgraduate
teaching on the subject.'4 We therefore suggest incorporating the
clinical score plus carboxyhaemoglobin concentration at exposure
into the routine surveillance of fire victims attending the accident
and emergency unit for assessment.

Finally, the mortality probability equation may be derived with a
simple calculator' with a log function and should be applied
prospectively to data on' the patient from other units before
validation of their accuracy and discriminative role in identifying
the risk of death in victims of fire trauma.

We thank the Scotsh Home and Health Department and the Fire Servce
Research and Training Trust for their support with this project.
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SHORT REPORTS

Screening for scoliosis: the problem of
arm length
The forward bend test is an integral part of the assessment of scoliosis,
whether for screening purposes or in the established condition. The
introduction of the scoliometer, an inclinometer placed over the area of
maximal deformity, has provided a rapid method of quantifying the rib or
lumbar hump, and a recommended threshold for further follow up or
orthopaedic assessment has been suggested.' An increasedprevalence ofarm
length asymmetry exists in adolescent idiopathic scoliosis.2 The influence of
this recognised variable on forward bend assessment has been ignored in
many papers reporting results from scoliosis screening programmes. Some
reports recommend that the arms hang freely (position A),3 others that the
hands are placed together with fingertips apposed (position B),45 and in
many no accurate description ofthe position used is given. We examined the
effect of different arm positions on scoliometer readings in 113 school-
children.

Patients, methods, and results

One hundred and thirteen schoolchildren (41 girls and 72 boys) aged 13 or 14
were examined by two independent observers. Arm lengths (from acromion to tip
of middle finger) were measured to the nearest mm. Scoliometer readings of the
magnitude and direction of any asymmetry were taken at the level of the spinous
processes of the fourth and eighth thoracic vertebrae in positions A and B
(described above) and also with the fingertips of the left hand apposed to the
proximal finger crease of the right hand (position C) and vice versa (position D).

Both observers showed the right arm to be longer than the left in the group
overall and in girls. In boys, however, the right arm was longer when recorded by
one observer and the left when recorded by the other (see table). The maximum
difference observed in arm length was 24 mm.

Mean (SEM) scoliometer readings (in scoliometer degrees). Positive values indicate a
left sided rib hump, negative values a right sided rib hunp

Thoracic
Position vertebrae Girls Boys

A JT4 -0-27 (0-27) -0 42 (0 16)IT8 000(032) -0-06 (018)
B JT4 -0-28 (0-26) -0-45 (0-17)IT8 -0-17 (034) 002 (0 17)
C IT4 -5 60(0 28) -610(0 25)IT8 -3 06(0-31) -2-99(0 22)

D IT4 5-28(0 30) 5 40(0-23)IT8 2-88 (0 33) 3 08 (0 20)

There was a highly significant correlation in the scoliometer readings recorded
by the two observers in all:positions (p<0 0001), and thus mean scoliometer
readings were subsequently used. The table gives the mean scoliometer reading in
each position. A significant correlation (Pearson product-moment) between the
difference in arm length and the change in scoliometer reading between position
A and B was found only by one observer, at T8 (p<0 02). Positive correlations
were found, however, between these two variables for both observers for the
whole group and for the girls alone; all but one ofthe coefficients for the boys were
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