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PROFILE AND OUTCOME OF BURN INJURIES AMONGST
PRESCHOOL CHILDREN IN A DEVELOPING COUNTRY

BRULURES CHEZ LES ENFANTS D’AGE PRE-SCOLAIRE DANS LES
PAYS EN DEVELOPPEMENT

Nguyen N.L.,* Ngo M.D.

National Burn Hospital, Hanoi, Vietnam

SUMMARY. The aim of this study was to investigate characteristics, outcomes and risk factors for death
from burn in preschool children. A retrospective study was conducted on 3688 preschool burn children ad-
mitted to the National Burn Hospital from 1/1/2016 to 31/12/2018. Collected data included patient demo-
graphics and burn characteristics. Bivariate and multivariate analysis was conducted to determine
independent risk factors for death. Results showed that preschool children accounted for 78.8% of total ad-
mitted burn children. The main causal agent was scald. Boys were predominant, and 76.5% patients lived
in rural areas. The highest number of burn accidents occurred in winter. In addition, average burn surface
area was of 8.8% total body surface area (TBSA) and 43.5% of patients suffered deep burn injury. Overall
mortality rate was 0.5% with LA50 of 81.7% and 49.1% for full thickness burn area. A significantly higher
mortality rate was seen in patients with inhalation injury. Compared to survivors, patients who died had a
significantly larger burn surface area and larger deep burn area. Multivariate logistic analysis for death in-
dicated that presence of inhalation injury and increased burn extent were independent risk factors for death.
Inhalation injury resulted in a 3.4 probability unit of death. In conclusion, preschool burn injuries were more
common in boys living in the countryside and were mostly caused by scald, with a high proportion of deep
injuries. Except for in cases of extensive burn, inhalation injury was not common but was still the main
cause of death.
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RESUME. Le but de ce travail rétrospectif réalisé entre le 1/1/2016 et le 31/12/2018 sur 3 688 enfants hos-
pitalisés dans [’hopital briilologique national était d’étudier les caractéristiques, [’évolution et les détermi-
nants de mortalité (analyse multivariée) des briilures touchant des enfants d’dge pré- scolaire. Ces enfants
comptent pour 78,8% des admissions pédiatriques. L’ ébouillantement est le mécanisme prédominant. Les
gargons sont plus touchés ; 76,5 % des patients habitent en milieu rural et les briilures sont plus fréquemment
hivernales. La surface briilée moyenne est de 8,8% et 43,5% des patients ont des atteintes profondes. La
mortalité est de 0,5% avec une DL50 de 81,7% dont 49,1% de profond. En analyse multivariée, |’ augmen-
tation de surface briilée et l’'inhalation de fumées (OR 3,4) sont des facteurs indépendants de risque de mor-
talite. Les brilures survenant a l’dge préscolaire sont donc des ébouillantements de gar¢ons ruraux,
fréquemment profonds. L’inhalation de fumées est donc rare mais reste un facteur de risque mortalite.
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Introduction

Burns are common among children, who according
to world-wide reports account for about 40-60% of
total hospitalized burn patients, the percentage being
especially higher in the developing world.'* Preschool
children (0-6 years) are vulnerable to burn injuries be-
cause of their limited knowledge and recognition of in-
jury, protection methods and first aid.* In addition, the
visceral organs of preschool children are immature, es-
pecially their immunologic and respiratory systems,
and this could influence manifestation and outcomes
compared to older children.>®’ To date, many authors
have reported epidemiological characteristics and out-
come among pediatric burn patients, but few reports
mention burn patterns among preschoolers 310111213 Ty
this study we investigated burn features, outcomes and
risk factors for death among preschool children admit-
ted to the Vietnam National Burn Hospitals over the
three-year period 2016 to 2018.

Methods

A retrospective study was conducted on all burn
children from 0 to 6 years of age admitted to the Na-
tional Burn Hospital over a three-year period from
1/1/2016 to 31/12/2018. Collected data included patient
demographics such as age, gender, burn causal agents,
the season and month that burn occurred, and burn
characteristics including burn extent, deep burn, full
thickness burn area, inhalation injury, complication and
mortality. Bivariate and then multivariate analysis was
performed to determine independent risk factors for
death. Lethal area fifty percent (LA50) was calculated
for total burn surface area and full thickness burn area
using the Probit model. Data were analyzed using In-
tercool Stata 10.0 software and p value <.05 was con-
sidered as a significant level. The study was approved
by the National Burn Hospital’s Ethics Committee.

Results
Between 2016 and 2018, out of the total 4683 pedi-

atric burn patients admitted to our hospital, 3688
(78.8%) were under 6 years old. The main causal agent
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was scald (86.7%) and boys were predominant
(62.5%). Regarding season and month, the highest
number of burn accidents occurred in the winter
(27.3%) and the highest burn incidence (10.1%) was
recorded in February (data not shown). In addition,
76.5% patients lived in rural areas and 57.9% were ad-
mitted to our hospital during the first 24h post burn.
Average burn surface area was 8.8% of total body sur-
face area (TBSA). Of the 3688 patients, 2391 (64.8%)
cases had a burn surface area <10% TBSA, and 11.4%
patients had a burn extent of over 20% TBSA. It is
noted that 43.5% patients suffered deep burn injury and
most of them (95.7%) had a deep burn area < 10%
TBSA. Inhalation injury was recorded in 9 cases, ac-
counting for 0.3%. Overall mortality rate was 0.5%
with LA50 of 81.7%. LAS50 for full thickness burn was
49.1% (Table I).

Table I - Patient demographics and burn features

Parameter Subgroup n %
Age, n (%) <3 years 2831 76.8
3-6 years 857 232
Mean 1.9+12
Gender, n (%) Girl 1384 375
Boy 2304 62.5
Causal agents, n (%) Scald 3196 86.7
Flame/heat contact 368 10
Electricity 103 2.8
Chemical agents 21 0.5
Season, n (%) Spring 922 25
Summer 878 23.8
Autumn 881 239
Winter 1007 27.3
Residential location Urban area 867 23.5
Rural area 2821 76.5
Hospital admission <24h 2135 57.9
afier burn >24h 1553 21
Burn surface area, <20% TBSA 3268 88.6
HTBSA >20% TBSA 420 11.4
Mean 8.8+9.6
Deep burn, n (%) 1604 435
Deep burn area, % <10 % TBSA 3529 95.7
TBSA >10 % TBSA 159 43
Mean 1.6 +3.9
Inhalation injury, n (%) | No 3679 99.7
Yes 9 0.3
Hospitalization, day 155+10.3
Death, n (%) 17 0.5
LA50, %TBSA 81.7
LAS5O0 for full thickness burn, %TBSA 49.1

TBSA = total body surface area; LA50 = lethal area fifty percent

Post burn complications developed in 12 patients,
accounting for 0.3% (data not shown). The most com-



mon complication was sepsis (50%). More complica-
tions were recorded in patients with inhalation injury
(22.3% vs. 0.3%; p < .001) or extensive burn, while
age and gender did not significantly affect complication
development (7able II).

Table II - Distribution of complications by variables

Parameter Subgroup No complications | Complications p
<3 years 2824 (99.7) 7(.3)
Age, n (%) ’ 13
3 — 6 years 852 (99.4) 5(.6)
Female 1380 (99.7) 4(3)
Gender, n (%) 76
Male 2296 (99.6) 8(4)
Admission time | <24h 2128 (99.7) 7(.3) 95
ost burn, n .
?%) > 24h 1548 (99.7) 5(3)
Inhalation No 3669 (99.7) 10 (.3) < 001
injury, n (%) Yes 7(77.8) 2(22.2)
0,
Burn surface <20% TBSA 3265 (99.9) 31 < 001
area, n (%) >20% TBSA 411 (97.9) 9(2.1)
0,
Deep burn <10% TBSA 3522 (99.8) 7(2) < 001
surface, n (%) | >10% TBSA 154 (96.9) 5(3.1)

TBSA = total body surface area

Bivariate analysis between death and other variables
showed that a significantly higher mortality rate was
seen in patients with inhalation injury (44.4% vs. 0.3%;
p <.001), larger burn surface area (40.7 + 23.2% vs.
8.7 £9.2% TBSA; p <.01) and larger full thickness
burn area (13.6+3.9% vs. 1.6 £3.7% TBSA; P<.001).
It is noted that there was only 0.1% deaths in the group
of patients with burn extent < 20%TBSA, and 3.1%
among cases with burn extent > 20% TBSA. In addi-
tion, only 0.3% of patients who suffered deep burn area
<10% TBSA died compared to 5% in the other group.
Age and gender did not affect mortality rate (Zable I1I).

Table III - Relationship between death and other variables

Parameter Subgroup Survivor Death p
Age, n (%) <3 years 2819 (99.6) 12 (4) 74
3-6 years 852(99.4) 5(.6)
Mean 1.9 =1.1 1.8+1
Gender, n (%) Girl 1379 (70.6) 5(29.4) .50
Boy 2292 (62.4) 12 (37.6)
Admission time after <24h 212499.3) 1165 36
burn, n (%) >24h 1547 (99.6) 6(4)
Inhalation injury, n (%) | No 3666 (99.7) 13(.3) .001
Yes 5(55.6) 4(44.4)
Burn surface area, <20% 3264 (99.9) 4.1 .001
%TBSA >20% 407 (96.9) 13(3.1)
Mean 8.7+92 40.7+23.2
Full thickness burn area, | <10% 3520 (99.7) 9(.3) .01
%TBSA >10% 151 (95) 8(5)
Mean 1.6 £3.7 13.6+3.9

TBSA= total body surface area
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Multivariate logistic analysis for death is indi-
cated in Table IV. As can be seen, increased burn

Table IV - Multivariate logistic analysis for death and variables

Parameter Coef. S.E P 95% CI
Burn surface area .08 .01 <.001 -06+ .11
Full thickness burn area .02 .03 32 -.02+.07
Inhalation injury 34 1.1 .002 12+55
Cons. -72 5 <.001 -8.1 +-6.2

Cons.= constant; Coef= coefficient; S.E= standard error; CI= confident interval

extent and presence of inhalation injury were inde-
pendent risk factors influencing mortality rate. The
presence of inhalation injury resulted in a 3.4 prob-
ability unit of death with p <.01. This was .08 for
burn extent with p <.001.

Discussion

Worldwide, childhood burns continue to be con-
sidered as one of the major problems resulting in sig-
nificant morbidity and death. It is estimated that
about one-third of burn injuries in the United States
occur in the pediatric population, and they are
mostly caused by scalding in the subgroup of chil-
dren under 5 years of age.' Generally, management
of burn injuries in children and adults is similar, but
there are significant physiological and psychological
differences. In addition, the skin’s dermal layer is
thinner in children than in adults. Increased evapo-
rative loss and the need for isotonic fluids increases
the risk of hypothermia in pediatric patients.>¢

Most studies on pediatric burns have indicated a
predominance of males with most injuries due to
scald. For example, in 2005 Maghsoudi and Samnia
reported the male:female ratio to be 1.6:1, and scalds
to be the most common type of burn among children
under 5 years of age.'"” In Israel, Haik and colleagues
reported that children aged 1 and under accounted for
22.2% of total burn cases, with the most common eti-
ology being hot liquids (45.8%).'® Another report
from Israel by Goldman and co. showed that infants
(ages 0-1) had the highest prevalence (45%), and
scalds accounted for 68% of burns.'” Ying and Ho re-
ported that in Hong Kong scalding was the most
common cause of burn injury (90.4% of admissions),
followed by flame burns (8.2%).!* Ramakrishnan et
al. analyzed 535 children aged 0-18 years in India
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and showed that scalds were the most common type
of burn among children under 4 years of age.'* How-
ever Kuma et al., also from India, reported that among
childhood burns, females were affected more than
males (74.1 vs. 25.9%) and injuries were mostly
caused by scald (72.5%) followed by flame and elec-
trical burn.'® In Turkey, Sakallioglu and colleagues
reported that the highest proportion of patients be-
longed to the preschool age group, and that scalding
(59.7%) was the leading cause of burn.!” In China,
works by Tang K et al. indicated that children suffered
more scald burns (83%).%° The results of our study
agree with world-wide reports: boys were predomi-
nant (62.5%) with 86.7% cases caused by scalding.

The explanation for the higher proportion of pre-
school burns in developing countries could be that not
all children under 6 years old are cared for in kinder-
garten and a significant number of them stay at home,
playing together, under standard care.

It is noted that gender was not associated with burn
outcomes in preschool children. A study by Magh-
soudi and Samnia showed that except for burn inci-
dence, there were no significant differences between
males and females."” In our study, more complications
and a higher mortality rate were recorded for male pa-
tients but the difference did not reach significant level
compared to the female group. The same result has
also been reported by other authors.'®

Regarding burn extent, most studies reported that
children suffered small burn size. Goldman and
coworker indicated that 83% of infant patients suf-
fered less than 20% TBSA burn.'” A report by Kuma
et al. in India reported that 63.1% of the children re-
ceived burn injuries in the range of 0 to 20% burn sur-
face area.'” In our study, 88.6% preschool burn
children had a burn extent of <20% burn surface area.

Despite advances in critical care, including early
excision and grafting, aggressive resuscitation and
hypermetabolic regulation and nutritional support,
mortality rate is still high among pediatric patients
with severe burns, especially in developing
countries.?'*>?> Ramakrishnan et al. analyzed 535
children aged 0-18 in India and reported that large
burn size and infection were the strongest predictors
of mortality."® Kuma and coworkers studied 309 chil-
dren with burns injuries, also in India, and reported
that overall pediatric burn mortality was 7.4%.'° Ac-
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cording to Williams et al. the leading causes of death
over 20 years among pediatric burn patients were sep-
sis (47%), respiratory failure (29%), anoxic brain in-
jury (16%) and shock (8%).>* In general, literature
indicates that children tolerate more extensive burns
and quite higher LA50 values compared to adults.
Keshavarzi et al. reported that in Iran the LA50 for
pediatric burn patients <10 years was 61.96%.% LA50
of the pediatric burns in our study was 81.7% TBSA
and 49.1% TBSA for full thickness burns.

Besides an immature immunological system, the
respiratory tract of preschool children is narrower
than that of older children, and it is easier for them to
suffer edema after inhalation injury, leading to a high
risk of airway compromise requiring intubation.>*’
Current reports indicate that inhalation injury is un-
common but leads to a significantly high mortality
rate.'®!82% In addition, it is difficult to manage a child
with inhalation injury, especially with mechanical
ventilation.”*° According to a report by Ying and Ho
in Hong Kong, 1.6% of childhood burn patients had
inhalation injury requiring intubation and ventilation
support."* This incidence in our study was only 0.3%,
but mortality rate was 44.4% and inhalation injury
was one of the independent risk factors for death. In
Iran, one report showed that death by inhalation in-
Jjury amongst preschool children was up to 100%. Ac-
cording to Morrow et al., inhalation injuries were
strongly associated with large burns and death in in-
fants compared to few deaths seen in cases of burn
size less than 30% TBSA without inhalation injury.’'
Barrow and colleagues reported that amongst children
with 21-80% TBSA burns, there was a significant dif-
ference in mortality between those with and without
inhalation injury (13.9% vs. 2.9%). In our study, the
presence of inhalation injury resulted in a 3.4 proba-
bility unit of death.

Conclusion

We have shown that burns in preschool children
were more common in boys living in the countryside,
and were mostly caused by scald, with a high proportion
of deep injuries. Except for in cases of extensive burn,
inhalation injury was not common but was still the main
cause of death among this subgroup in Vietnam.
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