
 www.PRSGlobalOpen.com 1

Related Digital Media are available in the full-text ver-
sion of the article on www.PRSGlobalOpen.com.

Disclosure: The authors have no financial interest to declare 
in relation to the content of this article.

Burns

From the *Plastic and Reconstructive Surgery Section, Department 
of Surgery, King Faisal Specialist Hospital & Research Centre, 
Riyadh, Saudi Arabia; †College of Medicine, King Saud bin 
Abdulaziz University for Health Sciences, Jeddah, Saudi Arabia; 
‡King Abdullah International Medical Research Center, Jeddah, 
Saudi Arabia; §ABAS Medical Centre, Riyadh, Saudi Arabia; 
¶King Faisal University, Al Ahsa, Saudi Arabia; ║Faculty of 
Medicine, King Abdulaziz University, Jeddah, Saudi Arabia; 
**General Surgery Department, Security Forces Hospital, Makkah, 
Saudi Arabia; ††Faculty of Medicine, Dar Al Uloom University, 
Riyadh, Saudi Arabia; and ‡‡School of Medicine, The Royal 
College of Surgeons in Ireland, Dublin, Ireland.
Received for publication August 8, 2022; accepted October 6, 2022.
Copyright © 2022 The Authors. Published by Wolters Kluwer Health, 
Inc. on behalf of The American Society of Plastic Surgeons. This 
is an open-access article distributed under the terms of the Creative 
Commons Attribution-Non Commercial-No Derivatives License 4.0 
(CCBY-NC-ND), where it is permissible to download and share the 
work provided it is properly cited. The work cannot be changed in 
any way or used commercially without permission from the journal.
DOI: 10.1097/GOX.0000000000004694

INTRODUCTION
Burn injuries have a substantial cost impact on 

health care and are responsible for an estimated 120,000 

fatalities globally each year.1 Even in well-equipped burn 
centers, fatality rates remain high (10%–20%).2 The pri-
mary assessment method for measuring and evaluating 
the in-hospital care of individuals with burn-related inju-
ries is patient mortality, and the risk of mortality is evalu-
ated using prognostic risk assessment models (RAMs). 
The American Burn Association recommendations sug-
gest risk criteria to assess the burns but lack a compre-
hensive overview of a distinct prognostic RAM due to a 
scarcity of investigations combining and assessing the 
models’ prognostic accuracy.3,4 Similarly, the European 
Burn Association guidelines for burn care lack any such 
discussion on RAMs and fail to recommend use of any 
particular RAM in assessing mortality in burn patients.5

Due to recent advances, over 40 models for burn 
assessment have been formulated. The Baux Index, 
which is the simplest and most frequently used, has 

Mohamed Amir Mrad, MD, 
FRCSC, MBA, FACS*

Abdullah A. Al Qurashi, MBBS†‡
Qutaiba N. M. Shah Mardan, 

MBBS, MRCS(Eng)§
Faisal Ali Al Jabr, MBBS¶

Ahmed A. Almenhali, MBBS║
Basma Bamakhrama, MBBS║

Bayan Alsharif, MBBS**
Rakan Abdulkarim A. AlEtebi††

Abdullah Hatem Zarkan, MBBS†
Ibrahim A. Kattan, MBBS†

Nasser S. Alsubaie†
Amin Ghazi Gronfula, MBBS‡‡         

ABSTRACT

Background: The predictive capability of various risk assessment models (RAMs) 
in evaluating the risk of mortality in burn patients is not well established. It is also 
unclear which RAM provides the highest discriminative ability and presents the 
highest clinical utility. We pooled all available studies to establish this validity and 
compare the predictive capability of the various RAMs.
Methods: We reviewed PubMed, MEDLINE, and Embase from their inception up 
until December 2021 for studies evaluating risk of mortality in burn patients as 
stratified by RAMs. Data were pooled using random-effect models and presented 
as area under the receiver operating characteristic (AUROC) curve.
Results: Thirty-four studies, comprising of a total of 98,610 patients, were included 
in our analysis. Most studies were found to have a low risk of bias and a good mea-
sure of applicability. Nine RAMs were evaluated. We discovered that the classic 
Baux; the revised Baux; and the Fatality by Longevity, APACHE II score, Measured 
Extent of burn, and Sex (FLAMES) scores presented with the highest discrimina-
tive power with there being no significant difference between the results presented 
by them [AUROCs (95% CI), 0.92 (0.90–0.95), 0.92 (0.90–0.93), 0.94 (0.91–0.97), 
respectively, with P < 0.00001 for all].
Conclusions: Many RAMs exist with no consensus on the optimal model to utilize and 
assess risk of mortality for burn patients. This study is the first systematic review and 
meta-analysis to compare the current RAMs’ discriminative ability to predict mortality 
in patients with burn injuries. This meta-analysis demonstrated that RAMs designed 
for assessing mortality in individuals with burns have acceptable to great discriminative 
capacity, with the classic Baux, revised Baux, and FLAMES demonstrating superior dis-
criminative performance in predicting death. FLAMES exhibited the highest discrimi-
native ability among the RAMs studied. (Plast Reconstr Surg Glob Open 2022;10:e4694; 
doi: 10.1097/GOX.0000000000004694; Published online 16 December 2022.)
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been used to quantify the risk of mortality by calcu-
lating the sum of age and the total body surface area 
(TBSA) burned.6 While the Baux Index is therapeu-
tically efficacious and has a substantial permanence, 
it does not account for inhalation in burns, necessi-
tating the development of the revised Baux Index.7 
Additionally, the Abbreviated Burn Severity Index 
(ABSI) was developed, but breakthroughs in intensive 
care and treatment have led to a decreasing trend in 
mortality due to severe burns, and studies have shown 
ABSI to be inadequate in predicting the likelihood 
of survival for severely burned individuals.8–10 With 
recent advances, more novel and complex methods 
were developed such as Acute Physiology and Chronic 
Health Evaluation (APACHE) score II; Fatality by 
Longevity, APACHE II score, Measured Extent of 
burn, and Sex (FLAMES) score; Burns Evaluation 
and Mortality Study (BEAMS); and Prognostic Burns 
Index11 but a comparison of these novel risk models 
has not been conducted. Some of the present models 
have been modified and reevaluated several times, and 
determining which model is more accurate and robust 
is uncertain.

An accurate model of burn mortality might be useful 
in reviewing treatment choices with patients and their 
families and formulating novel or creative approaches for 
individuals with burn injuries.12 Because the previous vali-
dation studies vary in terms of patient demographics and 
procedural variables among the RAMs, pooled data from 
many validation studies may offer a more accurate evalua-
tion of the RAM’s performance than that from individual 
studies. The purpose of the present study was to examine 
systematically the effectiveness and discriminative perfor-
mance of each RAM used for patients with burn injuries, 
by conducting a meta-analysis on pooled data from all 
studies evaluating burn RAM.

METHODOLOGY

Data Sources and Search Strategy
This meta-analysis was performed according to the 

Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines.13 An electronic 
search of PubMed, MEDLINE, and Embase was con-
ducted using the search strategy shown in Supplemental 
Digital Content 1. (See appendix, Supplemental Digital 
Content 1, which displays the supplementary material, 
http://links.lww.com/PRSGO/C291.) The search was 
conducted from the inception of the databases up until 
December 2021. We also manually screened the refer-
ence lists of the retrieved articles to identify any relevant 
studies.

Study Selection
The following criteria were used to select studies: stud-

ies evaluating discriminative power of mortality risk pre-
diction in burn patients as measured by area under the 
receiver operating characteristic (AUROC) curve, with 
standard deviations, standard errors, or 95% confidence 
intervals (CIs).

Data Extraction
The articles retrieved from the systematic search were 

exported to EndNote Reference Library software through 
which duplicates were screened for and removed. The 
remaining articles were carefully assessed by two indepen-
dent reviewers (A.A.Q. and F.A.J.), and only the studies 
that met the previously defined criteria were selected. All 
studies were inspected on the basis of title and abstract, 
after which the full text of the article was reviewed. A third 
investigator (A.M.) helped in resolving any discrepancies. 
The following data were abstracted for the purposes of 
this systematic review and meta-analysis: discrimination 
data (AUROC with 95% CIs) of the RAMs and pertinent 
calibration data [Hosmer–Lemeshow (H-L) statistics, 
study characteristics, sample size, study population, and 
geographical location].

Risk of bias (ROB) was evaluated via the Prediction 
Model Risk of Bias Assessment Tool.14 This tool assesses 
the ROB and applicability of studies validating or deriv-
ing prognostic models using a series of 20 questions split 
into four major domains, namely participants, predictors, 
outcomes, and analysis.

Statistical Analysis
All analyses were conducted using RevMan (version 

5.4.1; Copenhagen: The Nordic Cochrane Centre, The 
Cochrane Collaboration, 2020). The results from the 
included studies were presented as AUROCs with 95% 
CIs and were pooled using a random-effects model. Forest 
plots were created to evaluate the results of pooling. 
Higgins I2 statistic was used to evaluate the heterogeneity 
of included studies.15 A P value of less than 0.05 was con-
sidered statistically significant.

RESULTS

Literature Search Results
The initial search yielded 2097 potential studies. After 

exclusion, 34 trials remained for analysis. Nine RAMs 
were included in our analysis, namely the classic Baux, the 
revised Baux, the ABSI, the Ryan, the BOBI, the FLAMES, 
the APACHE II, the APACHE III, and the SOFA scores. 
The PRISMA flow chart summarizes the results of our liter-
ature search. (See figure, Supplemental Digital Content 2,  

Takeaways
Question: Which risk model has the highest accuracy in 
predicting  mortality in burn patients?

Findings: We discovered that the classic Baux, the revised 
Baux, and the FLAMES scores presented the highest dis-
criminative power with there being no significant differ-
ence between the results presented by them.

Meaning: This meta-analysis demonstrates that risk strati-
fication models designed for assessing mortality in burn 
victims demonstrate fair to excellent discriminative abil-
ity with classic Baux, revised Baux, and FLAMES showing 
excellent discriminative ability in predicting mortality.

http://links.lww.com/PRSGO/C291
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which displays the PRISMA flowchart, http://links.lww.
com/PRSGO/C292; see figure, Supplemental Digital 
Content 3, which displays the discrimination of the clas-
sic Baux RAM, http://links.lww.com/PRSGO/C293; see 
figure, Supplemental Digital Content 4, which displays 
the discrimination of the revised Baux RAM, http://
links.lww.com/PRSGO/C294; see figure, Supplemental 
Digital Content 5, which displays the discrimination of the 
FLAMES RAM, http://links.lww.com/PRSGO/C295.)

Study Characteristics and Quality Assessment
These trials evaluated a total of 98,610 patients. Eight 

of the 34 studies presented data on the classic Baux score; 
22 of the 34 studies presented data on the revised Baux 
score; 16 the 34 studies presented data on the ABSI score; 
10 of the 34 studies presented data on the Ryan score; 15 
of the 34 studies presented data on the BOBI score; five of 
the 34 studies presented data on the FLAMES score; seven 
of the 34 studies presented data on the APACHE II score; 
three of the 34 studies presented data on the APACHE 
III score; and five of the 34 studies presented data on 
the SOFA score. Baseline characteristics of all trials are 
presented in Table S3, Supplemental Digital Content 1, 
http://links.lww.com/PRSGO/C291. ROB assessment 
using the Prediction Model Risk of Bias Assessment Tool 
demonstrated that most included studies demonstrated a 
low risk of bias and a high degree of applicability and can 
be considered, as such, to be of high methodological qual-
ity. (See Table S2, Supplemental Digital Content 1, http://
links.lww.com/PRSGO/C291.)

Results of Meta-analysis
Overall, our results demonstrated that the classic 

Baux (AUCs, 0.92; CIs, 0.90‐0.95), revised Baux (AUCs, 
0.92, CIs, 0.90‐0.93), and FLAMES score (AUCs, 0.94, CIs, 
0.91‐0.97) presented the best discrimination to evaluate 
mortality in burn patients, with no significant difference 
between them. The results of the meta-analysis are sum-
marized in Table 1.

DISCUSSION
This meta-analysis of 98,610 patients demonstrated 

that RAMs designed for assessing mortality in burn 
patients demonstrate fair to excellent discriminative abil-
ity (range, 0.79–0.94); however, classic Baux (C-statistic =  
0.92), revised Baux (C-statistic = 0.92), and FLAMES 
(C-statistic = 0.94) RAMs have shown excellent discrimi-
native ability in predicting mortality, FLAMES having the 
highest discriminative ability among the RAMs evaluated.

Our study found that the classic Baux score and 
revised Baux score have excellent discriminative abilities 
to predict mortality in burn patients. As early as the 1930s, 
age and the percentage of TBSA burned were recognized 
as the major prognostic markers in patients with burn 
injuries.16 The classic Baux score, formulated in 1961,17 is 
evaluated by the sum of age of the individual and the per-
centage of TBSA burned. An extra year or an extra percent 
of body surface area burned would raise the projected per-
cent fatality by the same amount. To put it another way, 
the score was designed to demonstrate that a 50-year-old 
individual with a 50% burn-affected area was nearly guar-
anteed to die. Although classic Baux score has been shown 
to have a significant prognostic ability,18 it failed to incor-
porate the factor of inhalation in burn injuries, which has 
now been identified as a significant cause of death after 
burn injuries.7 With the modern advances in the develop-
ment of topical antibiotics, prompt excision and grafting, 
and a slew of other advancements in intensive care have 
enhanced survivability to the point that the classic Baux 
scores’ projections are now unreasonably negative.8 To 
formulate a revised Baux score, Osler et al7 found it plausi-
ble to inquire if the classic Baux score might be amended 
to include inhalation damage, and it was reevaluated in 
light of contemporary burn treatment practices without 
jeopardizing its inherent flexibility, hence, resulting in 
a revised Baux score, for which some researchers have 
shown a higher degree of predictability as compared with 
the classic Baux score,18 although our results have shown 
a similar discriminative ability of classic Baux and revised 
Baux score. A considerable critique of these scoring sys-
tems is that they fail to examine the existence of comor-
bidities that could influence the scores’ prognostic result.

Our findings show that the FLAMES score outper-
formed the classic or revised Baux in terms of discrimi-
native ability to predict the risk of mortality in patients 
with burn injuries. Hassan et al19 conducted research to 
investigate FLAMES, BOBI, and revised Baux scores, and 
they concluded that the FLAMES score had a greater pre-
dictive potential, with a sensitivity of 96% and the higher 
specificity of 99%, as compared with revised Baux with 
a sensitivity and specificity of 96% and 90%. Robust and 
comprehensive, the FLAMES score was developed by 
Gomez et al20 in 2008, and it incorporates parameters such 
as a burn patient’s APACHE II score, gender, age, and 
the depth of burn. When it comes to predicting patient 
mortality among the critically ill patients, the APACHE II 
score is considered a gold standard,21 but the comprehen-
sive patient data necessary to generate the score, which 

Table 1. Summary of the Results of the Meta-analysis

Score Name AUC (95% Cls) P Heterogeneity (%) 

Classic Baux 0.92 (0.90–0.95)  <0.00001 88
Revised Baux 0.92 (0.90–0.93)  <0.00001 91
ABSI 0.89 (0.86–0.91)  <0.00001 86
Ryan 0.85 (0.82–0.87)  <0.00001 74
BOBI 0.87 (0.85–0.90)  <0.00001 80
FLAMES 0.94 (0.91–0.97)  <0.00001 78
APACHE II 0.81 (0.73–0.88)  <0.00001 86
APACHE III 0.87 (0.84–0.90) <0.00001 1
SOFA 0.79 (0.65–0.94) <0.00001 91

http://links.lww.com/PRSGO/C292
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includes hemodynamic condition, ventilation status, and 
laboratory investigations, are a potential downside of the 
scoring method.22 Since the APACHE II score is used to 
evaluate critically ill patients and the researchers who for-
mulated this score excluded burn patients during their 
study,21 APACHE II is incorporated into the FLAMES 
score, which is a much more modified score system than 
APACHE II.20 Despite the fact that FLAMES score dem-
onstrated high prognostic ability in our analysis, it is not 
particularly practical due to the fact that it distinguishes 
between partial and full-thickness burns. Even skilled 
burn surgeons may struggle with this judgment as depth 
of the burn may not be evident on the very first physical 
examination of the patient; hence, the FLAMES score may 
not be preferred by certain clinicians as a practical and 
usable tool in regular practice.19,23

Our findings show that ABSI and BOBI scores have 
good discriminative ability, although ABSI has demon-
strated a higher discriminative ability in our analysis. 
BOBI scores comprise of 10-point score system, where age, 
TBSA burned, and inhalation injury determine the score 
of the patient with burn injuries, and a score of 10 points 
would predict a 99% risk of fatality in the burn injuries.24,25 
On the other hand, the ABSI scores incorporate the gen-
der and presence of any complete thickness burns on the 
patient along with inhalation injury, age, and percentage 
of body surface burned.26 Studies comparing ABSI and 
BOBI scores demonstrate that ABSI has a higher sensi-
tivity (81.6% versus 73.1% BOBI) and a higher specific-
ity (92.5% versus 91.8% BOBI).12 However, these models 
have a critical flaw, which is that they fail to account for 
comorbidities in burn patients, and fail to consider mor-
tality in older and/or critical care patients.27 Taylor et al28 
concluded that predicting mortality using “one size fits 
all” methods fails to take into account the unique needs 
of older and pediatric patients with burn injuries, and 
hence, age-specific scoring systems for prognosticating 
mortality should be established. Additionally, because of 
the natural decline in immune function and the flatten-
ing of skin that occurs as people age,29 it is imperative 
that new age-specific risk scores be devised. Thin skin and 
weak immunity may lead to a lengthier healing interval to 
recover for older burn patients. Older people are more 
likely to die from burns because they have more preexist-
ing health conditions, a weaker immune capacity to fight 
off postburn infections, and thinner skin that leads to 
more severe burns.30

Among the other scores included in our study, 
the Ryan score, SOFA score, and APACHE III score, the 
APACHE III score had the highest discriminative ability 
to predict mortality, whereas the SOFA score had the low-
est ability to predict mortality in burn patients, among 
all the included scores in the study. The SOFA score is 
used to evaluate organ failure caused by acute infection 
in organ systems, and was first designed for patients with 
sepsis.31 The APACHE III score included in our study 
had a higher discriminative ability in predicting mortal-
ity than APACHE II, which has been shown by other stud-
ies as well.32 The APACHE II and APACHE III scores are 
used in critically ill patients, but the APACHE III includes 

more variables for evaluation and hence, is more time-
consuming.33 Although there is a lack of studies evaluat-
ing APACHE III score in burn patients, a study done by 
Kuo et al34 concluded that sensitivity of the APACHE III 
score is higher than APACHE II, whereas the specificity is 
lower (sensitivity: 76% versus 62%; specificity: 84% versus 
86%). However, if we compare the APACHE III with SOFA 
score, the SOFA score has a lower sensitivity (76%) and 
specificity (66%).34

Implementing prognostic scores to assess the likelihood 
of mortality in burn patients is an effective way for iden-
tifying the proportion of participants who require further 
attention in terms of therapy, resource conservation, and 
cost containment.18 Our study is the first systematic review 
and meta-analysis to pool the validation studies and com-
pare the current RAMs’ discriminative ability to prognosti-
cate mortality in patients with burn injuries. Our findings 
will facilitate the development of improved guidelines and 
recommendations for patients with burn injuries, since our 
findings corroborate and increase existing information 
about RAMs. Additionally, our results aid future investi-
gators by paving the road for them to investigate specific 
RAMs with high discriminative power, as well as identifying 
models that have not been investigated before.

To interpret our findings, we must consider a number 
of limitations in our study. First, even though our analy-
sis included the most commonly used RAMs, some of the 
other scores that are used for prognosticating mortality 
in burn patients were not included in our study. These 
were McGwin’s score,35 Simplified Acute Physiology 
Score,36 American Society of Anesthesiologists Physical 
Status Score,37 Burns Evaluation and Mortality Study,38 
and Prognostic Burn Index.39 Second, in those studies 
where data were not extracted or those RAMs which 
were not included, it was  because either they did not 
have a significant number of validation studies con-
ducted to assess their prognostic ability or the few stud-
ies that were published failed to report variables that 
were required to assess the discrimination of an RAM. 
Third, there was a significant heterogeneity among the 
studies that were included to evaluate the RAMs. In the 
future, more studies with large prospective validation 
cohorts and less homogenous cohorts are required to 
better assess the discriminative ability of the RAMs. New 
scores need to be designed to prognosticate the risk of 
mortality among the pediatric and older burn patients, 
and validation studies should be conducted for them. 
Fourth, available pediatric models such as pediatric 
Baux were not included in this analysis due to paucity 
of studies. Finally, we only looked at mortality, excluding 
validated models that may predict the likelihood of a 
patient being hospitalized.

In conclusion, our study demonstrates that RAMs such 
as the classic Baux, revised Baux, and FLAMES scores have 
excellent discriminative ability as they include different 
parameters, such as age, gender, TBSA burned, and depth 
of burn, which play a key role in predicting the risk of mor-
tality in these patients. However, there are a few drawbacks 
in using these scores in patients with burn injuries. More 
studies are necessary to create scores for older and pediatric 
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patients and to better comprehend the effectiveness of cer-
tain other scores, which are not included in this study.
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