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Abstract
Background Burns are one of the most common injuries in daily life for all ages of population. This study
was to investigate the epidemiology and outcomes among burn patients in one of the largest burn
centers in the southwest of China.

Methods The study was performed at the Institute of Burn Research in the �rst a�liated with the Army
Medical University (AMU). A total of 17939 burn patients were included in this retrospective study.
Information regarding demographic, burn characteristics, and the burn severity of ABSI were collected,
calculated and compared.

Results The age ranged from 257 days to 95 years old. Scalding and �ame were the two most common
causes to burn injuries, comprising of 91.96% in total. Limbs, head/face/neck, and trunk were the most
frequently occurred burn sites, with the number and the percent of 12324 (68.70%), 7989 (44.53%), and
7771 (43.32%), respectively. The average total body surface area (TBSA) was 13.64±16.83% (median 8%)
with a range of 0.1~100%. A total of 874 (4.9%) patients had TBSA >50%. The presence of a burn with an
inhalation injury was con�rmed in 543 patients (3.03%). The average LOS was 32.11±65.72 days
(median: 17days). Eventually, the retrospective analysis resulted in the development of a framework of
burn management continuum used for developing strategies to prevent and manage severe burns.

Conclusions The annual number of burn injuries has kept decreasing, which was partially attributed to
the increased awareness and education of burn prevention and the improved burn-preventative
circumstances. However, the burn severity and the economic burden were still in a high level. And the
gender difference and age difference should be considered when making individualized interventions and
rehabilitative treatments. 

Introduction
Burns are one of the most common injuries primarily resulted from heat, but can also be due to radiation,
electricity, and chemicals [1]. Burns can be minor or life-threatening medical problems. In the European
Union, burns are one of the three most common “unintentional fatal injuries”, together with poisoning and
drowning (34.1%). It is reported that one in 1,442 Americans died from injuries exposure to �re, �ames, or
smoke.

In addition to enormous death of more than 250,000 annually, severe burn injuries can lead to
unavoidable complications including scarring, dis�gurement, physical disabilities, and require long-term
rehabilitation, reconstruction and anti-scar therapy [2]. These physical problems are great challenges to
maintain psychological health for patients and also cause major economic burden on family and society.
Studies showed that burn patients often experienced burn-associated abuse, stigma and rejection,
resulting in high occurrence of mental health disorders including post-traumatic stress disorder (30%),
anxiety (13 ~ 47%) and depression (23 ~ 61%) [3]. Moreover, burns are also among the most expensive
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traumatic injuries, because of long hospitalization and rehabilitation, and costly wound and scar
treatment [4].

The South-East Asian region including China is one of the three WHO regions with the greatest burden of
injuries, accounting for almost half of the worldwide burn deaths [5–7]. Studies are needed to investigate
the epidemiology, etiology and outcomes of burn patient populations in this region in order to further
improve the effects of preventive measures to mortality and deformities. As Peck et al. mentioned [8], a
detailed understanding of epidemiology is essential in order to take steps to prevent injuries. However,
most of the previous studies on burn epidemiology and outcomes are limited to vulnerable age groups
such as children [9–13] and elderly population or a speci�c type of burn such as thermal burns or
chemical burns [14, 15]. The adults between the age of 18 and 60 years old have not been fully studied
although they occupied the largest number of burn patients. Besides, their post-burn recovery and
rehabilitation becomes especially important considering the primary responsibilities they have taken to
society and family. Most of them are backbone of the family regarding physical, emotional and economic
support. This retrospective study has therefore been performed to investigate the burn epidemiology and
outcomes in southwest of China over a long-time span of 17 years (2002 ~ 2019), which in particular
analyzed the epidemiology and outcomes among young and middle-aged adults between 18 ~ 40 years
old.

Materials And Methods

Study setting
The data were collected in the Institute of Burn Research (IBR), located in the �rst a�liated with the Army
Medical University (AMU). This burn specialized center is one of the earliest department for burns in
China and one of the largest burn centers across the world with 150 inpatient beds (including 18 ICU
beds). An estimated of 1,300 burn patients are admitted to the center annually. The year of 2018 was the
60th anniversary of this center; and a lot of achievements on burn treatment have been reached including
the Chinese Rule of Nine, �uid resuscitation protocol, experience in inhalation injury, wound treatment
strategies, prevention and treatment of burn infections [16].

Another signi�cant achievement of this center was to develop the �rst and the biggest burn database in
the mainland of China. This database could directly access to the hospital information system (HIS), the
laboratory information management system (LIS) and the electronic medical record (EMR). This
database was established to provide a comprehensive and convenient access to the information of burn
inpatients and outpatients to clinical professionals and researchers (with access permission) for the
purpose of case review and therefore promoting clinical practice, research and burn prevention.

Data extraction
We reviewed all 18,138 cases with the diagnosis of burn admitted to the Institute of Burn Research
between January 2002 and December 2019. Fifty-one duplicates were removed according to name,
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gender and birth date; and another 148 records were excluded due to data missing. Eventually, a total of
17,939 cases were included for �nal analysis. Demographic and clinical information of burn patients
were collected including age, gender, burn size and depth, burn sites, inhalation injury and the outcomes
(including length of stay, length of stay in BICU, total cost and count of death).

Statistical analysis
The data were primarily entered and processed using Microsoft Excel 2010 (Microsoft Corporation). The
data analysis was performed and the �gures were drawn using the GraphPad Prism 5 (GraphPad
Software Inc, San Diego, CA). The software of Statistical Package for the Social Sciences 21 (SPSS Inc,
Chicago, IL) was adopted to analyse the descriptive statistics and headcounts. Pearson chi-square test or
Fisher’s exact test was used to compare the patient numbers in different groups. T-tests or one-way
ANOVA were used to compare two or more quantitative variables (e.g., LOS, LOS in ICU, cost, ABSI and BI
score), and Scheffe’s test was performed as a post-hoc test in the comparison of two groups. The
Abbreviated Burn Severity Index (ABSI) [11] and the index of burn severity (Burn Index, BI) were calculated
as follows: ABSI = Gender (female = 1, male = 0) + Age (0 ~ 20 = 1, 21 ~ 40 = 2, 41 ~ 60 = 3, 61 ~ 80 = 4, 80 
~ 100 = 5) + Inhalation injury (yes = 1, no = 0) + Full-thickness burns (yes = 1, no = 0) + Total body surface
area (TBSA) (1 ~ 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); BI = TBSA of the full-thickness burn%+ 1/2 TBSA of the deep
partial-thickness burn% [11].

Multiple linear regression of approach (entry: P = 0.05; removal: P = 0.10) was used to examine the factors
that interpreting the medical cost. Multiple logistic regression (entry: P = 0.05; removal: P = 0.10) was used
to screen the factors contributing to mortality. P values < 0.05 were considered signi�cant.

Results

1.1 Demographic characteristics
Table 1 and Fig. 1 illustrated the general characteristics of the burn patients investigated in this study.
The age of the 17,939 burn patients ranged from 257 days to 95 years old. The patients under the age of
18 years old accounted for the highest proportion of patients with a total number of 7192 (40.1%) and
followed by the number of young and middle-aged adults between 18 ~ 40 years old accounting for
nearly a third of all the patients (5383, 30.0%).
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Table 1
Distribution of demographics and clinical features by age and gender

Item Age p Gender p

≤ 17
(n = 
7192)

18–40
(n = 
5383)

41–60
(n = 
4265)

≥ 61
(n = 
1099)

Male
(n = 
12204)

Female
(5735)

Gender (%)              

Male 4340
(60.3)

4105
(76.3)

3129
(73.4)

630
(57.3)

< 
0.001

NA NA NA

Female 2852
(39.7)

1278
(23.7)

1136
(26.6)

469
(42.7)

  NA NA NA

Etiology (%)              

Scald 5393
(75.0)

1448
(26.9)

1363
(32.0)

401
(36.5)

< 
0.001

5068
(41.5)

3537
(61.7)

< 
0.001

Flame 1531
(21.3)

3334
(61.9)

2417
(56.7)

610
(55.5)

  5920
(48.5)

1972
(34.4)

 

Electrical 216
(3.0)

533
(9.9)

417
(9.8)

48
(4.4)

  1080
(8.8)

134
(2.3)

 

Chemical 4 (0.1) 13 (0.2) 10 (0.2) 3 (0.3)   23
(0.2)

7 (0.1)  

Other 48
(0.7)

55 (1.0) 58 (1.4) 37
(3.4)

  113
(0.9)

85
(1.5)

 

Head/Face/Neck
(%)

               

No 4307
(59.9)

2632
(48.9)

2262
(53.0)

749
(68.2)

< 
0.001

6440
(52.8)

3510
(61.2)

< 
0.001

Yes 2885
(40.1)

2751
(51.1)

2003
(47.0)

350
(31.8)

  5764
(47.2)

2225
(38.8)

 

Trunk (%)                

No 3604
(50.1)

3361
(62.4)

2512
(58.9)

691
(62.9)

< 
0.001

7005
(57.4)

3163
(55.2)

0.005

Yes 3588
(49.9)

2022
(37.6)

1753
(41.1)

408
(37.1)

  5199
(42.6)

2572
(44.8)

 

Limbs (%)                

No 2422
(33.7)

1674
(31.1)

1200
(28.1)

319
(29.0)

< 
0.001

3926
(32.2)

1689
(29.5)

< 
0.001

Yes 4770
(66.3)

3709
(68.9)

3065
(71.9)

780
(71.0)

  8278
(67.8)

4046
(70.5)
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Item Age p Gender p

≤ 17
(n = 
7192)

18–40
(n = 
5383)

41–60
(n = 
4265)

≥ 61
(n = 
1099)

Male
(n = 
12204)

Female
(5735)

Hands (%)                

No 6441
(89.6)

4331
(80.5)

3553
(83.3)

962
(87.5)

< 
0.001

10217
(83.7)

5070
(88.4)

< 
0.001

Yes 751
(10.4)

1052
(19.5)

712
(16.7)

137
(12.5)

  1987
(16.3)

665
(11.6)

 

Feet (%)                

No 6946
(96.6)

5056
(93.9)

3914
(91.8)

973
(88.5)

< 
0.001

11443
(93.8)

5446
(95.0)

0.002

Yes 246
(3.4)

327
(6.1)

351
(8.2)

126
(11.5)

  761
(6.2)

289
(5.0)

 

Perineum (%)              

No 6477
(90.1)

5200
(96.6)

4090
(95.9)

1045
(95.1)

< 
0.001

11414
(93.5)

5398
(94.1)

0.133

Yes 715
(9.9)

183
(3.4)

175
(4.1)

54
(4.9)

  790
(6.5)

337
(5.9)

 

Hip (%)                

No 5862
(81.5)

4972
(92.4)

3829
(89.8)

948
(86.3)

< 
0.001

10739
(88.0)

4872
(85.0)

< 
0.001

Yes 1330
(18.5)

411
(7.6)

436
(10.2)

151
(13.7)

  1465
(12.0)

863
(15.0)

 

1.2 Distribution of burns

Seasonality
Figure 1A showed a change of burn incidence over month in different age groups. For the elderly patients
over the age of 61 years old, the incidence of burns kept at an average level in every month. For adult
patients under the age of 60 years old, the burns that most frequently occurred were during summer
season from June to September while the occurrence stayed in a low level during autumn season from
October to December; and the number increased to the peak in July and reduced to the nadir in February.
For pediatric patients, burns occurred most frequently during Chinese spring festival of January and
February while in November it showed the lowest occurrence of burns.

Year
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A similar change trend was indicated in the Fig. 1B for the age groups of pediatric patients and adult
patients under the age of 60 years old, increasing �rst to the peak in 2011 and then kept dropping year by
year. However, for the elderly burn patients, the number has kept the trend of increase as the year went on.
As the Fig. 1C shown, the total number of burn patients kept increasing year by year until the year of 2013
and reached at a high level in the year of 2011 (n = 1496), 2012 (n = 1226), 2013 (n = 1423), and 2014 (n 
= 1323). Since then, the number began to drop, and the decrease kept going on, and reached at the nadir
in 2017 (n = 651).

Gender
The ratios of males to females presented a signi�cant decline across the seventeen years and kept
dropping from 2.59:1 in 2002 to 1.68:1 in 2017, with a slight increase after that in 2018 and 2019
(Fig. 1D). Moreover, among the adult patients between the age of 18 and 40 years old, the number of
male patients was far larger than that of female patients with an estimated ratio of 3.22:1 (Table 1).

Age, gender and season difference on burn causes
Scalding was the leading cause of burns, accounting for nearly a half of all cases (48.0%), and the
second most common cause was �ame, accounting for 44.0% of all patients. Electrical, chemical, and
other types of burns accounted for 6.8%, 0.2%, and 1.1% of all the patients, respectively (Table 1).

Scalding and �ame were indicated as the two most common causes of burns in all groups. However, the
leading cause of burns was signi�cantly different in pediatric patients and adult patients. The cause of
scalding was in the �rst place among pediatric patients, with the number accounting for almost three
fourth of all the patients (5393, 75.0%) (Fig. 2B and Fig. 3B); in comparison, �ame was the most common
cause of burns in adult patients under the age of 60 years old (5751, 59.61%) (Fig. 2C and Fig. 3B).

It was also showed the gender difference on the causes of burns. The incidence of burns caused by
�ames was signi�cantly larger than the burns caused by scalding among male patients (48.24% versus
41.08%, P < 0.001); while the burn caused by scalding was signi�cantly larger than that caused by �ames
among female patients (61.04% versus 33.41%, P < 0.001) (Fig. 3A).

As shown in the Fig. 2B, �ame burns in pediatric patients occurred most frequently in January and
February. The incidence of burns caused by scalding stayed in a high level across spring and summer
seasons from March to August compared to a low level in the autumn season from October to November.
Different from the pediatric patients, the number of burns caused by �ame and scalding in adult patients
was both reaching at the nadir in February (Fig. 2C). And the number of scalding burns reached at peak in
July while the �ame burns stayed in a high level across spring and summer seasons from March to
September. Like the pediatric patients, the incidence of �ame burns in the elderly patients aged over
60 years old reached at the peak in February and reached at the nadir in October (Fig. 2D). Regarding the
scalding burns, there were three periods with high level of incidence: from February to March, from June
to August, and the month of December.

1.3 Burn sites
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As shown in Table 1, Limbs, head/face/neck, and trunk were the most frequently occurred burn sites, with
the number and the percent of 12324 (68.7%), 7989 (44.5%), and 7771 (43.3%), respectively. The top three
burn sites in all adult patients aged 18 years old and above were in sequence of limbs (7554, 70.3%),
head/face/neck (5104, 47.5%) and truck (4183, 38.9%); the top three burn sites in pediatric patients were
in sequence of limbs (4770, 66.3%), trunk (3588, 49.9%) and head/face/neck (2885, 40.1%).

1.4 Burn severity and cure rates
The average total body surface area (TBSA) was 13.64 ± 16.83% (median 8%) with a range of 0.1 ~ 100%.
Patients with TBSA of 0 ~ 10% and 11 ~ 20% accounted for 11296 (62.97%) and 3496 (19.49%) of all
cases, respectively. A total of 874 (4.87%) patients had TBSA > 50%. With the improvement of burn
treatment, the cure rates of burn patients have continuously increased in the last 17 years. As shown in
Table 2, the results indicated great improvements in treatment outcomes in our burn center. The cure
rates among patients with ≤ 90% TBSA remained a high level from 78.30–99.59%. For severe burns with
≥ 91% TBSA, the cure rates have dramatically increased from 23.08% in 2002–2005 to 76.47% in 2016–
2020.

Table 2
The distribution of cure rates by burn severity

Cure Rates Burn severity

≤ 50% TBSA 51–70% TBSA 71–90% TBSA ≥ 91% TBSA

2002–2005 99.49% 91.86% 80.00% 23.08%

2006–2010 99.59% 93.64% 80.90% 54.29%

2011–2015 99.11% 94.08% 78.30% 51.35%

2016–2020 98.02% 89.13% 85.11% 76.47%

The Table 3 presented the burn severity of ABSL index in different age groups. The results suggested that
the elderly patients were most likely to suffer severe burns compared to other age groups. The majority of
the pediatric patients (4890, 68.0%) had a very low ABSL burn score; while the majority of the adult
patients under the age of 60 years old had a moderate to severe ABSL burn score (7576, 78.5%). The
elderly patients had a moderately severe to serious ABSL burn severity.
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Table 3
Distribution of burn severity by age

ABSI burn score
(%)

Age Gender

≤ 17(n = 
7192)

18–40 (n 
= 5383)

41–60 (n 
= 4265)

≥ 61 (n = 
1099)

Male (n = 
12204)

Female (n 
= 5735)

Very low (2–3) 4890
(68.0)

1723
(32.0)

0 0 5281
(43.3)

1332 (23.2)

Moderate (4–5) 1886
(26.2)

2728
(50.7)

2586
(60.6)

137
(12.5)

4630
(37.9)

2707 (47.2)

Moderately
Severe (5–6)

305 (4.2) 444 (8.2) 1006
(23.6)

715
(65.1)

1255
(10.3)

1215 (21.2)

Serious (6–7) 75 (1.0) 200 (3.7) 298 (7.0) 160
(14.6)

459 (3.8) 274 (4.8)

Severe (8–9) 21 (0.3) 141 (2.6) 173 (4.1) 54 (4.9) 279 (2.3) 110 (1.9)

Maximum (≥ 
10)

15 (0.2) 147 (2.7) 202 (4.7) 33 (3.0) 300 (2.5) 97 (1.7)

1.5 LOS and cost
The presence of a burn with an inhalation injury was con�rmed in 543 patients (3.02%) (Table 4), with the
lowest occurrence rates in pediatric patients (0.8%). The average LOS was 32.11 ± 65.72 days (median:
17 days). The adult patients aged between 18 and 60 years old con�rmed the longest length of stay in
hospital with more than 40 days. The length of staying in BICU was signi�cantly higher in burn patients
between the age of 40 to 60 years old. A signi�cantly longer stay in hospitals and BICU were revealed
among male patients compared to female ones, with an average of 9 days longer in hospital and 0.5 day
longer in BICU. Patients injured by �ame and electrical burns spent signi�cantly longer time in hospitals
and BICU, compared to those patients caused by scald, chemical and other reasons, with an average of
more than 20 days longer.
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Table 4
Distribution of burn severity and burn outcomes by age, gender and etiology

  With
Inhalation
Injury

N (%)

Length of
Stay (LOS)

Mean (SD)

Length of
Stay in ICU

Mean (SD)

Cost

Mean (SD)

ABSI

Mean
(SD)

BI

Mean
(SD)

Age
(years)

≤ 17

18–40

41–60

≥ 61

P Value

55 (0.8)

201 (3.7)

237 (5.6)

50 (4.5)

0.001

19.20 (24.70)

43.22 (92.38)

42.10 (74.60)

23.47 (31.11)

< 0.001

0.43 (3.48)

1.51 (10.24)

2.38 (11.49)

1.62 (8.88)

< 0.001

18176.31
(46418.67)

68136.20
(182373.57)

93133.29
(222298.82)

45121.61
(93454.13)

< 0.001

3.27
(1.34)

4.58
(2.16)

5.93
(2.28)

6.90
(1.69)

< 
0.001

6.98
(8.30)

9.58
(15.19)

10.92
(16.37)

8.19
(12.24)

< 0.001

Gender

Males

Females

P Value

421 (3.4)

122 (2.1)

< 0.001

35.68 (75.34)

24.52 (36.70)

< 0.001

1.47 (9.26)

0.91 (6.80)

< 0.001

61631.94
(174901.19)

33504.29
(98215.40)

< 0.001

4.31
(2.31)

4.95
(1.97)

< 
0.001

9.24
(13.93)

7.77
(11.16)

< 0.001

Etiology

Scald

Flame

Electrical

Chemical

Other

P Value

40 (0.5)

497 (6.3)

6 (0.5)

0 (0.0)

0 (0.0)

0.001

20.85 (31.03)

40.41 (85.23)

58.70 (87.10)

25.67 (20.23)

28.56 (28.30)

0.001

0.45 (3.90)

2.19 (11.56)

1.61 (9.68)

0.50 (2.39)

0.14 (1.65)

0.001

24468.55
(81919.96)

78666.34
(203600.83)

87808.60
(164214.98)

33719.24
(45986.66)

26795.12
(35890.99)

0.001

3.91
(1.77)

5.17
(2.61)

4.48
(1.27)

4.73
(1.48)

4.73
(1.30)

0.001

6.65
(9.15)

11.83
(16.49)

5.08
(8.38)

5.64
(7.58)

2.20
(2.72)

0.001

Table 5 showed the multiple linear regression of factors contributed to total medical cost. The
demographics, BI, full-thickness burns, length of stay in hospital and BICU were included as contributors.
The results showed that electrical burns, the gender of male, and the middle age between 41 and 60 years
old had signi�cant association with high medical cost.
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Table 5
Multiple linear regression of factors to the total medical cost

  β (95%CI) SD P

Constant -27998.00 (-31996.72, -23999.29) 2040.06 < 0.001

BI 4123.07 (3987.55, 4258.58) 69.14 < 0.001

Length of stay 712.91 (687.50, 738.33) 12.97 < 0.001

Length of stay in ICU 5864.59 (5674.09, 6055.09) 97.19 < 0.001

Full-thickness burns 9823.20 (6269.06, 13377.35) 1813.25 < 0.001

Year of admission 4678.24 (4354.62, 5001.85) 165.10 < 0.001

Age      

≤ 17 Ref Ref Ref

18–40 11862.1 (7818.56, 15905.63) 2062.93 < 0.001

41–60 26798.12 (22567.95, 31028.28) 2158.14 < 0.001

≥ 61 8756.1 (1972.08, 15540.12) 3461.07 < 0.05

Gender      

Male Ref Ref Ref

Female -6618.99 (-9953.09, -3284.88) 1700.99 < 0.001

Etiology      

Flame Ref Ref Ref

Scald 992.81 (-2573.38, 4559.00) 1819.40 0.585

Electrical 20719.93 (14064.98, 27374.88) 3395.22 < 0.001

Chemical -2738.52 (-39812.77, 34335.74) 18914.50 0.885

Others 6514.43 (-8239.52, 21268.38) 7527.15 0.387

1.6 Mortalities
In total, there were 145 deaths among the 17939 patients, for a mortality of 0.81%. Our results showed in
Table 6 that older age with more than 41 years old had the greatest in�uence on mortality (OR = 3.38, P < 
0.001), followed by full-thickness burns (OR = 3.09, P < 0.05) and older age with more than 61 years old
(OR = 2.88, P < 0.05). Moreover, a shorter length of stay in hospitals (OR = 0.97, P < 0.001) and female
gender (OR = 0.57, P < 0.05) were protective factors for mortality.



Page 12/21

Table 6
Logistic regression of factors related to the mortality

  β SE OR 95% CI P

BI 0.07 0.00 1.08 (1.07, 1.09) < 0.001

Length of stay -0.03 0.01 0.97 (0.96, 0.98) < 0.001

Length of stay in ICU 0.02 0.01 1.02 (1.01, 1.04) < 0.05

Full-thickness burns 1.13 0.35 3.09 (1.56, 6.12) < 0.05

Year of admission -0.18 0.03 0.83 (0.79, 0.88) < 0.001

Age          

≤ 17 Ref Ref Ref Ref Ref

18–40 0.64 0.35 1.91 (0.96, 3.78) 0.065

41–60 1.21 0.34 3.38 (1.72, 6.63) < 0.001

≥ 61 1.06 0.49 2.88 (1.10, 7.51) < 0.05

Gender          

Male Ref Ref Ref Ref Ref

Female 1700.99 0.27 0.57 (0.34, 0.97) < 0.05

1.7 Framework of severe burn management continuum
Figure 4 described the model of burn management continuum used for developing strategies to prevent
and manage severe burns. This model was designed to decrease burn injuries to populations, and
promote recovery and rehabilitation to burn patients. It was worthy to note that this model presented a
continuous process of burn management from the stage of burn prevention to burn treatment and �nally
to burn rehabilitation and reconstruction.

Prevention was the process designed to prevent or minimize the risks related to burn injuries. As our data
showed, with the improvement of burn prevention strategies, the number of burn injuries has
continuously declined since the year of 2011 (Fig. 1C). Notably, the effect of gender, age and seasonality
on occurrence of burn injuries was signi�cant. Another factor should be considered was the top two
causes of burn injuries: scalding and �ame. All these results suggested a prevention strategy should be
tailored according to the population’s characteristics. For example, the public education should be
different between teenagers and the elderly.

The phase of in-hospital treatment encompassed the immediate actions taken in the face of a severe
burn. The six aspects and related strategies in the framework were developed on the basis of our
accumulated and extensive experience through treatment of large number of cases. Most importantly,
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these aspects have drawn from clinical and basic research and from the experience of translating the
basic �ndings into clinical practice. Some strategies such as estimation of burn area, �uid resuscitation
protocol and energy formula were developed and tailored according to the characteristics among Chinese
populations.

The phase of rehabilitation was important for severe burn patients to recover from the impact of burns
and return to society. Once immediate needs were met, the rehabilitation phase could begin. Our institute
was one of the pioneers of implementing early rehabilitation for burn patients in Mainland China. The
burn rehabilitation have gained increase attention since 1995 in our center, and a whole �oor of special
burn rehabilitation center was established in 2011, comprising of multidisciplinary team including
doctors, nurses, rehabilitation specialists, nutritional therapist, psychological counselors & social workers.

Discussion
Burn patients accounted for a large proportion of hospitalized injury patients worldwide. They suffered
from great physical and psychological burden because of the associated morbidity, rehabilitation,
mortality and requirement of high cost medical services. Therefore, investigations on epidemiological
parameters related to burns and treatment outcomes could assist with the adoption of effective
interventions and individualized prevention approaches in southwest China. In particular, this study
focused on the clinical characteristics and treatment outcomes of different age groups of burn patients.
The primary result we found was that the annual number of burn injuries has kept decreasing since the
year of 2014, which was consistent with the global trends [17, 18]. This change might be partially
attributed to the increased awareness and education of burn prevention and the improved burn-
preventative environment. Another notable �nding was that the gender difference and age difference
should be considered when making individualized interventions and rehabilitative treatments. The
etiology, the frequently burn sites, the occurrence rate of inhalation injury, the LOS, the cost and the
mortality rates were signi�cantly different between male patients and female patients, and among
patients of different age groups. However, the burn severity showed by the indicators of TBSA, ABSI and
BI, and the economic burden indicated by the medical cost were still in a high level, which suggested that
the current prevention and care of burns remained inadequate, demonstrating that more effective
interventions should be introduced in the future.

Same as the results from other studies [19–21], scalding and �ame were identi�ed as the two most
common causes of burning in the southwest of China. Furthermore, the age difference and gender
difference on etiology should be noticed. Firstly, considering the age difference, the scalding was in the
�rst cause to burn injuries among pediatric patients, comprising of 74.24% of all cases under the age of
18 years old. Scald burns were primarily caused by hot steam, hot water, hot soup and hot oil. This
suggested that hot steam and hot �uid should be cautioned among children population. In contrast,
�ame burns were the leading etiology in adult patients. The patients between the age of 18 and 40 years
suffered most from �ame burning, accounting for 62.07% of all the cases in this age group. Flame
injuries were mainly generated by gas and bomb explosion, short circuit of electricity and �reworks.



Page 14/21

Secondly, considering the gender difference, the incidence of burns caused by �ames was signi�cantly
larger than those caused by scalding among male patients; while the burns caused by scalding was
signi�cantly larger than those caused by �ames among female patients. Electricity was the third most
common cause of burns in the pediatric population and the adult patients under the age of 60 years old;
while chemical burns was the third cause in the elderly population above the age of 60 years old. It was
worthwhile to note that although the �ame and scald were the �rst two etiologies of burn injuries, the
electrical burn was the one that costed the highest medical expense (Table 5). According to the previous
studies, this was likely because that 10 ~ 68% [22] of the electrical burns resulted in amputation, which
increased the medical cost. The above �ndings indicated that burn education was necessary for the
population of all ages, and particularly preventive strategies should be individualized by age, gender, and
burn causes. For example, children were curious about their surroundings but they were too young to be
aware of burn-related dangers. Therefore, it was their parents or guardians as the main target of
education about providing safe environment and eliminating possible burn dangers to their children, such
as putting the hot water or oil away from children and protecting the electrical plugs in case of electricity
burns.

Our �ndings demonstrated that the adult patients aged between 18 and 60 years old were the main
victims of burn injuries, accounting for 53.8% of the total cases. The �rst cause to burns in this
population was the �ame, followed by scald, and then the electricity. This may relate to the potential burn-
related hazards in work place.[15] In particular, the number of male patients at this age was signi�cantly
larger than that of female patients, with the ratio of three to one (Table 1). Moreover, almost half of those
patients were self-funded on the medical expense; and the male patients spent signi�cantly more money
on treatment compared to the cost among female patients. Furthermore, the sites of head/face/neck,
trunk and limbs were the most signi�cantly parts of body that burn occurred. During the process of post-
burn recovery and rehabilitation, the scar was a notable problem. The scar on head/face/neck will
in�uence the facial appearance, and the scar on limbs will affect the physical functions. All of these
results suggested that the adult patients especially the male patients should become the major
prevention target in the future considering their responsibilities to the family and society. Additionally, the
early rehabilitation on physical abilities should be emphasized.

When great awareness and focus has been placed on the elderly and young children, the population of
females should be also considered as a vulnerable group of burn injuries and worthy of increased
attention. It was interesting to �nd out that the percentage of female burn patients increased annually
despite of the decreased number of the overall adult patients (Fig. 1D). It suggested that the risk for
Chinese females to suffer from burn injuries kept increasing. After further analysis of the etiology, we
found that scalding was the priority cause to burns in females, accounting for over 60 percent of the total
female patients (Table 1). Surprisingly, in another developing country India, similar �nding has been
reported before that Indian population of young females between the ages of 16 and 35 years were high-
risk of burning. The reason lied in that females cooked over open �ames at �oor level, often with faulty
equipment and loose clothing susceptible to catching �re. Based on years of clinical experience on burn
center, our research team has discussed the reasons for the high risk of burning in Chinese females.
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Considering the priority etiology of scalding, we assumed the �rst reason was that women still took the
main responsibility of cooking for the family, so they were more likely exposure to hot water/oil and
cooking �ames compared to men. Secondly, more and more women were involved in the workforce. The
results showed that the labor force participation rate in Chinese females reached 70% [23]. And the
chance of exposure to burn risks was increasing if the precautions were not su�cient in the workplace.
The third reason we considered may be due to the culture factor of gender inequality in developing
countries. Women in those countries such as India and China were mainly work in the areas with
relatively high risk of burn injuries such as housemaid and catering services.

Building on the previous �ndings [18] of that the burn size determining major complications and survival
rates, this study also identi�ed that the burn size contributed to the total cost of burn patients according
to burn index (BI). BI was an indicator of burn severity calculated on the basis of TBSA. In Dr. Jeschke
and Prof. Herndon’s study of an sample of 952 severely burned pediatric patients, they con�rmed that
burn size of 62% TBSA was a crucial threshold for post-burn morbidity and mortality [24]; and the cost of
burn treatment was increasing accordingly. Besides the TBSA, ABSI, and BI, there were other indicators
developed to predict burn outcomes such as the modi�ed Baux score [25] and the Pediatric Risk of
Mortality (PRISM) score [26]. Most of these indices were formula developed by calculating risk factors for
post-burn morbidity and mortality. For example, the Baux score was calculated in consideration of age,
burn size and the presence of inhalation injury. Further analysis and comparisons were needed to �gure
out which of the above indicators would be more accurate and effective in predicting mortality and
hospital length of stay among patients with burns.

Some limitations should be noted when interpreting these �ndings. First, due to system default, we could
not access to the data of other poor outcomes such as infection and sepsis. Therefore, we failed to �nd
out the risk factors contributed to these poor outcomes. However, our research team is now conducting a
longitudinal study trying to investigate risk factors for these poor outcomes in Chinese burn patients.
Another limitation was that our data only partially re�ected the epidemiology of burn injuries in southwest
of China, and the patients in this study mainly originated from Chongqing, Sichuan, Yunnan and Guizhou
Province. Due to unequal economic development between the south cities and the east cities in China, the
�ndings cannot represent the status in the eastern cities of China. Therefore, more studies with large
sample sizes and multiple centers are still needed. Thirdly, since our center is in a tertiary hospital, so
some of the severe burn patients have received treatments from other hospitals before they were
transferred into our center. Therefore, the burn severity observed in our study might be higher than
average.

Conclusion
This 17-year retrospective study examined the epidemiology and outcomes of burn patients in southwest
of China. The annual number of burn injuries has kept decreasing, which was partially attributed to the
increased awareness and education of burn prevention and the improved burn-preventative
circumstances. However, the burn severity and the economic burden were still in a high level. And the
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gender difference and age difference should be considered when making individualized interventions and
rehabilitative treatments.

Abbreviations
AMU: Army Medical University; IBR: Institute of Burn Research

HIS: Hospital Information System; LIS: Laboratory Information Management System EMR: Electronic
Medical Record; ABSI: Abbreviated Burn Severity Index

BI: Burn Index; TBSA: Total body surface area; LOS: Length of Stay

Declarations

Ethics approval and consent to participate
Our study has received ethics approval from the �rst a�liated hospital of Army Medical University
(approval number: KY201904).

Consent for publication
Not applicable.

Availability of data and materials
The datasets used and/or analysed during the current study are available from the corresponding author
on reasonable request.

Competing interests
The authors declare that they have no competing interests.

Funding
This study was supported by Army Medical Science and Technology Programme [grant number
20QNPY005] and by Miaopu Talent Project of Army Medical University [grant number 4103010530]. The
sponsor or funding organization had no role in the design or conduct of this research, data analysis or
manuscript preparation.



Page 17/21

Authors' contributions
CL, HX, WZ, XJ and LN designed the study. LN, LJ and LY acquired the data. CL, WZ, HX, CX and LN
analyzed and interpreted data. This manuscript was originally prepared and written by CL and ZW, with
edits and revisions from all other authors. All authors read and approved the �nal manuscript.

Acknowledgements
Not applicable.

References
1. Li H, Yao Z, Tan J, Zhou J, Li Y, Wu J, Luo G. Epidemiology and outcome analysis of 6325 burn

patients: a �ve-year retrospective study in a major burn center in Southwest China. Sci Rep.
2017;7:46066.

2. Smolle C, Cambiaso-Daniel J, Forbes AA, Wurzer P, Hundeshagen G, Branski LK, Huss F, Kamolz LP.
Recent trends in burn epidemiology worldwide: A systematic review. Burns. 2017;43(2):249–57.

3. Wiechman SA, Patterson DR. ABC of burns. Psychosocial aspects of burn injuries. Bmj.
2004;329(7462):391–3.

4. Brusselaers N, Monstrey S, Vogelaers D, Hoste E, Blot S. Severe burn injury in Europe: a systematic
review of the incidence, etiology, morbidity, and mortality. Crit Care. 2010;14(5):R188.

5. Tripathee S, Basnet SJ. Epidemiology of burn injuries in Nepal: a systemic review. Burns Trauma.
2017;5:10.

�. Boerma T, Mathers CD. The World Health Organization and global health estimates: improving
collaboration and capacity. BMC Med. 2015;13:50.

7. Golshan A, Patel C, Hyder AA. A systematic review of the epidemiology of unintentional burn injuries
in South Asia. J Public Health (Oxf). 2013;35(3):384–96.

�. Peck MD, Kruger GE, van der Merwe AE, Godakumbura W, Oen IM, Swart D, Ahuja RB. Burns and
injuries from non-electric-appliance �res in low- and middle-income countries Part II. A strategy for
intervention using the Haddon Matrix. Burns. 2008;34(3):312–9.

9. Kai-Yang L, Zhao-Fan X, Luo-Man Z, Yi-Tao J, Tao T, Wei W, Bing M, Jie X, Yu W, Yu S. Epidemiology
of pediatric burns requiring hospitalization in China: a literature review of retrospective studies.
Pediatrics. 2008;122(1):132–42.

10. Wang S, Li D, Shen C, Chai J, Zhu H, Lin Y, Liu C. Epidemiology of burns in pediatric patients of
Beijing City. BMC Pediatr. 2016;16(1):166.

11. Li H, Wang S, Tan J, Zhou J, Wu J, Luo G. Epidemiology of pediatric burns in southwest China from
2011 to 2015. Burns. 2017;43(6):1306–17.



Page 18/21

12. Tan A, Smailes S, Friebel T, Magdum A, Frew Q, El-Muttardi N, Dziewulski P. Smoke inhalation
increases intensive care requirements and morbidity in paediatric burns. Burns. 2016;42(5):1111–5.

13. Williams FN, Herndon DN, Hawkins HK, Lee JO, Cox RA, Kulp GA, Finnerty CC, Chinkes DL, Jeschke
MG. The leading causes of death after burn injury in a single pediatric burn center. Crit Care.
2009;13(6):R183.

14. Ye C, Wang X, Zhang Y, Ni L, Jiang R, Liu L, Han C. Ten-year epidemiology of chemical burns in
western Zhejiang Province, China. Burns. 2016;42(3):668–74.

15. Li H, Tan J, Zhou J, Yuan Z, Zhang J, Peng Y, Wu J, Luo G. Wound management and outcome of 595
electrical burns in a major burn center. J Surg Res. 2017;214:182–9.

1�. Li H, Zhou J, Peng Y, Zhang J, Peng X, Luo Q, Yuan Z, Yan H, Peng D, He W, et al. The progress of
Chinese burn medicine from the Third Military Medical University-in memory of its pioneer, Professor
Li Ao. Burns Trauma. 2017;5:16.

17. Peleg K, Goldman S, Sikron F. Burn prevention programs for children: do they reduce burn-related
hospitalizations? Burns. 2005;31(3):347–50.

1�. Seo DK, Kym D, Yim H, Yang HT, Cho YS, Kim JH, Hur J, Chun W. Epidemiological trends and risk
factors in major burns patients in South Korea: a 10-year experience. Burns. 2015;41(1):181–7.

19. Ciftçi I, Arslan K, Altunbaş Z, Kara F, Yilmaz H. Epidemiologic evaluation of patients with major burns
and recommendations for burn prevention. Ulus Travma Acil Cerrahi Derg. 2012;18(2):105–10.

20. Iqbal T, Saaiq M, Ali Z. Epidemiology and outcome of burns: early experience at the country's �rst
national burns centre. Burns. 2013;39(2):358–62.

21. Yates J, McKay M, Nicholson AJ. Patterns of scald injuries in children–has anything changed? Ir
Med J. 2011;104(9):263–5.

22. Arnoldo B, Klein M, Gibran NS. Practice guidelines for the management of electrical injuries. J Burn
Care Res. 2006;27(4):439–47.

23. Chen YY, Chen M, Lui CSM, Yip PSF. Female labour force participation and suicide rates in the world.
Soc Sci Med. 2017;195:61–7.

24. Kraft R, Herndon DN, Al-Mousawi AM, Williams FN, Finnerty CC, Jeschke MG. Burn size and survival
probability in paediatric patients in modern burn care: a prospective observational cohort study.
Lancet. 2012;379(9820):1013–21.

25. Osler T, Glance LG, Hosmer DW. Simpli�ed estimates of the probability of death after burn injuries:
extending and updating the baux score. J Trauma. 2010;68(3):690–7.

2�. 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;39(6):1048–53.

Figures



Page 19/21

Figure 1

Patient demographic distribution. (A) Distribution of different age groups of patients by months. (B)
Distribution of different age groups of patients by years. (C) Distribution of the number of the total
patients by years. (D) The distribution of the ratio of male to female by years.
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Figure 2

Distribution of burn causes by months in different age groups. (A) in total patients. (B) in patients under
the age of 18 years old. (C) in patients aged between 18 and 60 years old. (D) in patients above the age
of 60 years old.
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Figure 3

Etiology analysis. (A) Distribution of etiology by ages. (B) Distribution of etiology by gender.

Figure 4

Burn prevention and management continuum.


