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Abstract

Background Predicting burn-related mortality is vital for family counseling, triage, and resource allocation. Several
of the burn-specific mortality prediction scores have been developed, including the Abbreviated Burn Severity Index
(ABSI) in 1982. However, these scores are not tested for accuracy to support contemporary estimates of the global
burden of burn injury. This study compares burn mortality across countries with varying economic levels, as indicated
by the Human Development Index (HDI), to assess if a modified ABSI (mABSI) offers enhanced predictive accuracy.

Methods A retrospective study was performed, including over 90,000 patients from seven sources in five continents,
including two burn registries and five referral burn centers. Data from 2015 to 2019 were collected, including age,
gender, presence of inhalation injury, full-thickness burn, percentage of total body surface area, and outcome. The
participating countries were classified based on the HDI and mortality was predicted using both the original and the
modified ABSI.

Results After removal of incomplete data, 74,460 sets remained for the analysis. Significant variations in population
demographics, sample sizes, total body surface area (TBSA), and age distributions across the studied regions were
noted. The modified ABSI demonstrated a smaller deviation from the 95% Cl of the true survival probability than the
original ABSIin countries with a very high or high HDI, indicating improved accuracy here. In these countries, the
original ABSI overestimates mortality. Conversely, in countries with a middle or low HDI, the original ABSI remains
more accurate, reflecting the significantly greater burn related mortality in countries with a low HDI.

Conclusion In burn patients, the probability of survival remains highly dependent on the level of development

of a country. Our results support the use of the modified ABSI in countries with a (very) high HDI, yet in resource
constraint settings, the original ABSI seems to provide more accurate predictions. These findings underscore the need
for adaptive models that take into account socioeconomic variables, potentially guiding health policy adjustments
and emphasizing the necessity of resource allocation and training in lower HDI countries. Such adaptations could
enhance clinical outcomes and reduce disparities in burn care effectiveness globally.
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Background

Predicting burn-related mortality is not only impor-
tant for family counseling and decision-making sup-
port, triage purposes, and capacity planning, but is also
advantageous for scientific purposes, e.g., for systematic
assessment of treatment modalities and for comparison
of international standards of burn care [1-4].

Several burn specific formulae have been developed
over the last decades, such as the Abbreviated Burn
Severity Index (ABSI) [5] the classic and the revised Baux
score [6] and the Ryan scorer [7], of which the ABSI is
used most commonly. Since its introduction in 1982 both
intensive care and burn surgery have made considerable
progress, leading to a decrease in burn related mortal-
ity, especially in high income countries (HICs) [8, 9]. The
score has been validated multiple times in the past, but
the question whether the ABSI still predicts mortality
accurately has been raised by several authors. They have
suggested updating the ABSI to reflect improvements in
burns treatment or alterations in demographic data and
risk factors in the past decades [8, 10-12].

The research gap identified in this study addresses the
untested accuracy of burn mortality prediction across
countries with varying Human Development Indexes
(HDIs), highlighting a potential limitation as most mor-
tality prediction scores, including the ABSI, were devel-
oped in high-resource settings such as the USA [13].
This discrepancy raises concerns about the applicabil-
ity of existing models in countries with lower resources,
such as intensive care units, skilled manpower and costly
instruments or dressing materials, where treatment
availability and quality can vary significantly [14, 15]. In
high-income nations, significant progress in the fields of
prevention, management, and rehabilitation has led to a
substantial reduction in the incidence, severity, mortality,
and disability related to burns [16, 17]. In contrast, low-
and middle-income countries (LMICs), continue to face
a high burden of burns. The discrepancy in outcomes
between these regions is exacerbated by varying levels
of access to advanced medical infrastructure and trained
healthcare professionals [18—20]. Many studies focus on
the cause of burns, instead of on the global burden, which
however is important for the development of interven-
tion strategies [21].

In a recent study with almost 15,000 patients from
the German Burn Registry from 2014 to 2018 we dem-
onstrated the ABSI to overestimate mortality in severely
burned patients and introduced a modified version of the
ABSI, referred to as the mABSI [22]. In particular, this
modified score excluded sex as a predictive parameter

and applied a new age point scale. The question arose,
whether this observation is valid globally or limited to
burns patients from highly developed countries.

The objective of this study is to compare burn mortal-
ity globally in the context of distinct HDI levels and to
evaluate whether the modified ABSI (mABSI) provides
more accurate predictions of survival probabilities. By
addressing these gaps, this study contributes significantly
to the literature, providing a comparative analysis of burn
mortality across different economic and developmen-
tal contexts and highlighting the need for adaptable and
region-specific mortality prediction models. Over 74,000
patients from 7 countries were included in this analysis,
providing a large dataset for evaluating the effectiveness
of the modified index.

Methods

Study design

A retrospective study was performed as a joint interna-
tional project, including adult and pediatric burn patients
from 2 burn registries and 5 referral burn centers from 5
continents.

Data collection

Data from consecutive admissions to each of these 7
sources from 2015 to 2019 were collected from patients
with burns, whereby the exact period of data collection
differs slightly from center to center. Furthermore, the
size and representativeness of the datasets collected var-
ied significantly between the centers, which partly signifi-
cant differences regarding TBSA and age of the patients,
see supplementary material. In HIC countries data was
generally extracted from registries, whereas in LMIC it
was generally based on manual and retrospective reviews
of handwritten medical records due to the absence of
robust, electronic healthcare information systems in
these regions, posing challenges to systematic data gath-
ering and validation. The following demographic and
burn-related data were collected: age, gender, presence
of inhalation injury, presence of full thickness burn and
percentage of total body surface area, outcome (death or
survival).

The participating data sources were:

1) The burn registry of the American Burns Association
[23] (USA).

2) International burn registry of German Speaking
countries (Austria (AT), Switzerland (CH), Germany
(DE)) from the German Society for Burn Treatment
(DGV) [24] henceforth referred to as AT/CH/DE.
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3) State Adult Burn Unit, Fiona Stanley Hospital,
Western Australia [25] (AU).

4) Burns Unit of Komfo Anokye Teaching Hospital,
School of Medical Sciences, Kwame Nkrumah
University of Science and Technology, Kumasi,
Ghana [26] (GH).

5) Burn Unit of Choithram Hospital, Research Center
in Indore, India [27] (IN).

6) Burn Center, Irmandade de Misericordia de
Campinas, Brazil [28] (BR).

7) Ruhengeri Referral Hospital, Musanze District,
Northern Province, Rwanda [29] (RW).

Data quality was ensured by removing inconclusive or
missing data sets. Standard abbreviations were used for
countries, as ISO 3166-1, alpha 2 code [30].

Human development index

Countries were classified according to the Human Devel-
opment Index. The HDI is a composite index, measuring
the average achievements in key dimensions of human
development: life expectancy, education and standard of
living. It is calculated on the basis of life expectancy at
birth, the average number of years of schooling for adults
and the expected duration of schooling for children, and
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gross national income per capita adjusted for purchasing
power. Income is included in the calculation logarithmi-
cally in order to consider the decreasing importance of
income in high areas.

Countries are grouped into four categories based
on fixed cutoff points: A HDI<0.550 is defined as low
development (category D), a HDI of 0.550-0.699 as a
medium human development (category C), a HDI of
0.700-0.799 as a high human development (category B),
and HDI>0.800 (category A) as very high human devel-
opment [13].

Analysis of mortality and comparative validation of the
ABSI and mABSI

The ABSI is a tool to specify the probability of survival
in burns using 3 trauma-specific (burned body surface,
presence of inhalation injury, presence of full thickness
injury) and 2 patient-specific (age, gender) parameters.
The individual parameter scores add up to the Total
Burn Score defining the estimated survivability. With the
mABSI, gender is excluded as a non-relevant parameter
and the point distribution for the present age is adapted
according to the non-linear age distribution of mortal-
ity. ABSI and mABSI with their different parameters are
shown in Table 1.

Table 1 Definition of ABSI [5] and mABSI [22], probability of survival of the different total burn score groups

ABSI (original) Modified ABSI

Variable Patient characteristics Score Patient characteristics Score

Sex Female 1
Male 0

Age 0-20 1 0-40 1
21-40 2 41-70 2
41-60 3 71-80 3
61-80 4 81-90 4
81-100 5 91-100 5

Inhalation injury 1 1

Full thickness burn 1 1

Total body surface area burned (TBSA, %) 1-10 1 1-10 1
11-20 2 11-20 2
21-30 3 21-30 3
31-40 4 31-40 4
41-50 5 41-50 5
51-60 6 51-60 6
61-70 7 61-70 7
71-80 8 71-80 8
81-90 9 81-90 9
91-100 10 91-100 10

Total Burn Score Threat to life Probability of survival

2-3 Very low >99%

4-5 Moderate 98%

6-7 Moderately severe 80-90%

8-9 Serious 50-70%

10-11 Severe 20-40%

12-13 Maximum <10%
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Table 2 Overview of the patient datasets included in the study. Sources: USA, Austria (AT), Switzerland (CH), Germany (DE), Australia,
Ghana, India, Brazil and Rwanda. Basic patient demographics and injury related data are indicated.

Source N° of patients Years Pediatric pa- Male TBSA Presence of Presence
tientsincluded Gender [mean+SD] IHT [%] of full
[%] thickness
burn [%]
USA 54,335 2015-2018  vyes 67.28 7.50 5.70 30.53
(11.98)
AT/CH/DE 14,782 2015-2018  vyes 62.50 941 5.70 22.10
(13.11)
Australia 3,212 2009-2019 no 69.80 490 2.09 11.89
(7.91)
Ghana 772 2009-2019  ves 53.89 3093 117 100.00
(20.98)
India 744 2014-2019  vyes 55.11 33.09 41.26 76.34
(25.18)
Brazil 403 2016-2019 no 68.24 17.60 14.64 59.80
(17.02)
Rwanda 212 2015-2019  vyes 56.60 14.51 425 6.60
(13.29)
Total 74,460 - 66.15 834 590 29.32
(12.28)
Each patient was scored using the original and the  Statistics

modified ABSI (mABSI) and was categorized according
to the ABSI groups (2-3, 4-5, 6-7, 8-9, 10-11, >12).
Actual (true) probability of Survival and 95% CI were cal-
culated for each group.

To calculate how accurately the ABSI and the mABSI
describe the real data, the deviation of the mean of the
ABSI from the 95% CI of the true survival was deter-
mined. If the 95% CI and the range of the ABSI intersect,
deviation was set to zero.

Statistical analysis was performed using the python
library SciPy (Python Software Foundation) [31]. Means,
standard deviations (SD) and confidence intervals (CI)
were calculated and plotted in a descriptive manner. For
each country, scatter plots for mortality were drawn and
line plots for grouped ABSI and mABSI calculations were
created. For the line plots, missing values or groups with
less than 3 patients were omitted.

Table 3 Accuracy of the two scoring systems (ABSI and mABSI). Calculations were performed for the data from the two burn registries
(US and DE/ACH) and for each of the single countries (Brazil (BR), India (IN), Ghana (GH) and Rwanda (RW). Deviation of the mean of
the ABSI and the mABSI from the 95% interval of the true survival was calculated separately for each of the defined ABSI scores. Mean
deviation over the entire ABSI respective mABSI (deviation mean) is depicted in the column to the right. Here, for each country, the

more accurate scoring system was marked in bold

Country Scoring system Deviation per Score Deviation
2-3 4-5 6-7 8-9 10-11 >=12 mean
USA ABSI 032 1.26 10.93 15.24 17.28 9.63 AN
mABSI 0.22 0.05 0.00 0.00 0.00 0.00 0.04
AT/CH/DE ABSI 033 0.85 7.39 8.84 15.62 10.23 721
mABSI 027 1.00 1.15 0.00 0.00 0.00 0.40
AU ABSI 0.00 133 9.63 17.65 3.14 0.00 529
mABSI 0.15 0.21 0.00 0.00 0.00 0.00 0.06
BR ABSI 1.74 0.00 2.54 1.55 0.00 0.00 097
mABSI 1.62 143 0.00 0.00 0.00 0.00 0.51
IN ABSI 0.00 0.00 4.36 0.00 0.00 0.00 0.73
mABSI 0.00 0.00 0.00 6.98 15.22 0.00 370
GH ABSI 481 352 0.00 0.00 0.00 0.00 1.39
mABSI 3.87 5.71 9.78 4.89 0.00 0.00 4.04
RW ABSI 0.00 0.00 332 0.00 - 0.00 0.66
mABSI 0.00 248 12.87 413 - 0.00 3.90
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Fig. 1 Burn related mortality as a function of TBSA and age. Each of the survivors (grey) and deceased (red) are illustrated for each of the countries in-
cluded in the analysis. The shading of the point takes into account the fact that more than one patient falls on many points. Red data points are enlarged
for clarity. Note that data from Australia and Brazil are from adult burn centers only, and only include few minor patients
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Results

A total of 90,530 patient data sets were collected. After
removal of incomplete data, 74,460 sets remained. Data
from countries of all HDI groups were included: D —
Rwanda; C — India, Ghana; B — Brazil; A — USA, Aus-
tria/Switzerland/Germany, Australia. Details concerning
demographics and injury related data can be found in
Table 2. Distribution of total body surface area (TBSA)
and age differ significantly between the data sets from the
different regions, details can be found in the supplement
(Supplementary material 1-7). As shown, data from Aus-
tralia and Brazil are from adult burn centers only.

In a first step, burn related mortality was displayed as
a function of TBSA and age as to demonstrate the differ-
ence in survival patterns between the different countries,
see Fig. 1.

Next, each patient was scored according to the original
and the modified ABSI (mABSI), for the purpose of vali-
dation. Countries were grouped according to the HDI,
see Fig. 2A-D.

Next, the accuracy of the ABSI and the mABSI to pre-
dict mortality was calculated, see Table 3. In brief, for
countries with a very high to high HDI (USA, AT, CH,
DE, AU, BR), the mABSI outperforms the accuracy of the
ABSI, whereas in the remaining countries (GH, IN, RW)
the original ABSI is superior in prediction of mortality.

Discussion

Global burn care lacks sufficient data on outcome, clinical
and even epidemiological questions in general [32]. Data
on burn related outcome are published almost exclusively
from countries with a high HDI [33]. It is therefore dif-
ficult or almost impossible to carry out global analyses of
the consequences of burns. The aim of the present study
was to fill this gap: Its objective was to compare burn
mortality globally in over 74,000 patients from 7 coun-
tries in the context of distinct human development indi-
ces. Moreover, we evaluated whether the original or the
modified ABSI are more accurate in predicting the prob-
ability of survival.

This study showed that with the ABSI the following
dualism emerged: For countries with a very high or high
HDI, such as USA, AT/CH/DE, AU and BR the mABSI
was more accurate than the original ABSI. In these coun-
tries, the use of the original ABSI leads to a significant
overestimation of mortality. In contrast, the original ABSI
remains more accurate in countries with a medium and
low human development index such as GH, IN and RW.
Here, the use of the mABSI leads to a significant under-
estimation of mortality, see Table 2; Fig. 2. The study thus
highlights the importance of periodically updating and
modifying scoring systems to reflect changes in burn care
and demographics. As shown in Table 1 and the supple-
mentary material, the demographic and injury data differ
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between countries. For example, there is a marked dif-
ference in the extent of injury between the lower HDI
countries, which generally have a higher proportion of
patients with higher TBSA, and the higher HDI coun-
tries, where major burns have become rare. Note that
mortality as a function of TBSA and age also shows sig-
nificantly different patterns between countries, see Fig. 1.

The findings regarding overestimation of burn related
mortality in countries with a high or very high level of
development, using the original ABSI are supported by
previous publications [8] which is not surprising since
significant progress has been made in burn care since the
introduction of this score in 1982 in the USA [5, 9, 34].
On the contrary, the original ABSI, developed more than
40 years ago, still describes the probability of survival
in investigated countries with low and medium HDI,
despite significant development in burn care.

These results also indicate that, given the wide dispari-
ties in levels of development around the world, it is not
possible to produce a globally applicable score to accu-
rately predict survival. Instead, the data suggest that
either a scoring system should be developed that takes
into account the HDI or, alternatively, the dualism shown
here should be followed: For highly developed countries
(very high and high HDI) the mABSI can be used, for less
developed countries (medium and low HDI) the ABSIL
Of note, merely the outcome data from registries (US &
AT/CH/DE) reflects nationwide data, whereas included
data from the other countries only represents outcome
from single burn centers and referral hospitals. Nev-
ertheless, the data in this study are within the expected
range, based on a review of the few available data from
previous studies in these countries or comparable regions
[35-39]. Thus, an approximation of national mortality
rates based on these monocentric data - in the absence of
national registries and the scarce availability of outcome
data from less developed countries - appears to be a suf-
ficiently accurate approach [33].

In high HDI countries, the proportion of small burns
was higher than in the other countries in our study,
which was also shown in previous studies with lower
affected median TBSA in countries with a higher HDI
[40]. Jacobs et al. also described a longer length of stay in
HDI countries. Furthermore, similar to our results, this
study shows lower mortality in these countries despite
higher rates of associated injuries. Overall, with this in
mind and the fact that only inpatients were analyzed, it
must also be discussed that treatment strategies and rea-
sons for admission will certainly differ between countries
and are likely to be influenced by cost coverage and the
health care system with different reimbursements [40]. A
recent cross-sectional survey in LMICs also showed sig-
nificant variation in the proportion of large burns, even
between countries in the same HDI class. The proportion



Elrod et al. International Journal for Equity in Health (2025) 24:5

of burns with >20% TBSA ranged from 19-81% [41]. As
the influence of body surface area is an important param-
eter in determining the ABSI, it can be assumed that this
particular inhomogeneity does not represent a significant
bias in the results, because the increased body surface
area affected will increase the ABSI accordingly [5, 22].
Over the past few decades, the validity of the ABSI as a
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prognostic tool for patients with burns of all sizes has
been repeatedly demonstrated [42—-46].

In general, countries with higher HDIs tend to have
much higher per capita health expenditure and more
doctors per 1000 inhabitants than countries with lower
HDIs [47, 48].

The US spend 214 times more on healthcare per capita
than Rwanda does [47], and gross domestic product (GDP)
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Fig. 2 Line plots of the ABSI and the mABSI. Patients were scored using the (original) and the modified ABSI (mABSI) and were categorized according to
the ABSI groups (2-3,4-5,6-7,8-9, 10-11, > 12). Countries are grouped according to the HDI: A: ABSI of very high and high developed countries. B: ABSI
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probability of death, as predicted by the ABSI is shown as a blue shaded area, the mean of this interval is depicted as black dots
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Table 4 Comparative compilations of health expenditure per capita, GDP per capita, physicians per 1000 people, population and HDI.

Data retrieved from the World Bank and the United Nations

Country Health expenditures per GDP per capitain US$ Physicians per 1000 people  Population (2021) [50] HDI
capita & year in US $ (2019) (2021) [49] (2018/2019/2020) [48] 2021
[47] [51]
us 10,921 70,248 26 331,893,740 0.921
AT/ 5,242 53,637 53 8,955,800 0916
CH/ 9,666 91,991 44 8,703,410 0.962
DE 5,440 51,203 44 83,196,080 0.942
AU 5427 55,100 4.1 25,688,080 0951
BR 853 9,130 2.3 214,326,220 0.754
IN 63 2,120 0.7 1,407,563,840 0.633
GH 75 2,220 02 32,833,030 0.632
RW 51 830 0.1 13,461,890 0.534

is 75 times higher [49]. Although health expenditure dif-
fers significantly even in countries with a very high HDI -
e.g., per capita expenditure in the US is more than twice as
high as in Germany or Australia - this does not lead to rel-
evant differences in the probability of survival. The num-
ber of doctors per 1000 inhabitants varies widely across
the world: for example, in Rwanda it is 0.1 and in India it
is 0.7, while it is 4.4 for Switzerland and Germany likewise
and even 5.3 for Austria [48]. There are also significant dif-
ferences between the countries included in this study in
terms of relative health expenditure: In the USA, 15.5% of
GDP is spent on health, in Germany 10.6%, in Switzerland
10.5%, in Austria 9.8%, in Australia 9.8%, in Brazil 9.3%, in
Rwanda 6.1%, in Ghana 3.4% and in India 3.0%.

While the World Bank’s data indicates that there are
also significant differences in health spending and the
number of doctors among the very high developed coun-
tries, our data do not suggest a clear difference regarding
their ABSI scoring. Thus, beyond a certain level, money
might not lead to pronounced improvement in survival
rates. For detailed information see Table 4.

The strong correlation between HDI and burn injury
related survival shown in our analysis is consistent with
the Global Burden of Disease (GBD) 2017 [52] and 2019
[32] studies. These studies analyze global epidemiology
and trends in burns and highlight a general lack of epi-
demiological data from many low- and middle-income
countries (LMIC). According to the GBD 2019 study,
approximately 110,000 people die from burns each year.
The vast majority of these are in low- and middle-income
countries [32, 53]. Similar to our study, in a retrospective
study of 189 countries, Peck et al. found a strong statisti-
cal association between death from thermal injuries and
gross national income per capita (R = -0.36). The authors
also demonstrated an association between the Gini coef-
ficient and burn mortality (R=0.17) by combining eco-
nomic data from the World Bank and mortality data
from the WHO [54]. The Gini coefficient is a statistical
measure of the inequality of wealth distribution within a
country.

Data from the included clinics in the different countries
suggest that a lower HDI could be reflected by an addi-
tional point in the mABSI, where a higher score is cor-
respondingly associated with a poorer prognosis. Adding
one point per lower HDI class in our study cohort (B plus
1, C plus 2, D plus 3) would result in a comparable pre-
dictive value of the mABSI for all countries studied.

A general statement regarding an adaptation of the
mABSI for the HDI classes is not possible due to the fact
that only a few countries from the different classes were
examined. If further investigations confirm this trend, a
globally applicable version of the mABSI could be con-
ceivable in the future, taking into account the HDI.

“Closing the gap in a generation” aimed by the WHO
Commission on Social Determinants of Health in 2008
seems to be still far away to date, especially in global
burn care [55]. A lot of work remains to fulfill the official
theme of the 2012 International Society for Burn Injuries
congress “One World, One Standard of Burn Care”.

Limitations

This study has a number of limitations. First, it should be
noted that the data are limited to patients from 7 regions/
countries of the world. Thus, at most, the influence of the
HDI on mortality and the accuracy of the ABSI can be
shown by way of example. Larger studies from a global
burn registry would be needed to remedy this. Further-
more, in some countries, only patients from a single hos-
pital were included. This may have a non-negligible bias
in patient population and mortality due to the different
types of hospital, such as referral hospitals etc. Another
weakness of the study is the very unevenly sized patient
cohorts, which may affect the validity and reliability of
our findings. The absence of robust, electronic healthcare
information systems in less developed regions posed sig-
nificant challenges to systematic data gathering and anal-
ysis. This situation also restricts the possibility for data
validation, further affecting the representativeness and
generalizability of the results. Accordingly, great care was
taken to ensure that the participating centers carried out
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a complete, reliable and, above all, systematic survey of
their patients in order to minimize possible bias.

These factors underscore the need for investment in
healthcare infrastructure and data management systems
in these settings to support better epidemiological sur-
veillance and healthcare outcomes.

Conclusion

For burn patients, the likelihood of survival depends
strongly on the level of development of a country. In
countries with a very high or high HDI, the modified
ABSI is more accurate, as the original ABSI overestimates
mortality. Conversely, in regions with lower HDIs, the
original ABSI still provides a more accurate assessment,
reflecting the greater challenges in managing burn inju-
ries due to limited healthcare resources.

These results show that it is not possible to create a
globally applicable score that accurately predicts sur-
vival. The study also highlights the importance of regu-
larly updating and modifying scoring systems to reflect
changes in burn care worldwide. Implementing such
models could guide improvements in local health poli-
cies, particularly in enhancing burn care facilities and
training for healthcare professionals in under-resourced
areas. In addition, the study points out that a reduction
in global burn mortality can only be achieved through
a reduction in global poverty and provision of adequate
and equitable health care for all.

Further research should explore the development of
specific burn severity indices that better account for dis-
parities in healthcare capabilities and socio-economic
conditions. This would not only improve the manage-
ment of burn injuries globally but also support broader
efforts to equalize healthcare outcomes across different
regions. By addressing these critical areas, substantial
progress can be made towards reducing the global bur-
den of burn injuries and improving survival rates in all
HDI settings.

Abbreviations

ABSI Abbreviated Burn Severity Index
AT Austria

AU Australia

BR Brazil

CH Switzerland

@] Confidence Interval

DE Germany

DGV German Society of Burn Treatment

GBD Global Burden of Disease
GDP Gross Domestic Product

GH Ghana

HIC High Income Country

HDI Human Development Index

HT Inhalational Trauma

IN India

ISO International Organization for Standardization
LMIC Low- and Middle-Income Country

mABSI  Modified Abbreviated Burn Severity Index
R Correlation coefficient r

Page 9 of 10

RW Rwanda

SD Standard Deviation

TBSA Total Body Surface Area
USA United States of America
WHO World Health Organization

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/512939-024-02353-7.

Supplementary Material 1: Figure S 1-7: Distribution of TBSA (darkblue)
and age (light blue) by country. Data are expressed as relative frequen-
cies in 5-year and 9% TBSA increments. AT = Austria, CH=Switzerland,
DE=Germany

Acknowledgements
We acknowledge financial support from the Open Access Publication Fund of
UKE - Universitatsklinikum Hamburg-Eppendorf.

Author contributions

JE design of the work, the acquisition, analysis, interpretation of data, drafted
the work, revised, approved the submitted version. CM analysis, interpretation
of data, approved the submitted version. LB the acquisition, analysis,
approved the submitted version. JMP the acquisition, analysis, approved the
submitted version. FMW the acquisition, analysis, approved the submitted
version. DEW the acquisition, analysis, approved the submitted version. PA
the acquisition, analysis, approved the submitted version. SC the acquisition,
analysis, approved the submitted version. AS the acquisition, analysis,
approved the submitted version. FNN the acquisition, analysis, approved

the submitted version. JBK the acquisition, analysis, approved the submitted
version. MB revised and approved the submitted version. KR analysis, revised
and approved the submitted version. IK conception, design of the work, the
acquisition, analysis, interpretation of data, drafted the work, revised, approved
the submitted version.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Data availability
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was discussed with the Ethics Committee of the regional Medical
Association (Hamburg) and the need for approval was waived.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Pediatric Surgery, University Medical Center Hamburg-
Eppendorf, Martinistrasse 52, 20246 Hamburg, Germany

Department of Pediatric Surgery, University Medical Center Mannheim,
Heidelberg University, Theodor-Kutzer-Ufer 1-3, 68167 Mannheim,
Germany

3Department of Surgery, University of Texas Medical Branch, 301
University Blvd, Galveston, TX 77555-0527, USA

“Burn Injury Research Unit (BIRU), University of Western Australia, 35
Stirling Hwy, Perth, WA 6009, Australia

*Institute for Health Research, The University of Notre Dame Australia,
Fremantle 6160, Australia

5Safety and Quality Unit, Armadale Kalamunda Group Health Service, East
Metropolitan Health Service, Mt Nasura 6112, Australia


https://doi.org/10.1186/s12939-024-02353-7
https://doi.org/10.1186/s12939-024-02353-7

Elrod et al. International Journal for Equity in Health

(2025) 24:5

"Department of Surgery, School of Medical Sciences, Kwame Nkrumah
University of Science and Technology, Kumasi, Ghana

8Choithram Hospital and Research Centre, Indore, Madhya Pradesh, India
°Irmandade de Misericordia de Campinas, Av. Julio de Mesquita, 571
Cambini/Campinas-JP, Sao Paulo CEP:13024-180, Brazil

‘ORuhengeri Referral Hospital, PO.Box 57, Musanze District, Musanze,
Northern Province, Rwanda

”Departmem of Pediatric Surgery, Altona Children’s Hospital,
Bleickenallee 38, 22763 Hamburg, Germany

Received: 2 August 2023 / Accepted: 2 December 2024
Published online: 09 January 2025

References

1.

Pavoni V, Gianesello L, Paparella L, Buoninsegni LT, Barboni E. Outcome pre-
dictors and quality of life of severe burn patients admitted to intensive care
unit. Scand J Trauma Resusc Emerg Med 18, (2010).

Lip TC, Tan H, Thomas JH, Imran M. F. H. & Azmah Tuan Mat, T. N. Survival
analysis and mortality predictors of hospitalized severe burn victims in a
Malaysian burns intensive care unit. Burns Trauma 7, (2019).

Melo F, de Gragnani L, de Oliveira A, A. F, Ferreira LM. Predicting mortality for
critically ill burns patients, using the Abbreviated Burn Severity Index and
Simplified Acute Physiology Score 3. Injury 53, 453-456 (2022).

Obed D et al. Comparative analysis of Composite Mortality Prediction scores
in Intensive Care burn patients. Int J Environ Res Public Health 19, (2022).
Tobiasen J, Hiebert JM, Edlich R. F. The abbreviated burn severity index. Ann
Emerg Med. 1982;11:260-2.

OslerT, Glance LG, Hosmer DW. Simplified estimates of the probability of
death after burn injuries: extending and updating the baux score. J Trauma.
2010;,68:690-7.

Ryan CM, et al. Objective estimates of the probability of death from burn
injuries. N Engl J Med. 1998,338:362-6.

Tsurumi A, et al. Do standard burn mortality formulae work on a population
of severely burned children and adults? Burns. 2015;41:935-45.

Jeschke MG, et al. Morbidity and survival probability in burn patients in
modern burn care. Crit Care Med. 2015:43:808-15.

Berndtson AE, Sen S, Greenhalgh DG, Palmieri TL. Estimating severity of burn
in children: Pediatric Risk of Mortality (PRISM) score versus abbreviated burn
Severity Index (ABSI). Burns. 2013. https://doi.org/10.1016/j.burns.2013.05.001

Germann G, Barthold U, Lefering R, Raff T, Hartmann B. The impact of risk
factors and pre-existing conditions on the mortality of burn patients and the
precision of predictive admission-scoring systems. Burns. 1997,23:195-203.
Seo DK, et al. Epidemiological trends and risk factors in major burns patients
in South Korea: a 10-year experience. Burns. 2015;41:181-7.

United Nations Development Programme. Human Development Reports -
About Human Development. http://hdr.undp.org/en/content/human-develo
pment-index-hdi (2021).

Smith MTD, Allorto NL, Clarke DL. Modified first world mortality scores can be
used in a regional South African burn service with resource limitations. Burns.
2016;42:1340-4.

Lip HTC et al. Predictors of mortality and validation of burn mortality prog-
nostic scores in a Malaysian burns intensive care unit. BMC Emerg Med 19,
(2019).

Rybarczyk MM, et al. Prevention of burn injuries in low- and middle-income
countries: a systematic review. Burns. 2016;42:1183-92.

Collier ZJ, McCool K, William P, Magee |, Potokar T, Gillenwater J. 58

burn injuries in Asia: A Global Burden of Disease Study. J Burn Care Res.
2022;43:540.

Yakupu A et al. The epidemiological characteristic and trends of burns glob-
ally. BMC Public Health 22, (2022).

Keshri VR, Jagnoor J. Burns in India: a call for health policy action. Lancet
Public Health. 2022;7:e8-9.

Ede CJ, et al. A comparative study of outcomes of burns across multiple levels
of care. Burns. 2023;49:1879-85.

Yin B, et al. Global burden of burns and its association with socio-economic
development status, 1990-2019. Burns. 2024;50:321-74.

Bartels P, et al. The ABSI is dead, long live the ABSI - reliable prediction of
survival in burns with a modified abbreviated burn Severity Index. Burns.
2020;46:1272-9.

23.
24.

25.

26.
27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.
51.

52.

53.

54.

55.

Page 10 of 10

Registry — American Burn Association. http://ameriburn.org/quality-care/registry/
DGV. Deutsche Gesellschaft fir Verbrennungsmedizin. https://www.verbrenn
ungsmedizin.de/verbrennungsregister/ (2019).

Government of Western Australia, South Metropolitan Health Service, Fiona
Stanley Fremantle Hospitals Group. (2024).

Home. | Komfo Anokye Teaching Hospital. https://kath.gov.gh/

Best Burn Surgery Hospital. in Indore | Choithram Hospital. https://choithram
hospital.com/departments/burn-surgery/

Santa Casa. - Saude para todos. http://santacasacampinas.com.br/

Overview. https://www.rrh.gov.rw/about/overview

1SO-150. 3166 — Country Codes. https://wwwiiso.org/iso-3166-country-codeshtml
Virtanen P, et al. SciPy 1.0: fundamental algorithms for scientific computing in
Python. Nat Methods. 2020. https://doi.org/10.1038/541592-019-0686-2.
Yakupu A, et al. The epidemiological characteristic and trends of burns glob-
ally. BMC Public Health. 2022;22:1-16.

Smolle C, et al. Recent trends in burn epidemiology worldwide: a systematic
review. Burns Preprint at. 2017. https://doi.org/10.1016/j.burns.2016.08.013.
Rowan MP, et al. Burn wound healing and treatment: review and advance-
ments. Crit Care. 2015;19:243.

Cleland H, et al. The Burns Registry of Australia and New Zealand: progressing
the evidence base for burn care. Med J Aust. 2016;204:e1951-7.

Dhopte A, Bamal R, Tiwari VK. A prospective analysis of risk factors for pediatric
burn mortality at a tertiary burn center in North India. Burns Trauma 5, (2017).
Mukagaju F, et al. What is known about Burns in East Africa? A scoping
review. J Surg Res. 2021;266:113-24.

Brusselaers N, Agbenorku P, Hoyte-Williams PE. Assessment of mortality
prediction models in a Ghanaian burn population. Burns. 2013;39:997-1003.
Agbenorku P, Edusei A, Ankomah J. Epidemiological study of burns in Komfo
Anokye Teaching Hospital, 2006-2009. Burns. 2011;37:1259-64.

Jacobs C, Vacek J, Many B, Bouchard M, Abdullah F. An Analysis of Factors
Associated with burn Injury outcomes in low- and Middle-Income Countries.
J Surg Res. 2021;257:442-8.

Quinn L, et al. Burn admissions across low- and middle-income countries: a
repeated cross-sectional survey. J Burn Care Res. 2023;44:320-8.

Shah S, Verma R, Mittal RK, Garg R. Better among the two for burn Mortality
Prediction in developing nations: revised baux or modified abbreviated burn
Severity Index? Int J Appl Basic Med Res. 2024;14:7-11.

Sharma S, Tandon R. External validation of three burn-Specific Mortality
Prediction models in Adult burn patients at a Tertiary Care Hospital in India.
Indian J Plast Surg. 2023;56:39-43.

de Carvalho VF, Paggiaro AO, Goldner A, Gemperli R. Retrospective evaluation
of the accuracy of five different severity scores to predict the Mortality in
Burns patients. J Burn Care Res. 2021. https://doi.org/10.1093/JBCR/IRABO57.
Forster NA, et al. 30 years later-does the ABSI need revision? Burns.
2011;37:958-63.

Tejero-Trujeque R. How effective is the abbreviated burn Severity Index in
predicting patient mortality? J Wound Care. 2000;9:475-8.

Current health expenditure. per capita (current US$) | Data. https://data.worl
dbank.org/indicator/SH.XPD.CHEX.PC.CD

Physicians. (per 1,000 people) | Data. https://data.worldbank.org/indicator/SH
MEDPHYS.ZS

GDP per capita. (current US$) | Data. https://data.worldbank.org/indicator/NY.
GDPPCAPCD

Population. total | Data. https://data.worldbank.org/indicator/SPPOPTOTL
Human Development Index. | Human Development Reports. https://hdr.und
p.org/data-center/human-development-indexi/indicies/HDI

James SL, et al. Epidemiology of injuries from fire, heat and hot substances:
global, regional and national morbidity and mortality estimates from the
global burden of Disease 2017 study. Inj Prev. 2020;26:136-45.

Peck MD. Epidemiology of burns throughout the world. Part I: Distribution
and risk factors. Burns vol. 37 1087-1100 Preprint at https://doi.org/10.1016/j.
burns.2011.06.005 (2011).

Peck M, Pressman MA. The correlation between burn mortality rates from fire
and flame and economic status of countries. Burns. 2013;39:1054-9.

Closing the gap in. a generation: health equity through action on the social
determinants of health - Final report of the commission on social determinants
of health. https://www.who.int/publications/i/item/WHO-IER-CSDH-08.1

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/j.burns.2013.05.001
http://hdr.undp.org/en/content/human-development-index-hdi
http://hdr.undp.org/en/content/human-development-index-hdi
http://ameriburn.org/quality-care/registry/
https://www.verbrennungsmedizin.de/verbrennungsregister/
https://www.verbrennungsmedizin.de/verbrennungsregister/
https://kath.gov.gh/
https://choithramhospital.com/departments/burn-surgery/
https://choithramhospital.com/departments/burn-surgery/
http://santacasacampinas.com.br/
https://www.rrh.gov.rw/about/overview
https://www.iso.org/iso-3166-country-codes.html
https://doi.org/10.1038/s41592-019-0686-2
https://doi.org/10.1016/j.burns.2016.08.013
https://doi.org/10.1093/JBCR/IRAB057
https://data.worldbank.org/indicator/SH.XPD.CHEX.PC.CD
https://data.worldbank.org/indicator/SH.XPD.CHEX.PC.CD
https://data.worldbank.org/indicator/SH.MED.PHYS.ZS
https://data.worldbank.org/indicator/SH.MED.PHYS.ZS
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD
https://data.worldbank.org/indicator/NY.GDP.PCAP.CD
https://data.worldbank.org/indicator/SP.POP.TOTL
https://hdr.undp.org/data-center/human-development-index#/indicies/HDI
https://hdr.undp.org/data-center/human-development-index#/indicies/HDI
https://doi.org/10.1016/j.burns.2011.06.005
https://doi.org/10.1016/j.burns.2011.06.005
https://www.who.int/publications/i/item/WHO-IER-CSDH-08.1

	﻿Country economic status is strongly associated with burn survival - validation of the (modified) ABSI
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design
	﻿Data collection
	﻿Human development index
	﻿Analysis of mortality and comparative validation of the ABSI and mABSI
	﻿Statistics

	﻿Results
	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


