Open Access

Thrombosis & Haemostasis: Research (fAu stin p u b l i sh i n g Group

Research Article

Differences in Assessments of Total Burn Surface Area
Involving Children Transferred To A Burn Center for
Treatment — Experience In Southern Brazil

Saviatto LG, Picasky JP, Azevedo BBS, Feijé RS, Camacho Abstract
JG, Soares FF and Pereima MJL*

Burn unit, Joana de Gusmao Children Hospital,
Department of Pediatric, Federal University of Santa

Purpose: To analyze discrepancies between the evaluation of
total body surface area (TBSA) of burn injuries involving children
performed by clinicians at hospitals and clinics in southern Brazil

Catarina, Floriandpolis, Brazil before patients are transferred to a Burn Care Unit (BU) and the

same evaluation by trained burn specialists, in order to determine
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Methods: This is an observational study in which data was ana-

lyzed involving burn patients transferred from regional hospitals
and clinics for admission to Joana de Gusmao Children’s Hospital,
located in the city of Floriandpolis in southern Brazil, that main-
tains a BU for referral of pediatric patients. The analysis consists
of comparisons between the estimated values of TBSA of the burn
obtained from the “Transferred burnt patient form” completed
by the referring clinician and values registered in patient records
upon arrival at the BU. In addition, other quantitative and qualita-
tive data, such as burn mechanism patient age, and whether re-
suscitation with intravenous (IV) fluids occurred, were collected to
further inform management and treatment of the injuries.
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Results: At the early assessment, there was overestimation of
TBSA burned in 76.4% of patients (n = 39), 32 of those had a TBSA
of less than 15%, and the mean TBSA estimate was 291% higher
(p-value 0.0001). The 1-4 age group represented the largest group
of patients, 56.4% (n =29), and the most common mechanism of
burn was due to heated water in 60.8% (n=31) of the cases. There
was correlation (p-value 0.014) between increased length of hos-
pitalization and burn mechanism when the burn was caused by
direct contact with fire or electric shock which resulted in patients
staying for 26 + 9.35 days. In addition, 66.7% of patients included
in this study had been administered IV fluids at the city of origin
prior to arriving at the children’s BU.

Conclusion: When the estimate of the TBSA of the burn ob-
tained by non-specialists, was compared to the estimate after ad-
mission to a specialized burn unit, there was an overestimation in
most cases and this has the potential to lead to mismanagement
of pediatric burn patients.
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Introduction

In Brazil, burn injury represents a major concern in public
health with an incidence of more than 1 million cases per year
and, of those, 40 thousand require hospitalization and children
account for two thirds of the cases [1,2]. In the United States,
burn injury, traffic accidents, drowning, and suffocation rep-
resent the four most common causes of unintentional injury,
which is the major cause of death category for children ages 1
through 14 years. Burn injury is defined as trauma to skin lay-
ers and adjacent tissue caused by a variety of energy sources
such as electrical, chemical, thermal or radioactive. Therefore,
the rupture of skin integrity means the loss of a protective bar-
rier that compromises thermal control and hydro electrolytic
homeostasis [4,5].

In order to assess the patient according to burn severity to
determine patient management and prognosis, specific vari-
ables must be considered such as depth of the burn injury,
patient age, burn mechanism, and the Total Body Surface Area
(TBSA) affected by the injury [6]. The TBSA estimation has great
relevance because it allows categorizing the patient according
to the extent of the burn [7,8]. The TBSA of partial and full thick-
ness burns can be estimated using a variety of methods. The
earliest evidence of this approach was found to occur in the19t
century with use of the Berkow estimation which is considered
a precursor to two rules widely used nowadays; the “rule of
palm” and “Wallace’s rule of nines.” [9] This latter tool identifies
anatomical regions as multiples of 9 of TBSA affected by a burn
and, like the “rule of palm”, uses a parameter that the surface
of the palm of the hand represents 1% of TBSA [9,10]. Both of
these methods are considered to be fatly, as they can incorrect-
ly estimate TBSA burned especially if the patient is overweight
or is a pediatric patient [10]. The Lund and Browder method is
recognized as the most accurate for use in the pediatric popula-
tion, because it considers the age of the patient when estimat-
ing TBSA [9]. Besides these methods, new technology allows
the TBSA burn estimation to be performed using a smartphone
Application (app) [9,10].

An adequate TBSA evaluation of a burn is the critical start-
ing point that leads to correct management of the patient
because it is crucial for calculating the volume of intravenous
fluid to administer in resuscitation therapy, a treatment proven
to impact survival rates [11]. Incorrect evaluation of the TBSA
burned can be harmful and result in serious complications to
those with more than 20% of body surface compromised by
burnt tissue [12,13]. An underestimation of the TBSA can lead
to hypovolemia and, as a consequence, kidney failure, acute
tubular necrosis, bacterial translocation from the gastrointes-
tinal tract in intestinal ischemia, and burn deepening at Jack-
son’s stasis zone [11,14,15]. In contrast, over hydration, when
it exceeds the value calculated through Parkland’s formula, may
cause a phenomenon described by Pruitt as “fluid creep” that
originates from edema in burnt and non burnt tissue. It may
also cause compartmental abdominal syndrome or deepening
of the burn with compromised tissue perfusion and infections
[16]. Literature suggests that overestimations of the TBSA burn
are more common than underestimations, because calculations
require expert knowledge of burn injuries [10,13]. Discrepan-
cies greater than 2 to 3% may result in increased mortality rates

[10,14]. Furthermore, although patients given an underestima-
tion of the TBSA burn might receive inadequate fluid resuscita-
tion before transfer to a BU, patients given an overestimation
of TBSA burn could have been managed at the original medical
facility instead of overloading the BU center. with an unneces-
sary transfer [17].

The purpose is analyze discrepancies between the evalua-
tion of the Total Body Surface Area (TBSA) of burn injuries in-
volving children performed by clinicians at hospitals and clinics
in southern Brazil before patients are transferred to a Burn Care
Unit (BU) and the same evaluation by trained burn specialists, in
order to determine the accuracy of burn size estimation and to
evaluate clinical data, such as medical interventions and length
of hospitalization, to inform whether efforts to increase knowl-
edge are warranted to optimize early management and treat-
ment of burned pediatric patients.

Methods

This is an observational study in which data collected over
a period of eight months was analyzed involving burn patients
transferred from regional hospitals and clinics for admission to
the Burn Care Unit (BU) at Joana de Gusmao Children’s Hos-
pital (HIUG) .The hospital serves as referral center for pediatric
patients for the state of Santa Catarina in southern Brazil and is
located in the state’s capital, Floriandpolis, with an estimated
population of 7,338,473. [18] The analysis consists of compari-
son between the values of TBSA of the burn obtained in the
form “Transferred burnt patient form” (Figure 1) completed by
the referring clinician and values registered in patient records
upon arrival at the BU. In addition, other quantitative and quali-
tative data, such as burn mechanism, patient age, and whether
resuscitation with intravenous (IV) fluids occurred, were col-
lected to further inform management and treatment of the
injuries. The whole process was grounded in the guidelines es-
tablished by the National Health Council of Health Ministry of
Brazil for research regarding human beings [19]. This guideline
provides rules and standards in bioethics, granting rights and
duties concerning persons involved in scientific research and its
outcomes [20].

In addition to analysis of quantitative and qualitative data
involving patient demographics and medical interventions, sta-
tistical analysis was performed between the value of TBSA of
the burn obtained before and after patients were transferred
to the referral BU. When the error of the initial TBSA estima-
tion was greater than 25% of the TBSA assessment by experts,
it was considered an overestimation. The original estimation
was within an acceptable estimate when the error range was
25% (from -25% to +25%). Statistical analysis was obtained us-
ing Epi-info software through an ANOVA test when comparing
more than two groups and using a T test when comparing only
two. A p-value of less than 0.05 was used to determine statisti-
cal significance.

To allow meaningful statistical analysis, the only patient with
a TBSA percentage error of less than 25% was placed amongst
those considered with an adequate estimation. For the same
reason, the only patient in which the burn mechanism was elec-
trical shock was added to the group in which the burn mecha-
nism was direct fire burn.
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Differencesin total body surface area burned before and
after transfers
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Figure 1: Estimations of %TBSA of burnt pediatric patients trans-
ferred to Joana de Gusmao children’s hospital burn unit and dif-
ferences in %TBSA before and after transfers of the whole sample.
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Figure 2: Contrast between estimations of TBSA before and after
being transferred to the burn unit, according to burn mechanism.

Results

Data from 72 patients were collected; however, 21 were
excluded because the transfer form was not completed in en-
tirety. Therefore, the sample consists of 51 patients in which 40
(78, 4%) presented with a TBSA estimation of the burn at less
than 15% and 11 (21, 6%) had a TBSA of more than 15%. The
percentage of error of the TBSA estimation before transfer to
the BU averaged 47.8%, (9.04 + 9.59%).

Of 51 patients sampled during the study period, over half of
them were between 1 and 4 years old (56.9% n=29), 11 were
less than 1 year old (21.6%) and, in this latter group, the es-
timated average difference of TBSA was 13.6 + 11.9% with an
overestimation of the TBSA at 145%. Four patients (7.8%) were
in the 5 through 9-year-oldgroup and there was a total of seven
patients (13.7%) between 10 to14 years old.

Regarding burn mechanism previously established by cited
authors, hot water had the largest number of “victims” being
responsible for 60.8% (n= 31) of patient injuries, followed by
hot oil (13.7%, n= 7), fire and electric shock (9.8%, n=5), and
chemical agents (7.8%, n=4). Alcohol and hot food, together,
account for less than 10% of the sample. The average differ-
ence of TBSA estimated at regional hospitals and clinics, when
compared to the one obtained at HIJG, was 8.3 + 8.1% for those
in which the burn mechanism was scalding by hot water, with
an average percentage error of 96.0% (p-value <0.05). Of those
who were burnt by alcohol, the average difference of the TBSA
estimate was 22 + 15.5%.

The majority of patients were hospitalized for a period of 15
to 28 days (n=21, 41.2%, p-value 0.013), while only 3 patients

Average lenght of hospital stay (Days)
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Figure 3: Average length of hospital stay branched by burn mecha-
nism.

(5.9%) stayed for less than2 days or more than 28 days. The hos-
pitalization at HIJG lasted 3 to 7 days for eight patients (15.7%)
and 8 to 14 days for 16 patients (31.3%). For those whose stay
lasted 15 to 28 days, the estimate of the TBSA was 9.7 + 11.1%
had an average error of 82% (p-value 0.316).

Nineteen (37.2%) of 51 patients were only treated with fluid
resuscitation or dressings. The remaining 62.7% (n=32) had also
had either facial laser, skin grafting, and/or transfusion with red
bloodcells. All of the patients that required red cell blood trans-
fusions had been through dermoepidermic skin grafting (n=11,
21.5%), and one (1.9%) had received all three interventions as
shown in (Table 3). Of all the patients, one was admitted to the
Intensive Care Unit (ICU) due to electrolytedys function with cli-
nical development. Before transfer from the initial hospital or
clinic, 34 (66.6%) patients were given |V fluids, as described on
the form requested, although not all of the participants claimed
using Parkland’s formula to calculate volume. Data regarding
the IV fluid regimen administered before and at HIJG were not
collected for this study, as these data were not provided in most
cases in the patient transfer documents.

Variables such as age, burn mechanism, difference between
the TBSA estimations at regional hospitals (overestimation, ad-
equate, and underestimation) and extent of the TBSA (less than
15% or equal and/or greater than 15%) were analyzed statisti-
cally with length of hospitalization to determine if there was sig-
nificance. The results are available in table 4 showing that hos-
pital stay was significantly related to burn mechanism, and the
longest stay involved those burnt by fire and electric shock (26 +
9.35 days, p-value 0.014), followed by chemical agents (17.25 +
4.03 days), and lastly, hot oil, hot water, burnt food and alcohol
with the shortest length of hospital stay (8.00 = 0.00 days).

Discussion

The evaluation of the TBSA of a burn has direct impact on the
prognosis of burnt patients, especially in the pediatric popula-
tion in which the ratio between body surface areas over body
weight is greater when compared to adults, and small differ-
ences and delays in obtaining correct estimations may result.
In poor out comes [14]. It is well published that the Parkland
formula, that relates TBSA with weight and patient age, pro-
vides adequate accuracy to guide fluid resuscitation of a burnt
patient and, at times, it has shown to be superior to the goal di-
rected strategy which has a greater occurrence of “fluid creep”
[11]. This phenomenon, a result of excessive fluid resuscitation,
is responsible for complications such as anasarca, superior air-
way obstruction with the need for intubation, increased time to
remain intubated, deepening of burnt areas, and compartmen-
tal abdominal syndrome [16]. Furthermore, it is known that
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Table 1: Burnt patient distribution transferred to Joana de Gusmao Children’s Hospital, in the period between May of 2021 and January of
2022, according to burn extension in %, TBSA estimation at regional hospital in contrast to the one obtained at Burn Unit of HIJG.

Variable n (%) TBSA regional hospital % TBSA BU HUUG % Estimative difference Percentage error % p
%TBSA, n (%) 0.8389
<15% 40 (78.4) 16.40 6.61 9.78+9.24 148
215% 11 (21.6) 27.95 18.91 9.04 +9.59 47
Estimative before transfer, n (%) 0.0001
Overestimated 39 (76.4) 19.92 7.72 12.20+8.96 291
Underestimated/adequate 12 (23.5) 15.50 14.25 1.25+3.07 7.3

n, number

TBSA regional hospital%, Average estimation of total body surface area burned at the regional hospital.
TBSA BU HIJG %, Average estimation of total body surface area burned at Joana de Gusmao Children’s Hospital burn unit.

P, p value.

Table 2: Distribution of burnt patients transferred to Joana de Gusmao Children’s Hospital, between May 2021 and January 2022, by TBSA estima-
tion at regional hospital in contrast to the one obtained at Burn Unit of HIJG, according to age group, burn mechanism and length of hospital stay.

Estimatives
Variable n (%) TBSA regional hospital % TBSA BU HIJG % Estimative difference = Percentage error % p

Age group, n (%) 0.1026
<lyear old 11 (21.6%) 23.1 9.4 13.65+11.9 145

1-4 29 (56.9%) 16.9 8.2 8.14 + 8.53 105

5-9 4 (7.8%) 25.4 16.0 9.64 + 6.54 59

10-14 7 (13.7%) 15.8 7.1 9.25+9.67 121

Burn mechanism, n (%) 0.0000
Chemical agent 4(7.8) 22.25 9.75 12.50+9.72 313

Alcohol 2(3.9) 24.00 2.00 22.0+15,5% 1100

Hot food 2(3.9) 6.00 0.90 5.10+4.38 612

Flame/Electric shock 5(9.8) 21.25 10.90 10.30 + 6.88 96

Hot water 31 (60.7) 18.68 10.39 8.29+8.14 124

Hot oil 7(13.7) 18.44 7.29 11.15+13.39 161

Lenghtofstay, n (%) 0.3167
0-2 3(5.9) 1517 7.67 7.50 £ 3.60 98

3-7 8(15.7) 17.75 7.23 10.52 +6.79 146

8-14 16 (31.3) 16.61 7.38 9.23+9.62 125

15-28 21 (41.2) 21.62 11.88 9.73£11.10 82

>28 3(5.9) 18.67 8.00 10.66 + 3.78 133

Total, n (%) 51 (100) 18.88 9.26 9.62+£9.22 104

n, number

TBSA regional hospital %, Average estimation of total body surface area burned at the regional hospital;
TBSA BU HIJG %, Average estimation of total body surface area burned at Joana de Gusmao Children’s Hospital burn unit;

P, p value.

Table 3: Distribution of burnt patients transferred to Joana de Gusmao Children’s Hospital, between May 2021 and January 2022, by TBSA estima-
tion at regional hospital in contrast to the one obtained at Burn Unit of HIJG, according to intervention.

Estimatives
Variable n (%) Tiii;iiilo;al Tﬁi’g I;)U Variable n (%) TBSA regional hospital %
Intervention, n (%) 0.3803
Laser 8 (15.7) 16.79 5.13 11.66 +11.47 228
SkinGraft 10 (19.6) 13.80 10.40 3.40+3.92 33
Redbloodcelltransfusion 0(0.0) - - --
Laser + SkinGraft 2(3.9) 23.00 7.50 15.50+0.70 207
Skin Graft + Red blood cell transfusion 11 (21.5) 24.45 12.36 13.65+11.9 98
Laser + Skin Graft + Red blood cell transfusion 1(1.9) 15.00 13.00 2.00+0.00 15
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None 19(37.2) 19.00 8.59 10.40 + 8.86 121
Total, n (%) 51 (100) 18.88 9.26 9.62 £9.22 228
n, number

TBSA regional hospital %, Average estimation of total body surface area burned at the regional hospital;
TBSA BU HIJG %, Average estimation of total body surface area burned at Joana de Gusmao Children’s Hospital burn unit;

P, p value.

Table 4: Distribution of burnt pediatric patients transferred to HIJG
burn unit according to age group, burn mechanism, correctness of
%TBSA estimation, and burn extension in %TBSA in regards of length
of hospital stay.

Variable n (%) Lenir:yo(fdziz)pital P
Age group, n (%) 0.102
<lyearold 11 (21.6%) 12.09 +7.13
1-4 29 (56.9%) 12.82 +8.20
5-9 4 (7.8%) 15.25 + 7.41
10-14 7 (13.7%) 21.28 +10.99
Burn mechanism, n (%) 0.0146
Chemical agent 4(7.8) 17.25+4.03
Alcohol 2(3.9) 8.00 + 0.00
Hot food 2(3.9) 8.00 £ 5.65
Flame/ Electric shock 5(9.8) 26.00 +9.35
Hot water 31 (60.7) 12.41+7.64
Hot oil 7(13.7) 14.14+9.78
Estimative before transfer, n (%) 0.316
Overestimated 39 (76.4) 13.41+9.16
Underestimated 1(1.9) 12.00 + 0.00
Adequate 11 (21.5) 16.50 +5.79
%TBSA, n (%) 0,240
<15% 40 (78.4) 13.27 +£8.97
> 15% 11(21,) 16.72 +7.04
Total, n (%) 51 (100) 14.01 + 8.64
n, number
P, p value.

excessive IV fluid infusion in the first 24 hours, that is higher
than that calculated by Parkland’s formula, results in a cycle of
subsequent over hydration during the following hours which ex-
acerbates the negative effects of fluid creep [16,21].

When comparing the TBSA estimate obtained in regional
hospitals and clinics with the one the BU of HIJG assessed, there
was an overestimation in 76.4% of patients (n = 39), similar to
the findings by Armstrong, et al. [22] with 77%. Of those with
an exaggerated estimate of TBSA, 32 were in the group with less
than 15% and that evaluation was an average 291% greater than
the one given by specialists at the BU, with estimated difference
of TBSA of 12.20 + 8.96. The systematic review published by
Brekke et al. [23], that included 28 studies, cites overestimation
with an average involving more than 50% of the patients of the
studies analyzed. In this research there was an adequate esti-
mation of the TBSA of the burn in only 21.5% (n=11) of patients
and one underestimation (1.9%). In those patients the average
error was 7.3%. The rate of overestimation versus underestima-
tion of TBSA in this study is 39:1.

Literature describes [9,24,25] that the error of TBSA es-
timation can be as high as 200% when comparing the num-

bers obtained by non-specialists before transfer to a BU
and the estimates obtained at the burn center. This present
study found an average of | difference of 104% more in the
estimate made by non-specialists. It is mentioned in stud-
ies [22,26] that patient with burns of minor extent, at times
less than 20%, and others less than 15%, are the most over-
estimated. Therefore, this study has shown that 82% of the
39 patients that had the TBSA exaggerated had burns of less
than 15% of TBSA. The systematic review by Brekke et al. [22]
corroborates our findings, showing a trend of overestima-
tions in patients transferred to a burn unit and that the larg-
er the extent of the burn, the less this phenomenon occurs.

In 2021, Armstrong et al. [27] used a sample of6 thousand
pediatric patients and reported that the age group from 1
through 4 years old is responsible for nearly half of the hospi-
talizations due to burns in the United States (US). This present
research agrees with those results whereby, of the 51 patients
in our analysis, 56.9% (n=29) are included in that category. Old-
er children, 10 to 14 years old, had the longest hospital stay,
with an average of 21.2 + 10.99 days, while patients less than
1 year of age had an average of 12.0 + 7.13 days. The study
by Armstrong et al. [27] reported that there was no statistical
relevance in the difference of the length of hospitalization in
relationship to different age groups (p-value > 0.05).

Regarding the other variables, the length of hospital stay was
not statistically relevant to the difference in TBSA estimation,
nor to the extent of TBSA (When the length of hospital stay was
analyzed in relation to the causal agent of the burn, there was
a relevant difference, with patients burned by fire and electri-
cal shock staying longer in the hospital, with a mean stay of 26
+ 9.3 days (p-value 0.014). The epidemiological study by Arm-
strong et al. [27] shows this burn mechanism as one of those
with longer hospital stays, after intentional burns, an object not
evaluated in this study. In Dittrich, et al. [16] it was concluded
that a hospital stay longer than 14 days, if associated with the
occurrence of the “fluid creep” event, was related to infections
and worse prognosis in these scenarios. The percentage error
in the TBSA estimate was statistically relevant when in associa-
tion with burn mechanism, although no data to corroborate
this analysis was found in literature. Scalding, caused by hot
water, is usually cited [27,28] as the major cause of burn injury
in children, which is also demonstrated in this study. The boiling
of water is present in several daily activities, and as the major
cause of burn injury in the pediatric population, it aligns with
the statistics of deaths by accidental cause, that brings a warn-
ing sign to the population in general.

The type of procedure performed did not show significant
relevance when compared to the percentage error in TBSA esti-
mation. In Daniels, et al. [11] it was concluded that permissive
hypovolemia - when hydration is performed at lower, though
still safe, volumes than those established by the formula devel-
oped by Baxter - represents fewer interventions and procedures
performed, and also shows as a result fewer unfavorable out-
comes, with lower mortality rates compared to patients with
over hydration. [11,16] The error in TBSA estimation is closely
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related to fluid resuscitation [14] and 66.7% of patients includ-
ed in this study were subjected to IV fluid replacement before
transfer to the BU. Consider that 76.4% had their TBSA estimat-
ed with, on average, 291% more than what is considered to be
correct, it is possible to affirm the occurrence of over hydration
and fluid creep even before transfer. As exposed in research
performed by Daniels, et al. [11], 70% of institutions use the
Parkland formula, however, despite this, 55% to 100% of the
patients receive increased volumes of fluid resuscitation when
correctly evaluated. Similar information is described in Shah, et
al. [21] with 69% of the burn unit centers using this method.
Thus, the adequate estimation of TBSA is a primordial step in
the appropriate management of the burn patient.

Detailed information regarding the IV fluid regimen admin-
istered at HIJG and given before transfer should be collected to
enrich future research on this topic, and it would also increase
knowledge on this matter a so all medical institutions may be
able to standardize treatment in pediatric burn patients. Fur-
thermore, the use of a mobile app such as e-burn was suggest-
ed to regional hospitals, although there was no tool to check its
use in this study; this can also be considered in future research.

As published previously, in the large systematic review [23]
published in 2021, present data show poor knowledge regard-
ing burn injury estimation by non-specialists, creating the pos-
sibility to harm patients. Thus, it emerges the need of continued
education and training in medical school, in order to upraise the
quality of consults and be truthful to the duty of not causing
harm, and, this way, avoiding one more variable that is likely to
add to fluid creep.

Conclusion

The discrepancy between the evaluation of the TBSA before
and after being transferred to the burn unit of HIJG proved to be
outrageous, with overestimation in most cases (76.4% n=39),
and represents a rough percentage of error within average
291% over the correct TBSA estimate.

This study also concluded that most (56.9% n=29) patients
transferred to the burn unit of HIG, in the state of Santa Ca-
tarina in southern Brazil, ranged in age from 1 to 4 years old.
It also highlights that the main burn mechanism that injured
those patients was hot water (scalding) that represented 60.8%
of the sample. At last, it was shown that when fire and electric
shock were responsible for the burn, the length of hospital stay
was the longest; with in average 26 + 9.3 days (p-value 0.014).
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