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Introduction

In India, burn injuries are the second largest group of injuries
following road traffic accidents.1 Most of these patients
require intensive care and will succumb to their injuries
despite appropriate and adequate care.2 Prognostication
forms an important aspect of care in these patients, for

which, burn-specific mortality prediction models are re-
quired. Along with prognostication, these models provide a
framework for auditing a burn unit’s performance, and,
comparing it with other burn units.

The commonly used, well-established mortality predic-
tion models have been formulated and validated in the
developed countries. India being a developing country differs
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Abstract Background Several burn-specific mortality prediction models have been formulated
and validated in the developed countries. There is a dearth of studies validating these
models in the Indian population. Our objective was to validate three such models in the
Indian burn patients.
Methods A prospective observational study was performed after ethical clearance on
consecutive eligible consenting burn patients. Patient demographics, vitals, and
results of hematological workup were collected. Using these. the Abbreviated Burn
Severity Index (ABSI), the revised Baux score (rBaux), and the Fatality by Longevity,
APACHE II score, Measured extent of burn, and Sex score (FLAMES) were calculated. The
discriminative ability of the ABSI, rBaux, and the FLAMES was tested using the receiver
operating characteristic (ROC) curve at 30 days and the area under the ROC curve
(AUROC) compared. A p-value � 0.05 was considered significant. Probability of death
was calculated using these models. Hosmer–Lemeshow goodness of fit test was run.
Results The ABSI (AUROC 0.7497, 95% CI 0.67796–0.82141), rBaux (AUROC 0.7456,
95% CI 0.67059–0.82068) and FLAMES (AUROC 0.7119, 95% CI 0.63209–0.79172), had
fair discriminative ability. The Hosmer–Lemeshow test reported that ABSI and rBaux
were a good fit for the Indian population, while FLAMES was not a good fit.
Conclusion The ABSI and rBaux had a fair discriminative ability and were a good fit for
the adult patients with 30 to 60% thermal and scald burn patients. FLAMES despite
having fair discriminative ability was not a good fit for the study population.
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from these nationswith respect to the incidence and severity
of burns as well as the availability of resources and infra-
structure.3 These disparities preclude the use of these mod-
els in our population without extensive validation.

Models developed in the native population perform best,
followed by models validated in the native population.
Keeping this in mind, the authors studied predictors of
burn mortality among adult Indian burn patients and for-
mulated the AT score.3 This score awaits external validation.
External validation of a model assesses if the predictions
made by these models are generalizable to the native popu-
lation. Therefore, we decided to validate three meticulously
developed models,4 the Abbreviated Burn Severity Index
(ABSI),5 the revised Baux score (rBaux),6 and the Fatality
by Longevity, APACHE II score, Measured extent of burn, and
Sex score (FLAMES)7 in the study population.

Methods

Study Design
This prospective observational study was started in Decem-
ber 2018 after clearance from the institute ethics committee
and patients recruited until April 2021.

Participants
Consecutive, eligible, consenting adult patients, presenting
to the burn casualty within 24 hours of sustaining 30 to 60%
scald and thermal burns, in the age group of 18 to 55 years
were enrolled. Other types of burns and burns associated
with trauma, pregnancy, and comorbidities were excluded.

Patient Enrolment and Data Collection
The patients were treated and assessed as per departmental
protocols. After obtaining consent, patient demographics,
vitals and results of the hematological workup were collect-
ed. Using these variables, the ABSI, rBaux, and FLAMESwere
calculated. The probability of death for the ABSI, rBaux, and
FLAMES was calculated using the formulae presented in the
papers by Tobiasen et al,5 Osler et al,6 and Gomez et al,7

respectively.
The patients were followed at 10, 20, and 30 days for

assessing mortality. Discharged patients were followed up
telephonically.

Statistical Analysis
Qualitative data have been presented as frequency and
percentage. Quantitative data have been presented as mean
� SD (normally distributed data) or median [IQR] (skewed
data).

Performance of the Models
The discriminative ability of the models was tested using the
receiver operating characteristic (ROC) curve for 30-day
mortality and the area under the ROC curve (AUROC) com-
pared for 30-day mortality. A p-value � 0.05 was considered
significant.

Probability of death was calculated using the models. A
case with a calculated probability of death � 0.5 was consid-

ered more likely to die and<0.5 more likely to survive.
Hosmer–Lemeshow goodness of fit test was run.

Statistical Packages
IBM Corp. Released 2015. IBM SPSS Statistics for Windows,
Version 23.0. Armonk, NY: IBM Corp.

StataCorp. 2019. Stata Statistical Software: Release 16.
College Station, TX: StataCorp LLC.

Observations and Results

One hundred sixty-three consecutive patients were enrolled
and followed up for 30 days. During the stipulated time
period, 2,610 new burn patients were admitted to the
department, of which 368 met the inclusion criteria for
the study. Out of these, 210 consenting patients were en-
rolled for the studyand follow-up could be completed for 163
patients. The data from these 163 patients were used for
analysis.

Patient Demographics
The median age of the study sample was 30 years (25, 40),
ranging from 18 to 55 years. Eighty-four were females and 79
males. ThemedianTBSAwas 40% (35, 50). One hundred fifty-
nine patients sustained thermal burns, while four patients
sustained scald burns. A diagnosis of inhalational injury was
made in 140 patients. The observed 30-day mortality was
38.65% (63/163). The characteristics of the survivor and the
non-survivor group have been summarized in ►Table 1.
Kolmogorov–Smirnov test was applied and it was found
that the data was not normally distributed.

Performance of the Models
The ABSI, rBaux and FLAMES were calculated for both the
groups and compared (►Table 2). These scores were signifi-
cantly higher in the non-survivor group.

On comparison of the ROC curves for the three models,
there was no statistically significant difference in the perfor-
mance of the three models (►Fig. 1, ►Table 2).

The results of the Hosmer–Lemeshow goodness of fit test
for the prediction models are as shown in ►Table 2.

Discussion

In this study, we attempted to validate three meticulously
developed burn-specific mortality prediction models in
adult burn patients at a tertiary care hospital in India. It
was found that ABSI, rBaux, and FLAMES were significantly
higher in the non-survivor group as compared to the survivor
group, implying a correlation such that mortality increases
as the scores increase and vice versa (►Table 2).

The discriminative ability of themodelswas studied using
the ROC curve and the AUCROC at 30 days (►Table 2,►Fig. 1).
Values of 0.5, between 0.5 and 0.7, 0.7 and 0.8, above 0.8
suggest chance relationship, poor, fair, and excellent discrim-
ination, respectively.

These models provide a fair estimate of mortality in adult
burn patients at 30 days. On comparison of the AUROC of the
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three models, no statistically significant difference was
found (►Table 2, ►Fig. 1).

The Hosmer–Lemeshow test gives a small C-statistic and a
large non-significant p-value for the ABSI and rBaux score,
indicating that they are a good fit for adult burn patients. The
C-statistic for the FLAMES score is large with a significant p-
value, indicating that it is a poor fit for the study population
(Table 2). As such, ABSI and rBaux can be used in the study
population in their current form, while FLAMES requires
modulation before use in the study population.

The ABSI has been extensively validated in the developed
world8–13 and two developing countries, Ghana14 and Iran.15

Brusselaers et al studied the performance of ABSI in the
Ghanaian population and reported excellent discrimina-
tion.14 It should be noted that the study sample was a mix
of children and adults with a median age of 10.5 [2.5,2.7],
median TBSA burned of 21 [11, 34], and only two patients
required intubation.14 In comparison to our study popula-
tion, it consisted of younger and less severely injured
patients. The adult mortality in this study was 15.4%.14

Data about burn depth were not available; therefore, AUROC
was calculated twice, once assuming partial thickness burns
(ABSI-1) and then full thickness burns (ABSI-2).14 The model
retained discrimination in both the conditions, but ABSI–2

was not a good fit for the population.14 The model signifi-
cantly overestimated mortality in the sample.14

The study by Salehi et al concluded an excellent discrimi-
native ability in the Iranian population.15 The population
characteristics matched the characteristics of our sample.
The mortality rate reported was 69.71%.15 The excellent
discrimination might be the result of high mortality and
the tendency of ABSI to overestimate mortality.9,11,14 Fur-
thermore, being a developing country, the facilities available
in the country have similarities towhat were available in the
United States of America in the 1980s and therefore this
might actually indicate a developmental gap.

The external validation studies performed in the devel-
oped countries, such as the United States of America,9,12

Switzerland,10 Ireland,11 Korea,13 and Japan8 have found
excellent discrimination. These studies consisted of patients
with less severe burns and a low incidence of inhalational
injury.

The rBaux score has been extensively validated in the
developed countries8–13,16,17 and the Caucasian population
and only two studies tested it in developing countries.14,15

Brussealers et al14 studied the model in the Ghanaian
population and Salehi et al15 studied the same in the Iranian
population. Both these studies had an AUROC of>0.8.

Table 1 Survivor and non-survivor group characteristics

Characteristics Survivors (n¼100) Non-survivors (n¼ 63) p-Value

Age (years)a 31.50 (25,37.75) 30 (26,42) 0.549c

Sex Male 49 30 0.874d

Female 51 33

Type of burns Thermal 98 61 0.641d

Scald 2 2

TBSA (%)a,b 35 (30,45) 45 (40,55) <0.001c

Inhalational Injury Present 82 58 0.105d

Absent 18 5

aMedian (IQR).
bTotal burn surface area.
cMann–Whitney U test.
dFisher’s exact test.

Table 2 Comparison of the models in survivor and non-survivor groups, comparison of AUROC for 30-day mortality and results of
the Hosmer–Lemeshow goodness of fit test

Survivors (n¼ 100)a,b Non-Survivors (n¼ 63)a,b AUROCc SE 95% CI C-statistic
(p-Value)d

ABSIe 7.45þ8.62 8.62þ 1.069 0.7497 0.0366 0.67796–0.82141 3.457 (0.326)

rBauxf 84.74 þ12.981 95.71þ11.441 0.7456 0.0383 0.67059–0.82068 5.520 (0.701)

FLAMESg �3.94þ 1.192 �2.816þ 1.624 0.7119 0.0407 0.63209–0.79172 16.615 (0.034)

aMean� SD.
bStudent’s t-test (p-value <0.001).
cArea under the receiver operating characteristic curve.
dHosmer–Lemeshow goodness of fit test.
eAbbreviated Burn Severity Index.
fRevised Baux score.
gFatality by Longevity, APACHE II score, Measured extent of burn, and Sex score.
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The FLAMES score has not been as extensively validated as
ABSI and rBaux. In the studies byMoore et al,18Halgas et al,12

and Kim et al,13 the AUROC is more than 0.9. The population
characteristics in these studies was similar to those of the
training population.

The reasonfor thedifferences inour resultswhencompared
with the training population5–7 and other validation
populations9–18 are explained by the differences in the popu-
lation characteristics and the healthcare infrastructure of our
setup. The patients in our studyweremore severely burnt and
had a high incidence of inhalational injury. Our institution is a
tertiary care referral center for burns in India, which is a
developing country. On first presentation of a burn victim to
the department, the patient is resuscitated and the extent of
burns is calculated objectively using a burn chart. The depth of
burn estimation and the diagnosis of inhalational injury are
madebasedonhistoryand clinical examination. Early excision
and grafting is done in less severely burnt and stable patients.
Delayed skin grafting is done for severely burnt and unstable
patients post stabilization. There are logistic problems like
limited intensive care beds and operation theater availability,
which has a bearing on the treatment.

Our study highlights the importance of validation studies
andwe recommendsubjectingexternallydevelopedmodels to
validation before use in native population. We also recom-
mend that more studies be performed to develop and validate
indigenous burn specific mortality prediction models, such as
the AT score.3 This score was developed by the authors while
studying variables, which affectmortality in adult Indian burn
patients. The AT score has been validated in the training
population but awaits external validation.

Despite being a prospective study, there are certain
limitations to this study. Due to the small number of cases,
we are unable to provide population-specific cut-offs for
thesemodels as at least 100 events of the outcome of interest
should occur in a sample to be able to justify the provision of
population-specific cut-offs. The strict inclusion criteria
limits extrapolation of the results to the pediatric and
geriatric populations. The development and validation pop-
ulations for ABSI had 80.8% and 93.1% of the patients with
less than 30% burns, respectively.5 The rBaux score training
population had a mean TBSA of 9.7%6 and the parent popu-
lation for FLAMES had ameanTBSA of 48.2%�21.5% for non-
survivors and 15.5%�13.9% for the survivors.7 To minimize
the differences between the study and training populations,
we studied patientswith only 30 to 60% TBSA, limiting its use
in the less and more severely burnt. We did not study the
effect of comorbid illnesses on burnmortality, separatewell-
controlled studies are required for the pursuance of this
subject.

Conclusion

In light of the findings of our study, we conclude that the
Abbreviated Burn Severity Index (ABSI) and the revised Baux
score (rBaux) are a good fit for adult burn patients with 30 to
60% thermal and scald burns and can be used as such with
fair predictive value. The Fatality by Longevity, APACHE II
score, Measured extent of burn, and Sex score (FLAMES), in
contrast, retains discriminative value but is not a good fit for
our patients and should be used after population-specific
modification of this model.

Fig. 1 Comparison of area under the ROC curve (AUROC) for Abbreviated Burn Severity Index (ABSI), revised Baux score (rBaux) and Fatality by
Longevity, APACHE II, Measured extent of burn and Sex score (FLAMES) for 30-day mortality.
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