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A COMPARISON OF INJURY SCORING SYSTEMS IN PREDICTING
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SUMMARY. The models most widely used to predict burn patient mortality are the revised Baux score, Ryan, Smith, McGwin, Abbreviated
Burn Severity Index (ABSI), Belgian Outcome of Burn Injury (BOBI), and the Fatality by Longevity, APACHE Il score, Measured Extent
of burn, and Sex (FLAMES). Improvements in critical care have reduced mortality resulting from severe burns, which may affect the pre-
dictive strength of older models. We conducted a cross-validation study on all burn patients (n = 114) with TBSA greater than 20%, admitted
to the Arizona Burn Center between 2014 and 2016. The study compared the accuracy of seven previously validated burn-specific models
and one new model derived for our cohort. Data were collected on age, ethnicity, gender, total body surface area burned (TBSA), inhalational
injury, associated trauma, and injury severity (ISS, APACHE II). The accuracy of each model was tested using logistic regression, preserving
the published regression coefficients. Predictive performance of the models was assessed by Receiving Operator Curve (ROC) curve analy-
ses and Hosmer-Lemeshow (H-L) goodness of fit tests. Age, TBSA and APACHE 1I score were found to be significant, independent risk
factors for patient mortality. The FLAMES model performed best (AUC 0.96) and was comparable to our native model (AUC 0.96). The
revised Baux score was both accurate and easy to calculate, making it clinically useful. The older models demonstrated adequate predictive
performance compared with the newer models. Even without key burn parameters, the APACHE 1I score performed well in critically il
patients with moderate to severe burn injuries.
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RESUME. Les scores de mortalité les plus utilisés chez les brilés sont Baux révisé, Ryan, Smith, McGwin, ABSI (Abbreviated Burn Severity
Index), BOBI (Belgian Outcome of Burn Injury) et FLAMES (Fatality by Longevity APACHE 2, Measure of Extent and Sex). Les progres
en réanimation ont diminué la mortalité des patients brilés ce qui peut diminuer la précision de ces scores. Nous avons réalisé une étude
de validation croisée de ces scores sur une série de 114 patients brdlés sur plus de 20 % SCB hospitalisés dans le CTB de | “‘Arizona entre
2014 et 2016. Les 7 scores sus-cités ont éteé étudiés, ainsi qu’un nouveau score, déduit de notre cohorte. Les données recueillies comprenaient
I’age, I’ethnie, le sexe, la SCB, I’inhalation de fumées, les traumatismes associés et la gravité du traumatisme (APACHE 2 et ISS). La pré-
cision de chacun des scores a été étudiée par régression logistique en gardant les coefficients logistiques publiés. Leur performance pré-
dictive a été évaluée par I’analyse des courbes ROC et analyse de qualité d’ajustement de Hosmer-Lemeshow (HL). L’age, la surface
brilée et APACHE 2 sont des facteurs de gravité indépendants. Le meilleur score déja décrit est FLAMES (aire sous courbe ROC 0,96),
cette méme valeur étant obtenue avec notre score. Baux révisé est simple et précis, le rendant cliniquement utile. Les scores anciens restent
efficaces vis a vis des plus récents. APACHE 2, bien que ne prenant pas en compte de données spécifiques, reste efficace chez les patients
gravement brdlés.

Mots-clés: mortalité, prédiction, modele, gravité, traumatisme

Introduction

Mortality continues to be the single most important out-
come measure for both burn injury research and in clinical
practice. According to the American Burn Repository (ABR),
all-comers mortality regardless of burn size is 3.1%.! It is well
established that burn size is strongly associated with in-hospital
mortality.>® The same ABR data show that burns covering at
least 20% total body surface area (TBSA) are associated with
an overall mortality of 8.6%. A model that accurately predicts

burn mortality can be useful in determining clinical course, dis-
cussing treatment options with patients and families, and eval-
uating new or innovative interventions.

The first attempt to quantify the relationship between burn
size, age and mortality was developed as a thesis in 1961 by
Professor Serge Baux.? The patient’s age added to TBSA
equaled their probability of death.> The model was born from
atime when a 25 year-old patient with 50% TBSA burns would
more than likely die in the hospital. By 1981, the clinical sig-
nificance of inhalational trauma was well accepted.!®!! The Ab-
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breviated Burn Severity Index (ABSI) produced a relatively
easy scoring system to identify and triage high-risk patients.
This model used age, TBSA, inhalational injury, gender and the
presence of full thickness burns to generate a score and associ-
ated probability of survival.* The models proposed by Smith?
and Ryan® utilized age, TBSA and inhalational injury. McGwin
et al.” expanded these models to account for the presence of
pneumonia and trauma at the time of injury. More recently, the
Belgian Outcome of Burn Injury (BOBI) was the product of 6
national burn centers in Belgium from 1999-2004 using data
from 5246 patients.® The FLAMES study published in 2008 by
Gomez et al. proposed a hybrid scoring model utilizing both
burn specific risk factors and initial APACHE Il scores.>'? The
original Baux score was revised and updated in 2010 to include
inhalational injury.?

With few exceptions, well-designed, head-to-head compar-
ison of these models is lacking in the burn literature. Decades
of advancements in critical care to include the adoption of early
excision and grafting, goal-directed fluid resuscitation and top-
ical burn treatments have reduced mortality from severe burns.
In theory, these improvements in care should diminish the pre-
dictive strength of older models. We conducted a cross-valida-
tion study on all burn patients with TBSA greater than 20%
admitted to the Arizona Burn Center between 2014 and 2016.
The study compared the accuracy of seven previously validated
burn-specific models and one exploratory, institutional model
derived from our cohort.

Methods

We performed a retrospective chart review of all patients
admitted to the Arizona Burn Center from 2014 to 2016
with burn injuries greater than or equal to 20% TBSA. Pa-
tients were excluded if they were admitted more than 24
hours after time of injury, discharged to hospice, placed on

comfort care only, or refused surgery or use of blood prod-
ucts. All patients were treated with standard protocols for
fluid resuscitation, nutrition, excision and grafting, infec-
tion control and treatment, and physical or occupational
therapy. Data on patient demographics and injury severity
were collected. The following clinical data were abstracted
from the medical record: TBSA, percent full thickness
burns, percent partial thickness burns, inhalational injury,
need for mechanical ventilation within 24 hours, pneumo-
nia, co-existent trauma and APACHE II score. Inhalational
injury was defined by bronchoscopy findings, injury from
closed space fire, facial descriptions (soot, singed hair,
hoarseness) or need for mechanical ventilation. The primary
outcome of this study was in-hospital mortality.

Data were exported to a Microsoft Excel spreadsheet,
and then imported into SPSS for analysis (IBM Corp., Ar-
monk NY). Descriptive statistics, including means, standard
deviations, counts and percentages were calculated for de-
mographic and clinical characteristics. Patients who died
in-hospital were compared to patients who survived using
chi-square or Fisher’s Exact Tests and t-tests or Mann-
Whitney tests, as appropriate. A p-value of <0.05 was con-
sidered statistically significant.

Each published burn scoring equation was used to cal-
culate our patients’ probability of death (Table I). Predicted
mortality was compared to observed mortality in each
model. This resulted in a separate probability of death for
each scoring system. Receiver operating characteristic
(ROC) curves were computed to determine the overall ac-
curacy of each system in predicting mortality, as evidenced
by the area under the curve (AUC). Validation of the indi-
vidual models was determined by calibration and discrimi-
nation of events (deaths) from non-events. Calibration was
evaluated using the Hosmer-Lemeshow goodness of fit test
and discrimination was evaluated using the ROC curves. An
exploratory, forward stepwise logistic regression, based on

Table | - Summary of the mortality prediction models (TBSA = total body surface area burned)

Model Equation predicting mortality

Revised Baux score®

Probablllty Of death - e—8.8163+(0.0775*rBaux) / 1+ e—8.8163+(0.0775*rBaux)

Revised Baux Score = Age + TBSA + (17 * inhalational injury)

ABSI’ Probability of death = 1/1+e%
S = B0 + B1 x (summed score); Summed score = Age (0-20=1; 21-40=2; 41-60=3; 61-80=4; 81-100=5) +
%TBSA (0-10=1; 11-20=2; 21-30=3; 31-40=4; 41-50=5; 51-60=6; 61-70=7; 71-80=8; 81-90=9; 91-100=10)
+ inhalation injury (yes=1, no=0) + Full Thickness Burn (yes=1, no=0) + Sex (female=1, male=0)

Smith et al.® Probability of death = 1/1 + g9
-6.3303 + 0.0408 x age +0.0691 x %TBSA + 1.1691 x inhalation injury

Ryan et al.® Probability of death = 1/1 + g'°9it

Logit = -5.89+2.58n; n = number of risk factors (age>60, %TBSA >40, inhalational injury)

McGwin et al.*° Probability of death = 1/1 + e'9"

Logit=7.3406+(0.0556 x age)+(0.0654 x %TBSA)+ (1.334 x inhalation injury)+ (0.2052 x co-existent trauma)+

(0.5177 x pneumonia)

Belgium Outcome of Burn
Injury*

BOBI score = (Age; <50=0, 50-64=1, 65-79=2,380=3) + (% total burn; <20=0,20-39=1,40-59=2, 60—
79=3,380=4) + (inhalation injury; yes=3, no=0)

FLAMES*

Probability of death = eFLAMES)/(1 + g(FLAMES))

FLAMES = (- 8.285, intercept) + (0.045 x age) + (0.157 x APACHE 11 score) + (0.062
X % partial thickness) + (0.104 x % full thickness) + (- 1.214 x sex; where male = 1, female = 0)
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Table 11 - Patient demographics and injury severity, survivors versus non-survivors {TBSA = total body surface area burned, PTB = partial thickness

burned, FTB = full thickness burned)

Variable Survivors (n=83) Non-survivors (n=31) p-value
Men, n (%) 61 (75.3) 20 (24.7) 0.347
Women, n (%) 22 (66.7) 11 (33.3)
Age (yrs) (mean = SD) 329+ 20.6 54.4+19.8 <0.001
TBSA (%) (mean + SD) 325+13.1 57.1+243 <0.001
PTB (%) (mean = SD) 21.7+13.6 16.1+20.2 0.163
FTB (%) (mean = SD) 10.8+15.4 41.0+33.0 <0.001
Inhalation injury, n (%) 30 (36.6) 22 (71.0) 0.001
Pneumonia, n (%) 2(2.4) 2 (6.5) 0.298
Co-existent trauma, n (%) 7(8.4) 8 (25.8) 0.026
Need for mechanical ventilation, n (%) 44 (53.7) 27 (87.1) 0.001
APACHE Il score (mean + SD) 10.3+6.8 23.6+83 <0.001

Table 111 - Comparison of sensitivity, specificity, accuracy, Hosmer-Lemeshow goodness of fit (H-L), and area under the Receiver Operator Characteristic
curve (AUC)

Score Sensitivity Specificity Accuracy H-L (p) AUC+SE
BAUX Revised 74.2 92.7 87.6 4.78 (0.781) 0.93+0.02
ABSI * 61.3 92.8 84.2 6.53 (0.479) 0.90+0.03
Smith 64.5 91.5 84.1 4.73(0.786) 0.92+0.03
Ryan 9.7 98.8 74.6 6.57 (0.010) 0.83+0.04
McGwin 61.3 93.9 85.0 5.79 (0.671) 0.93+0.02
BOBI** 58.1 91.6 82.5 10.30 (0.067) 0.87+0.04
FLAMES 80.6 94.0 90.4 3.52(0.898) 0.96+0.02
APACHE [1*** 79.2 86.7 85.1 5.41(0.713) 0.89+0.03
Native (AzBC) 86.2 92.9 91.2 1.93 (0.983) 0.96+0.02

*Estimated intercept = -7.92
**Estimated intercept = -4.49
***Estimated intercept = -4.38

maximum partial likelihood estimates, was used to develop
a predictive model specifically for patients in our database.
Candidate variables for this “native” model included all
variables used in the seven final, published equations.

Results

Data were collected on 122 patients. Of those, 114 met
inclusion criteria. The average (= SD) age was 38.7 +22.4
years and patients who died were more likely to be older
(54.4+19.8 vs. 32.9 £ 20.6, p=.001). Most patients (82%)
were male and there was no difference in mortality by sex.
The average burn size was 39.2% = 20.1 TBSA and the
overall mortality in our cohort was 27.2%. As expected, pa-
tients who died presented with more severe injuries, as ev-
idenced by higher injury severity score (ISS), greater total

body surface area burned (57.1 + 24.3 vs. 32.5 + 13.1,
p<0.001), percent full thickness burn (41.0 + 33.0 vs. 10.8
+ 15.4, p<0.001), and higher APACHE II score (23.6 + 8.3
vs. 10.3 + 6.8, p<0.001) (Table 11). The equation that opti-
mized prediction of mortality for our Arizona Burn Center
model was: AzBC = (- 11.90, intercept) + (0.106 x age) +
(0.143 x APACHE II score) - (0.050 x % partial thickness).
No interactions were significant.

The predictive performance of each model is shown in
Table 11l. Intercepts for the ABSI and BOBI were not pub-
lished, so they were estimated to optimize fit to our data. The
intercept for the APACHE II score was derived from our data.
The FLAMES score performed best with an area under the
ROC (AUC) 0f 0.96+0.02 and an H-L goodness-of-fit y* of 3.5.
By order of decreasing performance, AUC (standard error)
were: revised Baux (0.93+0.02), Smith (0.92+0.03), McGwin
(0.93+0.02), ABSI (0.90+0.03), BOBI (0.87+0.04), and Ryan
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(0.83£0.04). The APACHE II score alone demonstrated ade-
quate discrimination and calibration with an AUC of 0.89+0.03
and H-L goodness-of-fit ¥ of 5.4. A comparison of the individ-
ual receiver operator characteristic curves is shown in Fig. 1.

Fig. 1 - Receiver operator curves (ROC) for the seven burn-specific mo-
dels with APACHE II and our native model
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Discussion

We applied seven of the most frequently cited scoring sys-
tems to an independent cohort and evaluated their accuracy in
predicting in-hospital mortality. Our principal findings were
that the FLAMES and revised Baux score demonstrated supe-
rior accuracy. The APACHE II score, normally reserved for
general intensive care, out-performed several of the burn-spe-
cific models.

A weakness of this study is that the data were collected ret-
rospectively from a small sample at a single institution. This
may, however, also be advantageous since management within
a single institution is largely controlled and not confounded by
protocol-based burn management.”* Our sample size is too
small to perform stand-alone external validation of each indi-
vidual model. We specifically chose models based on rigorous
methodology, prior external validation and frequency of ap-
pearance within the burn literature. It is not required that our
sample matches the derivation population since models that can
be broadly applied to various case-mixes are more clinically
useful. It is generally agreed that a minimum of 100 outcome
events is required to externally validate a prognostic model.'*
16 As such, our study should not be considered a validation of
the individual models, but a modern cross-comparison of their
performance at a prototypical burn center. The strength of this
study is the selection of both older and newer scoring systems
for comparison. The few studies that have performed similar
comparisons were limited to three or four models.

The exploratory AzBC model, not surprisingly, best pre-
dicted mortality in our sample because it was derived from the
Burn Center’s database. It “overfit” the data in the sense that
it was tailored to fit random noise in a specific sample rather
than reflecting data from the overall population of burn pa-
tients. The FLAMES score performed better in our cohort than
in the original external validation of the model (AUC 0.97 vs.
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0.93) despite the validation cohort having a mean TBSA of only
15.6% and overall mortality of 9.9%.° The ability of the model
to adapt to our higher-severity sample is likely due to the phys-
iological parameters captured by the APACHE II score. The ex-
cellent predictive performance of the revised Baux score is
comparable to results elsewhere.!”?® The score developed by
Ryan et al. was highly specific but neither sensitive nor accurate
in predicting mortality. Lower sensitivity means higher false
negative rate, in this case underestimating the number of pre-
dicted deaths. Other studies have produced similar find-
ings.!*22 A reason for this could be that the overall mortality
of the original study cohort was only 4% with an emphasis on
low-risk burn injuries.?* Our sample is more characteristic of a
regional burn center receiving high-risk injuries from multiple
states. Despite being in use for over 30 years, the ABSI model
still accurately predicts mortality in modern day cohorts. Re-
cent attempts to further optimize the model were unsuccess-
ful.2* Our AUC of 0.90 compares well to prior studies (AUC
0.89 in Pantet et al.,'” 0.89 in Woods et al.,’® 0.86 in Brusselaers
et al.?!). The McGwin model” analyzed 54,000 patients from
the National Trauma Data Bank and the National Burn Repos-
itory and is one of the few multi-centric models. The model
includes other risk factors such as concomitant trauma and the
presence of pneumonia on admission. It was validated in a sam-
ple of 14,442 patients and performed adequately with an AUC
of 0.87 with an H-L statistic of 10.!* Our study is the first inde-
pendent evaluation of the model and showed excellent discrim-
ination and calibration (AUC= 0.93, H-L= 5.7). However, its
clinical relevance is questionable since pneumonia is rarely di-
agnosed at the time of admission. The Belgian Outcome in
Burn Injury (BOBI) score was designed to improve the param-
eters originally presented by Ryan et al. Our study demon-
strated an AUC of only 0.87, but is comparable to Woods et
al.’? (AUC 0.87) and Brusselaers et al.>! (AUC 0.86). It was
previously validated in a large sample (n=2326) of Hungarian
burn patients with an AUC of 0.94. However, the mean TBSA
of the cohort was 10.7% with an overall mortality of 1.4%.%

These numbers are more in line with the original derivation
cohort (11% TBSA and 4.3% mortality) that also produced an
AUC of 0.94. One possibility is that the model suffers from
the same bias as Ryan since only 270 of the 5247 patients (5%)
were BOBI score 5 or above (out of a total score of 10).* The
model may not be as accurately reproduced in a higher severity
cohort. Lastly, the Smith model’s performance in our cohort
compares well with other studies.’

The APACHE 11 score alone demonstrated better discrimi-
nation than both Ryan and BOBI with an AUC of 0.89. The
FLAMES study reported an AUC of 0.91 using the APACHE
score alone.’ The score had previously been shown to be an in-
dependent predictor of mortality in a burn population®® since it
relies on routine physiologic and laboratory values that are
often abnormal in large surface area burns.

Depending on the complexity of the model, scoring systems
are useful in either clinical or research applications. The eas-
ier-to-calculate models are more useful for bedside risk assess-
ment and initial triage. A common disclaimer is that these
scoring systems are in no way intended to replace sound clini-
cal judgment or even to guide withdrawal of care. The logistic
regression models are useful to evaluate burn center perform-
ance over time and monitor progress and improvement before
and after the adoption of innovative and new therapies. The
more sophisticated electronic medical records (EMRs) can
often populate these models with very little additional input re-



quired. Even though FLAMES performed well in our cohort,
it is not very practical since it differentiates between partial and
full thickness burns. This determination can be difficult for
even experienced burn surgeons.?” At best, it is an imprecise
science. It is also possible that the APACHE II score would
not perform as well in low-severity burn injuries. After suffer-
ing small, less severe burns, patients are often hemodynami-
cally stable with laboratory values within normal limits. Values
like PaO2 or A-a gradient would not be routinely obtained in
these patients. Whether the APACHE 11 score would still per-
form well in lower severity burn patients is unknown.

There is not a single best model for predicting mortality in
burn patients. The fact that existing models are differently
weighted versions of nearly the same variables speaks more to
the heterogeneity of burn patients. The real test is when a
model can be applied to various case mixes without compro-
mising accuracy.
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Conclusion

It would be impossible to prove the superiority of a single
prognostic scoring system; however, our data showed that the
most frequently cited models have good-to-excellent predictive
performance. Age of the model does not appear to be an influ-
encing factor despite advancements and improved survival
from severe burns. Models that were derived from relatively
low severity cohorts did not perform as well in our sample. The
FLAMES and revised Baux score demonstrated superior per-
formance and can be broadly applied across research and clin-
ical settings. The revised Baux score is particularly
reproducible and easy to calculate with the use of a nomogram.
The FLAMES model relies on less easily obtained information
and may be better suited for retrospective research. The
APACHE 1II score performed well in our study, illustrating the
weight of aberrant physiology in burn management.
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