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Abstract

Burn injuries have been more prevalent among low socioeconomic populations and in less
developed regions. Incredible advances in burn care and social development over the recent
decades, however, should have placed the incidence and severity of burns in a downwards trend.
The aim of this review was to give an overview on current trends in burn epidemiology across the
world. Also the socioeconomic development in countries that have published epidemiological data
used in this study has been taken into account when comparing the results. There was a worldwide
downwards trend of burn incidence, burn severity, length of hospital stay, and mortality rate. These
findings were particularly pronounced in very highly developed countries. Data from highly and
medium developed countries were more heterogeneous. No studies could be obtained from low
developed countries. Comparisons between the different studies were compromised by the fact
that studies emerged from specialized facilities on one hand and general hospitals on the other.
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Analyzed studies were also frequently focusing on limited patient populations such as “children”
or “elderly”. Our findings indicate the need for an international burn database with a minimal data-
set in order to obtain objective and comparable results in respect of burn epidemiology.
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1 Introduction

Burns are devastating injuries, often resulting in significant morbidity, impairment of
emotional well-being, and experienced quality of life. In addition to the stressful immediate
care, burns often require long-term treatment with numerous outpatient visits (dressing
changes etc.) and multiple reconstructive surgical procedures £ concomitant hospital stays.
These health-related consequences of burn injuries are often accompanied with additional
socioeconomic burdens for burn victims and their families [1-5].

Socioeconomic development in different countries is a continuous process affecting
basically every aspect of life. Its impact on human health is evident. According to the
Human Development Reports 2015, the average mortality rate between very highly and low
developed countries differ by a factor 3 (57:106 and 249:291 (women:men) per 1,000
respectively), while the access to physicians per 10,000 inhabitants differ with about a factor
10 (27.9 and 2.9 physicians per 10,000 inhabitants, respectively) [6]. It is not surprising that
burn injuries are also more common in populations with lower socioeconomic status and
delayed developmental growth [3,7-9], e. g. a lack of basic safety education has been
associated with increased risk for burn injuries [10]. Furthermore, the majority of burn
injuries are preventable. Measures such as educational programs, introduction of smoke
alarms/detectors, and controlled hot water in households have contributed significantly to
decrease burn incidence rates and severity when applied [3,10,11].

In pace with the increasing worldwide socioeconomic development there should be a
decreasing trend of burn injuries. The aim of this literature review was to assess recent
developments in burn epidemiology worldwide including changes in burn incidences, injury
characteristics, length of hospital stay, and mortality. A similar study, previously published,
regarding developments in severe burns only evaluated European populations [12]. This
review intends to provide an overview of the burn epidemiology trends on a global level.

2 Material and Methods

A systematic search was performed in PubMed (March 2" to 10, 2016) to retrieve the
included studies. The applied search strategy included the combination of the key words:
“thermal”, “injury”, “trends”, “epidemiology”, “thsa”, “size”, “depth”, and “mortality”. For
additional studies, the references of the included articles have also been hand-searched. Only
original articles, covering a period of at least 5 years, published from 2001 and onwards
were included. The included studies were divided into (deriving from) very highly developed

(VHD), highly developed (HD), medium developed (MD), and low developed (LD)
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countries according to the developmental status of the country of origin based on the Human
Development Index (HDI) data published in the 2015 Human Development Report. The
HDI measures average achievements in three basic qualities of human development: A long
and healthy life, knowledge and decent standard of living. For classification of country
development the HDI is split into quartiles: VHD countries are the ones in the top quartile
whereas LD countries are located in the bottom quartile [6]. If available, the overall
male:female ratio was assessed. All reported p-values <0.05 were considered as statistically
significant. Statistical analysis was conducted with SPSS 23.0 for Windows and the t-test
was used to ascertain the statistical significance of differences of the sex ratios.

In total 46 studies were found fulfilling the inclusion criteria (Table 1). The absolute
majority of studies were from VHD countries (69%, n=32). Twenty two per cent were from
HD countries (n=10), only 4 (9%) studies from MD countries and no studies were available
from LD countries (figure 1). There were 26 (57%) multicenter studies and 20 (43%) single-
center studies. Figure 2 gives an overview on observed trends; figure 3 depicts which years
were covered by the studies. Figure 4 is a political world map on which countries of which
studies could be obtained are marked.

3.1 Trends in Burn Incidence

There were 11 studies from 10 countries (Australia, Bulgaria, China, the Czech Republic,
Finland, Iran, Israel, the Netherlands, the Oman and the United Kingdom) reporting an
increase of burn admissions or burn incidence rates [8,13-22]. In the majority of the studies
(26 studies from 16 countries — Australia, Austria, Canada, Chile, China, Germany, Hong
Kong, India, Japan, Mexico, the Netherlands, Singapore, South Africa, South Korea,
Sweden and the United States) a downwards trend of burn incidences has been described
[11,23-47]. Four studies could not detect any burn incidence trends at all [48-51].

3.2 Trends in Burn Severity

Few studies focused on injury severity. The majority of the studies focused solely on burn
size and did not take burn depth into account.

The attribute “inhalation injury” is not treated in this review since it is usually only
applicable in flame burns and thus only relevant for a specific group of injuries.

However, 15 studies from 10 countries (Australia, Austria, Bulgaria, Chile, China, Germany,
Israel, the Netherlands, Taiwan and the United States) reported a decrease of injury severity
[9,13,15,16,19,20,24,27,30,32,33,38,46,51,52]. In 2 studies, one from Canada [29] and one
from China [31], no trends of burn severity have been observed. There has been no study
reporting an increase of burn severity over the past years.

3.3 Trends in Length of Hospital Stay (LOS)

A decline of LOS was seen in 16 studies from 11 countries (Australia, Austria, Bulgaria,
China, Germany, Israel, the Netherlands, the Oman, Sweden, the United Kingdom, and the
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United States [15,19-23,25,27,32,33,38,44,46,47,52,53]). Six studies from 4 countries
(Canada, China, Israel and Singapore) described no temporal trends in LOS
[9,16,28,31,39,48].

Unfortunately, only 4 studies provided LOS/%TBSA. According to these LOS/%TBSA was
1.4-2.0 days at the beginning and declined to 0.5-1.4 days during the study periods
[20,27,38,46].

There have been no studies reporting an increase of LOS over time.

3.4 Trends in Burn-Related Mortality

In 22 studies from 13 countries (Australia, Austria, Canada, China, Germany, Israel,
Mexico, the Netherlands, the Oman, South Korea, Sweden, the United Kingdom and the
United States) a decrease of burn-related mortality has been reported [9,14,16,19,21—
23,25,27-29,32,33,37,38,43,44,46,47,52,54,55]. Four studies (from China, Finland, the
Netherlands and Singapore) could not detect any trends [8,20,31,41], and only in 1 study
from Bulgaria an increase of burn mortality has been observed [15].

3.5 Male:Female Ratio

The mean male:female ratio of all studies together was 1.92: 1.

The mean ratio of studies including patients of all ages was 2.08: 1. The mean pediatric ratio
was 1.56: 1 and thus significantly lower (p=0.021) than the mean sex ratio of studies
including only adults (2.06: 1, Figure 5).

The burn incident ratio according to countries’ developmental status was 1.98: 1 in VHD,
1.89: 1in HD and 1.43: 1 in MD countries. These differences were not statistically
significant.

4 Discussion

In general there has been a decrease of burn incidence and burn severity as well as an overall
reduction of mortality rates and LOS in recent years. A reduction of burn admissions and
mortality has initially also been described by Peck in an extensive review [56]. The results of
our literature research do not only correspond with these findings but also show that these
trends have been continuing.

Various explanations for the decrease of burn admissions could be found: In Australia, Duke
et al. discussed the decrease of burn admissions as a consequence of legislative changes,
successful prevention programs, and increased workplace safety [24]. In northeastern India
there was a significant reduction of burn incidence (as well as burn severity) amongst
students after they had undergone an elaborate burn prevention program. Sarma also found
that participants showed better awareness and better recall of preventive measures upon
questioning [11].
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Also increases of burn admissions have reported, notably from VHD countries where one
would normally have expected a decrease (e.g. England [22], the Netherlands [38] or Israel
[19]). For these developments the following could be found as an explanation:

Stylianou et al. discussed in their review of the relatively young International Burn Injury
Database (iBID) of England and Wales, that the recently pronounced increase in burn patient
workload was possibly due to delayed documentation of earlier cases. On the other hand,
also financial interests of burn units have been discussed as motivation for “overcorrect”
documentation [22].

Israel represents a special case: There were 5.4% more burn admissions in Israel in 2004—
2010 compared to 1997-2003 [19]; meanwhile the country’s population increased by 11.6%
between 2001 and 2007. The population growth rate was also relatively stable in the 1990s
and 2000s at approximately 2.5% per year [52]. So admission rates increased at a slower rate
than the population grew during that time, thus it is likely that overall burn incidence rates
were actually decreasing, while burn centers noticed an increase of admissions. The authors
however also pointed out that only the five burn units in Israel were included in the study, so
burn patients admitted to nonspecialized hospitals have not be taken into account [19].

Dokter et al. [38] found in their study in the Netherlands that admission rates to burn centers
were increasing (in part due to new referral criteria recommending referral of children with
burns > 5% TBSA), while admission rates to general hospitals as well as the overall burn-
incidence rate decreased over the same period.

The findings above show clearly that admission numbers reflect the actual burn incidence
rate only to certain extent. Furthermore, according to a study in North Carolina only 4% of
burn injuries are admitted to hospitals and only further 4% are transferred to specialized
burn units [57].

The increased referral of small burns has also contributed to the decrease of burn severity
noticed in Dutch burn centers. The strict adherence of non-burn emergency hospitals and
community physicians to the compulsory referral patterns of pediatric burns (changed from
<10% TBSA to <5% TBSA during the study period) was discussed as major reason for this
trend [20]. Similarly, lowering thresholds for referral of burns by community physicians
were discussed as reason for the decline of average burn size in the United States [53]. Also
Greenwood et al. took the increasing referral of small burns <10% to their burn unit in
Adelaide as reason for the decrease of burn size. Those burns would not have been referred
in the past while major burns have historically been the domain of specialized burn facilities
[13].

All in all it was noticeable that ever more minor burns are being admitted to specialized burn
facilities, be it compulsory by law or on one’s own authority. This development is certainly
convenient; a deep partial thickness or full thickness hand burn may only account for 1-2%
of the total body surface area. This injury may however cause severe physical (and further
also social) impairment later in life if not treated properly by best possible standards.
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HD countries like China seem to face a very specific problem which is described by
Yonggiang et al. [49]: with the country’s development, also burn rates were increasing and
current Chinese health care providers have to keep up with this development. Additionally
there is no obligatory health insurance in China. As a result, patients with burns requiring
professional treatment might not be able to afford expensive hospital stays and thus drop out
of patient records. A factor leading to increased pediatric burn admission rates in China was
discussed by Zhu et al. [16] who attributed this development to the increasing wealth of the
population as well as expanding governmental healthcare coverage, especially
reimbursements of hospital stays. Due to the one-child policy in China, it is possible that the
parents’ concern for the health of their only child contributed to increasing admissions of
also minor burns. Furthermore, Zhu and Hai Jun attributed the decrease of burn size in
Chinese children to the increase of scald burns which normally result in less extensive
injuries than flame burns [16,32].

According to the world health organization’s fact sheet of 2014, an estimated 265 000 fatal
burns occur annually [58]. Quite similar to our findings, also Peck described that a decline in
burn mortality rates had been observed in various regions [56].

There is a consensus that improved knowledge about the pathophysiology of burns and
advances in treatment, especially intensive care, renal replacement therapy, and nutritional
support are the main causes for the reduction of burn-related mortality [16,22,38]. Moreover,
improvements in infection control have contributed largely to the decline [21]. Also the
widely observed reduction of LOS was mainly due to advances in burn treatment (especially
early surgical therapy), new wound dressings (allowing for less frequent dressing changes,
and reduced infection rates), the increased referral of smaller burns mentioned earlier, and
last but not least the widely adopted policy of earlier discharge to outpatient management
[15,19,27,33,38,44,47].

Although one would think otherwise, Haik et al. found no evidence that a more aggressive
surgical management results in improved survival rates [9]. Duke et al. further stated that
there still is uncertainty whether elderly patients benefit in the same way of an early surgical
therapy as young and middle-aged burn victims do [23]. Furthermore, Duke [23] as well as
Macrino et al. [52] indicated that the improvement of mortality rates in older patients in their
studies was only marginal and partly due to a decrease of burn severity.

Pegg discussed earlier referral of burn injuries to specialized facilities (allowing for earlier
surgical treatment, nutritional support etc.) as main contributing factor to the decrease of
burn mortality [14]. Gomez et al. (Canada) further emphasized the value of teams
specialized in burn treatment: those include fellowship-trained burn surgeons working
together with critical care, anesthetists, and nursing staff. A different approach to burn care
has been pursued in Australia and the United Kingdom, where consultant burn surgeons
solely take care of surgical procedures and are seemingly not integrated into critical care,
quite the contrary to how burns are treated in Canada [29].

Burn mortality rates however, have to be treated with care, as most studies only take the in-
patient mortality into account while a certain proportion of patients dies at the scene of
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injury. In Greater Manchester for instance 35% of burn deaths occurred at places of
residence. Hussain et al. describe this phenomenon as “bi-modal distribution of burn
mortality” [55]. This bi-modal mortality distribution could also be observed in Sweden,
where in-hospital mortality declined over the past decades, while the number of patients
dying on the scene remained fairly stable [44,47].

Concerning the gender distribution of burns, the findings of this review indicate that children
of both genders are at near equal risk of sustaining burn injuries. Later in life, different
working environments and possibly also different leisure time activities contribute to the
relative increase of burn injuries in men. In older persons however, the differences seem to
decline again, like Akerlund et al. [44] could show in an 18 year retrospective study in
Sweden. The unequal gender distribution is however in contrast to the latest report published
by the world health organization according to which men and women have broadly similar
burn rates [58].

4.1 Strengths and Limitations

To the best of our knowledge this is one of the few reviews of worldwide burn trends. Even
though the material consisted of heterogeneous studies from numerous countries and settings
we believe that the study provides a good overview over current trends in burns. However,
there is a lack of studies from LD countries and thus, unfortunately many countries remain
“white spots” on the imagined world map of epidemiologic burn research (figure 4). The
lack of data from low development countries reflects the condition of medical supply these
countries are currently facing.

This review also clearly shows the need for national or international databases for burn
injuries for better evaluation of treatment and research. Examples are England and Wales’
international Burn Injury Database (iBID) [22], the American Burn Repository (ABR) [55],
the Burn Registry of Australia and New Zealand (BRANZ) [59] or the Dutch Burn
Repository [20,38].

5 Conclusions

Globally there has been a decrease of burn incidence, burn severity, burn mortality and LOS,
especially in VHD, HD and MD countries. In LD countries, due to the lack of data and
publications, it is hard to give an exact trend. Hence, studies on burn epidemiology should be
conducted especially in LD countries.

According to development status, countries face different tasks: While in very high
developed countries tertiary care is well established, there seems to be a lack of specialized
facilities in less developed countries. High developed countries like China face the challenge
of keeping up medically with the country’s rapid socioeconomic development.

Although the studies obtained for this review were heterogeneous regarding patient
populations, assessed parameters and observation periods some general conclusions could
still be made:
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. There has been a shift in burn care from general emergency hospitals to
specialized burn units/centers.

. Burn prevention programs seem to have a positive effect on both burn incidence
and injury severity.

. The decrease of injury severity is also created by the fact that there is a recent
trend of admitting also minor burns to specialized burn units resulting in a
relative increase of less severe injuries.

. Advances in burn treatment contributed largely to improved outcome and lower
in-hospital mortality.

The overall downwards trends in all categories reviewed are consistent with the hypothesis,
that increasing development leads to decreases of injury incidence and hence also burns.
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Highlights

A literature review was conducted regarding trends in burn epidemiology
worldwide.

There has been a downwards trend in burn incidence and injury severity.
Length of hospital stay and burn mortality have also declined.
There is a lack of data from low development countries.

Positive developments are due to advances in treatment and prevention of
burns.
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Continents, Studies, and Development Status. Only 4 studies could be obtained from MD

countries and none from LD countries.
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Worldwide trends in burns. Bars show the number of studies presenting a specific trend.
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Figure 4.
Countries of which studies describing trends could be obtained (grey) [©Map template:

www.outline-world-map.com].
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Male: female ratio according to age group (6 = Pegg, Australia, sex ratio 3.8: 1).

Burns. Author manuscript; available in PMC 2018 March 01.

Page 17



Page 18

Smolle et al.

Burns. Author manuscript; available in PMC 2018 March 01.

TTz | eunpeq auipaq | (Wdsp+821s) aulped | aseasou) e | otoz-z661 | aHA fsess| pleTlsiereH
TLT - - - | eseasuy GT> | 600z-500z | aH uel| [8Thwiey
TTT - - - | «2uread e | zooz-veer | aw eIpu| pliT]ewes
A - - - auPeQ GTS | S00z-€66T | AHA | Buoy BuoH [selosL ‘[vElBUIA
Tez | eueq | (NONauNcea (2z15) auldad | suyppaq Ile | 0T0z-T66T | QHA | Auewues [eeInosopoay L
6T pusn ON - - asealou| 1> | TT0Z-066T | QHA puejui pl8luexene
T:€C - - - | puenon 912 | ¥10z-500z | aH Jopeno3 [og]opeid-znio
18T - - - | eseanou ST> | 9002-966T | AHA | "ded yoezo pl2T]oM19D
T.LT | eupag #2UI93A | (ipdap+azis) sunpe@ | suipaeq ¥1> | 800z-0/6T | aH euyd pleelunt treH
Tz | pusnoN puas] ON (ez15) pusn oN | ,2U!IP2A Ie | 8002000z | aH 'ulyd [1€lbusyo
16T . 2ulPea pus.} ON AmN_mv*wc__uon_ . 9sealou v1s | otoz-1002 aH eulyd %.:EN
T:0€ - - - | puanon Ile | s002-T00Z | aH eulyo [6v]BuelbBuoA
TTT - - (tpdap) sunda@ auPeQ GT> | TT0Z-T002 | AQHA a|uD [ogroespioo
Tgz | LOURRd - (ez1s) pusnoN | sunoeq 1< | S002-966T | QHA epeue) [6z]zowos
Tiog | °UNPea puail ON - | »?urea 615 | €00z-v66T | QHA epeURD plezlouds
T:7'e - puas} ON - | pusnon unpe | 00z-G66T | AHA epeue) pl8rluoung
T asealnu| L 2ulpaa an?ﬁ_mv* auleq | eseasou e | tT0z-200z aH euebing plGTIenoxelez
18T aul9eq auleq (wpdap) aupag auPRa 815 | 2T0¢-886T | QHA eLIsny [2¢]doiL
1:8°€ autjoe@ - - asealou] lle | 2002-286T | AHA elfensny [yT166ad
T:87T - - (sz1s) suipaq | eseasdu| unpe | ¥002-966T | AHA eljensny [eTIpoomusain
T:8T aul%eq - auleq 092 | 800¢-€86T | QHA eljensny rlezling
TTE - - (ez1s) auippaa | aweq | 6z-ST | 8002-€86T | AHA elfensny elveleing
ST - - -| eupea 50 | 800z-€86T | AHA eljensny plozloina
Tz | eunpeq auIoeq - | L2uea e | 800z-€86T | QHA elfessny plseloina
4N | Aujeno SO Aaanas | souspioul | (£) aby pouad | 1QH Aaunoo Apms
{S1|NsaJ pue salpms
T 3lqelL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 19

Smolle et al.

(50°0>d) ueaubIs Ajjeonsiyels
«

‘A|UO SHUN 818D BAISUSIUI WO1J SYNS8I

q

‘Apnis E:S:.:Em

aHA sn plaslweyd

Tz - aujoaq - - e | ¥102-5002 | QHA sn pleslzwe
TzT | ,°UIea ,2UIea (2z15) , aulaq - 592 | 900z-T86T | QHA sn [zGlounioe
T:07 | LPUlRea K2UIRa (6215 Bulpa aulPaq 815 | 0T0Z-v.6T | AQHA sn [op]uewses
T - - - | ~3ueea lle | vooz-€66T | aHA sn plsvlzioyusbes
L 2unPea - - - ire | otoz-o000z | aHA SN plysluressny

T:LT | eudeq aulPaq - | eseasou Ie | TT02-€00Z | QHA N plezlnouenfis
75T - - (2z15) ,2ul%3a | puan oN Ie | cooz-2661 | aH uemel plrglbunt
177 | L2uN0ea Laulaa - | L8ueea e | vooz-z861 | aHA uspemg | elLvluossuor ‘pyvlpuniisny
T6Z | sunvag - - | eundeq Ie | z1oz-£00z | QHA | esioy yinos glevloas
- - - - auiPad €1> | 9002-L66T | QN | oLV yInos [evlueqiaH
T:8T | puaiLoN - - | eundeq Ie | sooz-cooz | amw | eousv ynog [Ty]anen
THT - - - auiPad €1> | 6002-G66T | QN | oLV yInos [oy]uossam
1:2'C | PUdILON pusiL ON - aue@ Ile | €002-L66T | QHA alodebuls [6€16uos
T:5T | eunveq auIPaq - | eseanou Ie | TT0z-286T | aH Uewo pliclisbeys-iv
- | pusnon suipaq | (Wdep+021s) auipea | aseasouy LTS | 200z-566T | QHA | spuepstieN ploz]suewaoin
16T | «°UId »2ulea (0z1s) sunppag |, 2U!PeA Ile | TT0Z-G66T | QHA | spuelauiaN el8elepioq
- | Leumea ) - | Loupea e | sooz-6261 aM 00IXeIN pl2€lousen-00z010
€T - - - aule@ 9> | 2002-€86T | AHA uedep [oclewy
1Tz | L2UlI%Ra pusnon | (tndep+az1s) auloaq - ire | eooz-266T | aHA |oes| pl6PireH
4N | Aureron Senl Auaanag | souspioul | () aby pouad | 1QH Anunoo Apms

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Burns. Author manuscript; available in PMC 2018 March 01.



	Abstract
	1 Introduction
	2 Material and Methods
	3 Results
	3.1 Trends in Burn Incidence
	3.2 Trends in Burn Severity
	3.3 Trends in Length of Hospital Stay (LOS)
	3.4 Trends in Burn-Related Mortality
	3.5 Male:Female Ratio

	4 Discussion
	4.1 Strengths and Limitations

	5 Conclusions
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1

