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Abstract

Background—Burns are among the most devastating of all injuries and a major global public
health crisis, particularly in sub-Saharan Africa. In developed countries, aggressive management
of burns continues to lower overall mortality and increase lethal total body surface area (TBSA) at
which 50% of patients die (LA50). However, lack of resources and inadequate infrastructure
significantly impede such improvements in developing countries.

Methods—This study is a retrospective analysis of patients admitted to the burn center at
Kamuzu Central Hospital in Lilongwe, Malawi between June 2011 and December 2012. We
collected information including patient age, gender, date of admission, mechanism of injury, time
to presentation to hospital, total body surface area (TBSA) burn, comorbidities, date and type of
operative procedures, date of discharge, length of hospital stay, and survival. We then performed
bivariate analysis and logistic regression to identify characteristics associated with increased
mortality.

Results—A total of 454 patients were admitted during the study period with a median age of 4
years (range 0.5 months to 79 years). Of these patients, 53% were male. The overall mean TBSA
was 18.5%, and average TBSA increased with age—17% for 0-18 year olds, 24% for 19-60 year
olds, and 41% for patients over 60 years old. Scald and flame burns were the commonest
mechanisms, 52% and 41% respectively, and flame burns were associated with higher mortality.
Overall survival in this population was 82%; however survival reduced with increasing age
categories (84% in patients 0-18 years old, 79% in patients 19-60 years old, and 36% in patients
older than 60 years). TBSA remained the strongest predictor of mortality after adjusting for age
and mechanism of burn. The LA50 for this population was 39% TBSA.

Discussion—Our data reiterate that burn in Malawi is largely a pediatric disease and that the
high burn mortality and relatively low LA50 have modestly improved over the past two decades.
The lack of financial resources, health care personnel, and necessary infrastructure will continue to
pose a significant challenge in this developing nation. Efforts to increase burn education and
prevention in addition to improvement of burn care delivery are imperative.
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1. Introduction

Burns are among the most devastating of all injuries and a major global public health crisis
[1,2]. Burns are the fourth most common type of trauma worldwide, following traffic
accidents, falls, and interpersonal violence [3]. An estimated 195,000 deaths occur each year
from fires alone, and fire-related deaths alone rank among the 15 leading causes of death
among children and young adults 5-29 years of age [4].

Burn units in high-income countries demonstrate a low overall mortality and high LA50,
defined as the TBSA burn at which 50% of patients die. In the 1940s, LA50 in the United
States was 40% [5]. With the development of broad-spectrum antibiotics and specialized
burn units, LA50 increased to approximately 60% in the 1970s [6]. Epidemiologic studies
from developed countries have reported that the survival rates for burn patients have
continued to improve substantially over the past four decades because of advances in burn
management, particularly in the area of fluid resuscitation, early nutritional supplementation,
pulmonary care, wound nursing, and infection control [7-9]. Currently, most burn centers in
the United States report LA50 over 90% [6]. Europe experienced a similar improvement in
LAS50 over time. Wasserman and Schlotterer [10] showed an overall mortality of 11.8% and
LAS50 of 60% in 1985 in France. In 1999, Barrett et al. demonstrated an overall mortality of
3.5% and LAS50 of 90% in Spain [11].

Unfortunately, the vast majority of burns occur in low- and middle-income countries
(LMICs), regions that generally lack the necessary infrastructure to reduce the incidence and
severity of burns [12]. Globally, Africa has the second highest rate of fatal burns and is
responsible for 15% of global fire-related mortality [13]. However, given the paucity of burn
related data in sub-Saharan Africa, the true burden of burn is likely grossly underestimated
[14]. As there are relatively few epidemiologic studies assessing burn treatment and survival
in LMICs, the primary objective of this study is to examine data from a burn registry
database in central Malawi and identify factors associated with increased mortality.

2. Methods

This study is a retrospective analysis of prospectively collected burn registry data at Kamuzu
Central Hospital (KCH), a 600-bed tertiary care hospital in the capital city of Lilongwe,
which serves as a referral center for approximately 5 million people in the central region of
Malawi. The University of North Carolina Institutional Review Board and the Malawi
National Health Sciences Review Committee approved this study. The burn unit at KCH
was established in 2011 and averages 25-40 admissions per month [15]. Pediatric and adult
patients are admitted to the same unit, which consists of 31 beds, 10 full-time nurses, and 2
trained clinical officer staff with surgical oversight. The burn registry was established to
collect patient demographic and clinical characteristics in addition to outcome. Specifically,
data points utilized in this study include age, sex, date of admission, mechanism of injury,
time to presentation to hospital, TBSA burn, comorbidities, date and type of operative
procedures, length of hospital stay, and outcome (survived to discharge/died). All patients
admitted between June 2011 and December 2012 were included in this analysis.

We performed bivariate analysis to compare variables based on mortality outcome and
logistic regression modeling to determine predictors of mortality. Odds of mortality for
increasing TBSA was calculated using a Logit TBSA dose response model, and LA50
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determination was based on the TBSA burns that increased by a geometrical progression.
All statistical analysis was performed using Stata/SE 12.1 (Stata-Corp LP, College Station,
TX).

A total of 454 patients were admitted and treated during the study period with a median age
of 4 years (range 0.5 months to 79 years) and a slight male preponderance of 53%. The
majority of our patients were in the pediatric age range with 73% being younger than 10
years old. Only 17 patients in this cohort were older than 50 years old (Table 1). Patient age
distribution was similar between sexes. Scald and flame burns were the most common
etiologies, making up 52% and 41% respectively. The average TBSA in this cohort was
18.5% (SD + 17.4) (Fig. 1). TBSA did not differ significantly between sexes, but did show
considerable difference between age groups. The average TBSA was 17% for 0-18 year
olds, 24% for 19-60 year olds, and 41% for patients more than 60 years old (Table 1).

Collecting data on intravenous fluid resuscitation and operative procedures assessed
management of the burn patients in our unit. Intravenous fluids, when indicated, were
correctly ordered in 53.5% of patients and incorrectly ordered or administered in 8.4%
(Table 2). Of the 454 patients in this cohort, 169 underwent at least one operative procedure
(37.2%) and 99 patients required more than one operative procedure (21.8%). The number
of operative interventions per patient is illustrated in Fig. 2. No statistically significant
difference was found between the number of operative procedures performed and patient
survival (Table 3). The commonest procedures were skin grafting and debridement,
accounting for 46.7% and 42.8% of all operative cases, respectively (Table 2). Other
operative procedures included escharotomy, amputation, trepanation, and contracture
release.

Most patients presented to the hospital within 24 h of injury (62%), although 31%
experienced a delay greater than 48 h. In general, patients who presented to the hospital
within 6 h of injury had higher mortality than patients who presented later, although the
difference was not statistically significant for all categories (Table 3). The average time
from admission to first procedure was 12.8 days (range 070 days), and most patients
requiring an operation were taken to the operating room within 20 days of admission (Fig.
3). Both time to first procedure and overall length of stay were lower for patients who died.

Most burn related mortality occurred within 10 days of admission, which likely indicates
death from shock due to overwhelming burn or under-resuscitation by inadequate fluid
administration or delayed presentation. Late deaths are more likely a result of burn wound
sepsis and multiorgan failure occurring during the hospital course. In the absence of cause of
death data, however, we cannot confirm these assumptions.

Very few patients had recorded comorbidities (n = 56). Of these, 46 had a diagnosis of
epilepsy, five had documented malnutrition, and five had other comorbidities, including
pneumonia, pregnancy, eclampsia, and psychiatric illness. Overall, the presence of
documented comorbidities was not statistically associated with increased mortality.

During the study period, overall survival was 82.2%. As expected, mortality was
significantly higher in elderly patients. Survival was 84% for 0-18 year olds and dropped to
36% for patients greater than 60 years old. Males showed a non-statistically significant
higher mortality compared to females with 20% and 16% mortality respectively (p = 0.3).
Flame burns were associated with higher mortality than scald burns (p < 0.001). TBSA was
also significantly associated with mortality, as expected. The average TBSA for patients
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who survived was 14%, while the average TBSA in patients who died was 39% (p < 0.001).
Characteristics associated with increased mortality are summarized in Table 3.

LA50 was calculated by performing a logistic regression of survival by TBSA. The
unadjusted LAS50 for this population was 38.5% TBSA. The odds of mortality were 2.43 for
every 10% increase in TBSA. The logistic regression was then repeated, adjusting for age
and mechanism of burn; other potentially confounding variables, such as sex and presence
of comorbidities, did not significantly alter the regression and were therefore dropped from
the model. Since this cohort included very few patients with burns greater than 60% TBSA,
we limited the logistic regression to TBSA < 60%, in order to more accurately predict the
LAS50. The adjusted regression model estimated a LA50 of 39% (Fig. 4).

4. Discussion

Burns make up 5.6% of all injuries and 11.1% of all pediatric injuries treated at KCH;
approximately 26% of all burn patients seen in the emergency department are admitted to
the hospital [16,17]. Prior to the establishment of the burn unit, the average TBSA was 14%
and overall mortality was 27%. Intravenous fluid resuscitation was often inadequate and
one-third of patients developed wound infections [20]. Within two years of the
establishment of a burn unit at KCH, intravenous fluids are appropriately administered in
greater than 50% of patients and overall mortality is less than 20%.

The data from our burn unit are consistent with findings in other burn centers in sub-Saharan
Africa and are reflective of the poor burn survival in the region [18,19]. Burn in Malawi is
predominantly a pediatric disease and scald burns continue to be the most common injury,
which is unchanged from previous studies in this country [20,21]. A burn unit in Blantyre,
Malawi was established in 1993, and has reported overall mortality between 17 and 25%
[19,22]. In their 2003 study, James et al. noted that mortality approached 100% in patients
with burns greater than 30% TBSA [19]. In contrast, our study population demonstrated
100% mortality in patients with burns greater than 55% TBSA. Although the increase in
LA50 is encouraging, the limited improvement in overall mortality suggests that only
modest improvements have been made in burn care over the past two decades.

The increased survival observed over the past two years is likely due to improved delivery
of care within the burn unit. All burn patients are now centralized on one ward and cared for
by dedicated staff. The nursing staff and clinical officers serving the unit have received
specialized training and, as a result, are able to perform more consistent pain control and
wound care. Operative cases have also increased significantly, and patients have access to
post-operative physiotherapy, although this service remains limited. Although fluid
resuscitation is still not appropriately administered in all cases and operative intervention is
often delayed, significant improvements in management have been achieved by
consolidating and standardizing the care of burn patients at this hospital.

In order to further improve burn care at KCH, we have developed a standardized burn intake
form, which will guide the surgical residents in their initial assessment and treatment of burn
patients. We are also working with the nursing staff in the unit to improve documentation of
vital signs, urine output, and wound assessments to ensure that patients are monitored
appropriately. An operating theater is currently being built within the burn unit at KCH, and
we plan to provide specialized training for the anesthetists who will be working in this
theater. We hope that these improvements will lead to more appropriate resuscitation, fewer
delays in operative intervention, and increased survival for the burn patients in this unit.

Most studies examining mortality from burns have identified three major risk factors
associated with increased mortality: age > 60 years old, TBSA > 40%, and presence of
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inhalation injury [23-26]. Presence of all three risk factors is associated with mortality of
90% [23,26]. Smoke inhalation injury is generally considered to be the strongest predictor of
mortality [23,25], but inhalation injuries are relatively uncommon in LMICs compared to
high-income countries [1]. The findings from this study confirm the association between
increased age, TBSA, and mortality. In this case, TBSA was the strongest predictor of
mortality, although other studies have suggested that age greater than 60 years may be a
stronger predictor [23]. Given that the life expectancy in sub-Saharan Africa is in the range
of 45-53 years, age greater than 60 years currently has little bearing in survival analysis
[27,28].

Burn mortality prediction is particularly important in resource poor settings. Care of severe
burns often requires many weeks of intensive care, multiple operative procedures, and
months of rehabilitation [29]. A clear understanding of the predictors of mortality in burn
patients can help guide surgeons in the appropriate distribution of resources. Over the years,
multiple scoring methods of predicting burn survival have been developed [30]. One method
is the Baux index, which is the sum of age and TBSA. The higher the Baux index, the higher
the mortality and vice versa [10,31]. The primary criticisms of the Baux index are that it
does not account for inhalation injury and may not reliably represent the risk of small TBSA
burns at extremes of age [32]. Alternatively, the Abbreviated Burn Severity Index (ABSI)
utilizes age, sex, presence of inhalation injury, and TBSA to calculate a total burn score. A
total burn score greater than 10 is associated with less than 40% survival [30,32]. Neither of
these scoring systems account for patient comorbidities or complications that occur during
the hospital course.

Despite these limitations, the Baux index or ABSI could be used in the burn unit at KCH.
Most patients admitted to this burn unit do not have multiple comorbidities. Likewise,
inhalation injury is uncommon in this population, as relatively few fires take place in
enclosed, multistory buildings where victims are exposed to prolonged smoke inhalation. As
a result, the Baux index and ABSI are appropriate tools in this setting, perhaps more than in
high-income countries. The simplicity of these models allows them to be used easily by the
clinical staff in the burn unit, who can use the results to guide triage and management of
new patients [32].

Mortality from burns remains high in many African countries, despite the well-documented
burn management practices employed in developed countries. Reports from hospitals and
burn units in Nigeria, Malawi, and South Africa report overall mortality between 12% and
35% [18,21-33]. Many factors contribute to the increased mortality in these regions. High
rates of poverty, illiteracy, and crowding in urban areas may contribute to unsafe living
conditions [14]. Inadequate access to health care facilities often leads to a reliance on
traditional medicine and a delay in presentation to the hospital [34,35]. In some cases,
patients may present to the hospital only after the burn wounds have become infected,
greatly complicating treatment. Designated burn centers and specialized staff are scarce and
hospitals are frequently understaffed. In our burn unit, early excision and grafting of burn
wounds is often limited by availability of operating rooms, supplies, and personnel [14].
There is a bimodal distribution to burn deaths; early burn mortality is attributable to fluid
under-resuscitation, exacerbated by delayed presentation and inadequate supply of
intravenous fluids. Those who survive the initial burn shock are left vulnerable to wound
infections and ultimately severe sepsis [36]. Many hospitals do not have access to adequate
amounts silver nitrate, sulfamylon, antibiotics, or analgesics for appropriate wound care
[37]. Patients’ recovery may be further complicated by malnutrition and pre-existing
illnesses—such as HIV/AIDS, tuberculosis, or malaria [14,37]. As a result, patients with
burns exceeding 45% TBSA rarely survive; patients who do survive are often plagued by
scar contractures due to the absence of physical therapy and rehabilitation centers [14].
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Endeavors at the national level could play a role in reducing burn-related mortality. Malawi,
like other African countries, faces unique challenges in burn prevention strategies [13,17].
Many families cook over open fires or on unstable cooking stoves, leading to numerous
cooking-related burns [14]. Families in the community should be educated regarding fire
safety and provided with elevated, stable cooking stoves. Patients with epilepsy are
particularly vulnerable to burn, as they often do not have access to appropriate medication
[14,21,38,39]. Children are most affected by burns and should be the primary focus of
prevention strategies [40]. Parents and children should be educated about fire-safety, safe
handling and storage of flammable liquids and cooking stoves, and basic first-aid for scald
and flame burns. In addition, local and regional health workers should be provided with
basic supplies for burn first aid and training to assess burns and appropriately treat and refer
patients to the closest burn unit. This could be accomplished through both governmental and
non-governmental organizations prioritizing burn prevention programs, supporting existing
burn units, and promoting the establishment of new burn units, physical therapy centers, and
follow-up burn care centers at both central and district general hospitals.

This study was limited primarily by the available data. Hospital-based data collection is
relatively new at this institution [41] and the burn unit had been collecting data on burn
patients for just over one year at the time of this study, yielding a modest sample size. In
addition, patients with missing data had to be dropped from much of the analysis, further
limiting the sample size. The logistic regression analysis represents our best estimate of the
true LASO0 in this population, but we must acknowledge the limitations of this model,
particularly with high TBSA, where the data were sparse. Another major limitation of this
study is that burns are not designated as superficial, deep partial thickness, or deep full
thickness. Some of the increased mortality associated with flame burns compared to scald
burns may be due to differences in burn thickness. Similarly, presence of HIV, malaria, and
chronic malnutrition are not being uniformly recorded in this population. These diseases are
common in this region and may alter recovery from severe burns [18,19,39], although it is
unclear to what extent [42].

This study confirms and expands previous knowledge on the relationship between TBSA
and mortality among burn victims, particularly in a resource poor environment. We cannot
comment on the role of inhalational injury on mortality in this study as most burn in our
environment is outdoors and inhalational injury is rare. This is an important study in our
environment as it provides the basis for operational improvements such as aggressive
volume resuscitation and early excision and grafting and it provides a template for future
quality improvement and outcome measurement.

We anticipate that as burn care and data collection improve at the burn unit at KCH, the
LAS50 should continue to rise. However, the current lack of resources, operative staff, and
hospital personnel, as well as inadequate infrastructure, will continue to pose a significant
challenge in this developing nation.
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Fig. 1.
Distribution of TBSA* within the study population (n = 408).
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Fig. 2.
Distribution of time from admission to first procedure (n = 162).
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Fig. 3.
Number of operative procedures per patient (n = 454).
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Fig. 4.
Probability of death by TBSA*, adjusted for age and mechanism of burn.
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Patient characteristics.

Patient characteristics (n = 454) N Mean (£SD) or %P
Sex
Male 241 53%
Female 208 46%
Age
Mean 10.4 (¢15.1)
0-10 years 331 72.9%
11-20 years 42 9.3%
21-30 years 29 6.4%
31-40 years 20 4.4%
41-50 years 7 1.5%
51-60 years 6 1.3%
>60 years 11 2.4%
Type of burn
Scald (water) 176 38.7%
Scald (other) 60 13.2%
Flame 188 41.4%
Contact 7 1.5%
Electrical 4 0.9%
TBSA2
Overall mean 408 18.5 (+17.4)
By sex
Male 221 19.1 (£17.9)
Female 185 17.8 (+16.8)
By age
0-18 years 325 16.8 (+14.5)
19-60 years 69 23.5 (£22.9)
>60 years 10 40.7 (£34.9)
Time to presentation to hospital
0-6h 72 18.0%
>6-12 h 82 20.5%
>12-24h 95 23.7%
>24-48 h 27 6.7%
>48h 125 31.2%
Survival
Overall mean 422 82.2%
By sex
Male 224 80.4%
Female 196 84.2%
By age
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Patient characteristics (n = 454) N Mean (xSD) or %P

0-18 years 339 84.1%
19-60 years 68 79.4%
>60 years 11 36.4%

aTotal body surface area (%).

bCa’(egory percentages may not add up to 100% due to missing data.

Burns. Author manuscript; available in PMC 2014 December 01.

Page 15



1duasnue Joyiny vd-HIN

Tyson et al. Page 16

Table 2

Management of burn patients.

Type of management n o %2

Intravenous fluid resuscitation

Ordered or administered incorrectly 38 8.4

Not indicated 47 104
Late presentation 63 139
Ordered correctly 243 535
Operative procedure 360
Skin graft 168 46.7
Debridement 154 428
Escharotomy 17 4.7
Amputation or disarticulation 6 1.7
Trepanation 7 1.9
Contracture release 5 1.4
Other 3 08

aCategory percentages may not add up to 100% due to missing data.
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Table 3

Characteristics of patients who survived and patients who died.

Page 17

Patient characteristic n  Survived to discharge Died p-ValueP
Mean (+SD) or % Mean (+SD) or %
Total number 454 347 75
Sex 0.3
Male 224 80% 20%
Female 196 84% 16%
Age (years) 418 9.1 (£12.9) 15.9 (¥21.9) 0.0004
TBSAR 388 14% (+9.8) 39% (+26.3) <0.001
Type of burn <0.001
Scald 224 88% 12%
Flame 176 74% 26%
Time to presentation to hospital 0.006
0-6h 68 68%C 32%
>6-12 h 77 86%C 14%
>12-24h 90 84%C 16%
>24-48 h 26 73% 271%
>48 h 120 88%C 13%
Time to first procedure (days) 155 12.8 (¥14.3) 4.8 (x4.1) 0.01
Number of operative procedures 0.272
0 259 80% 20%
1 68 76% 24%
2 49 92% 8%
3 23 91% 9%
>4 23 96% 4%
Length of stay (days) 411 25.7 (£33.3) 9.4 (£11.6) <0.001

aTotal body surface area (%).

b . . . . .
Tests based on Pearson’s chi-square for categorical variables and t-tests for continuous variables.

cSurvivaI in patients presenting within the first 6 h is significantly less than survival in patients presenting 6-12, 12—-24, or greater than 48 h after

injury (p<0.01).
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