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Abstract

Introduction—Early excision and grafting remains the standard of care after burn injury. 

However, in a resource-limited setting, operative capacity often limits patient access to surgical 

intervention. This study sought to describe access to excision and grafting for adult burn patients 

in a sub-Saharan African burn unit and its relationship with burn-associated mortality.

Methods—We analyzed patients recorded in the Kamuzu Central Hospital Burn Registry in 

Lilongwe, Malawi from 2011–2019. We examined patient characteristics, interventions, and 

outcomes for adults aged ≥ 16 years. Modified Poisson regression modeling was used to identify 

risk factors for mortality.

Results—573 patients were included. Median age was 30 years (IQR 23–40) with a male 

preponderance (63%). Median percent total body surface area burned (%TBSA) was 15% (IQR 8–

26) and 68% of burns were caused by flame. 27% (n=154) had burn excision with skin grafting, 

with a median time to operation of 18 days (IQR 9–38). When adjusted for age, %TBSA, and time 

to presentation, operative intervention conferred a survival benefit for patients with flame burns 

with a RR 0.16 (95% CI 0.06, 0.42).

Conclusions—In a resource-limiting setting, access to the operating room is inadequate, and 

burn patients are not prioritized. While many scald burn patients may be managed with wound 

care alone, patients with flame burn require surgical intervention to improve clinical outcomes. 

Burn injury in this region continues to confer a high risk of mortality, and more investment in 

operative capacity is imperative.
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Introduction

Burns are tissue damage resulting from overexposure to heat, radiation, chemical, or 

electrical contact. They are a cause of significant mortality, morbidity from disability, and 

financial loss. Annually, burns are estimated to cause approximately 180,000 deaths 

worldwide, mostly in low- to middle-income countries (LMICs), which lack sufficient 

healthcare resources, both human and financial, to manage the complex needs of burn 

patients.[1, 2] Nearly two-thirds of the total burden of burns in LMICs occur in sub-Saharan 

Africa (SSA), which is disproportionally affected due to the high use of floor-level open fire 

for cooking, leading to a majority of burn injuries occurring in the home and putting both 

children and adults at high risk.[3–7]

Partial- and full-thickness burns, such as those commonly suffered after flame injury, present 

a special challenge in resource-limited environments as these burns often require surgical 

intervention rather than simple wound care. Evidence has demonstrated that early excision 

of burn wound eschar followed by coverage with a temporary biological dressing or 

autograft is superior to local wound care for patient outcomes.[8–10] Consequently, excision 

of non-viable tissue with surgical coverage has become the standard of care for burn 

management. With burn-associated mortality in SSA as high as 15–20%, interventions such 

as excision and grafting that improve morbidity and mortality are essential.[6] 

Unfortunately, available evidence suggests that access to this procedure is minimal in many 

LMICs.[11, 12]

Limited data exists from SSA on the epidemiology of adult burn patients and most published 

studies focus on pediatric patients.[6] In addition, there is minimal literature on the effect 

that limited access to operative intervention has on burn injury outcomes in adult patients. 

Consequently, we sought to describe the relationship between surgical excision and skin 

grafting and burn-associated mortality in an adult burn cohort in a resource-limited setting. 

We hypothesize that access to surgical intervention would reduce adult burn-related 

mortality at our center.

Methods

This study is a retrospective analysis of prospectively collected burn registry data at Kamuzu 

Central Hospital (KCH), a public, 900-bed tertiary care hospital in the capital city of 

Lilongwe, which serves as a referral center for approximately 6 million people in the central 

region of Malawi. The KCH Burn Unit was established in 2011 and has an average of 25–40 

admissions per month.[13] Pediatric and adult patients are admitted to separate areas of the 

same unit. The KCH Burn Unit is a 31-bed unit with five full-time nurses, two trained 

clinical officers, and a consultant plastic surgeon. The burn registry was established in June 

2011 to record patient information, including demographics, burn injury characteristics, type 

of operative intervention, and clinical outcomes.
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In this study, patients were included if they were ≥ 16 years old and were admitted to the 

KCH Burn Unit between June 2011 and December 2019. The primary aim of this study was 

to describe the relationship between operative intervention and mortality among adult burn 

patients. The primary outcome was all-cause, in-hospital mortality among adult burn 

patients admitted to the KCH Burn Unit. Operative intervention was defined as those who 

underwent burn wound excision with skin grafting.

We initially examined the characteristics of the study cohorts, comparing patients who 

underwent operative intervention to those who did not. To identify potential confounders of 

the relationship between the use of excision and grafting of burn injury and mortality, we 

examined available independent variables. We used bivariate analysis to evaluate the 

relationship between each of the independent variables and in-hospital mortality. Chi-

squared tests were utilized for the categorical variables and 2-sample t-tests for continuous 

variables. Medians of non-normally distributed continuous variables were tested using a 

Kruskal-Wallis test. Means were reported with standard deviations (SD) and medians with 

interquartile ranges (IQR). Overall crude mortality was calculated using all deaths in the 

study population.

We used a modified Poisson regression model to estimate the risk ratio for burn-associated 

mortality for patients who received burn excision and grafting versus those who did not, 

adjusting for confounders.[14, 15] After creating the initial model with mortality and 

potential confounders to the outcome, we used a change-in-effect method to remove 

covariates that did not substantially alter the relationship between the operative intervention 

and mortality. In addition, we tested for interaction in the model and reported those results. 

An unadjusted and adjusted risk ratio and 95% confidence interval are reported from the 

estimates of the final model. We also used a logistic regression model to estimate the 

predicted probability of death for each of the exposure groups.

All statistical analysis was performed using Stata/SE 16.0 (Stata- Corp LP, College Station, 

TX). Ethics approval was obtained from the University of North Carolina Institutional 

Review Board and the Malawi National Health Sciences Research Committee.

Results

During the study period, 573 adult patients were admitted to the KCH Burn Unit. The 

median age was 30 years (IQR 23–40), with a male preponderance (63%). Most patients had 

flame-associated burns (n=388, 68.0%) compared to either scald (n=152, 26.6%) or other 

mechanisms (n=31, 5.4%). Median percent total body surface area burned (%TBSA) was 

15% (IQR 8–26%). 154 patients had burn excision and skin grafting (26.9%).

Table 1 compares those who underwent burn operative intervention with those who did not. 

The median age and the proportion of male to female patients were very similar between the 

two groups, but patients who had operative intervention presented later compared to those 

who did not. The etiology of burn injury was different between the two cohorts, as noted in 

Table 1. Among the operative group, flame burns were significantly more common at 81.8% 

(n=126) versus 62.5% (n=262, p<0.001). Scald burns were less common for operative 
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patients (n=24, 15.6%) compared to non-operative patients (n=128, 30.6%). However, 

despite differences in burn etiology and mechanism, the %TBSA was very similar, with a 

median of 14–15% (IQR 7–20% and 9–30%, respectively) in both groups (p=0.2). Length of 

stay in the burn unit was significantly longer in the operative group with a median of 70 days 

(IQR 44–102) compared to just 12 days (IQR 5–30, p<0.001) in the non-operative group.

The median time to an operation was different between those with flame burns and those 

with non-flame burns at 18 days (IQR 9–38) and 11 days (IQR 5–19, p=0.008), respectively. 

Among the 154 patients who had excision and skin grafting, 63 (40.9%) only had excision 

or debridement at their first operation, while 82 (53.3%) also had skin grafting. 95 (62.9%) 

patients had more than one operation, with 46 patients (31.3%) having at least three separate 

procedures. Patients who required a second operation had a similar %TBSA compared to 

those who did not require a second procedure (12%, IQR 6–20) versus 14.5%, IQR 7–20, 

p=0.9). Patients requiring a second operation also had a similar proportion of flame burns at 

84.2% (n=80) compared to 76.8% (n=43, p=0.3) in those patients who did not have a second 

procedure.

Crude mortality was markedly lower in the operative group at 3.3% (n=5) versus 27.9% 

(n=117, p<0.001) in the non-operative group with an unadjusted risk ratio of death of 0.11 

(95% CI 0.05, 0.28, p<0.001) for the operative group. (Table 2) While burn depth was not 

available, the presence of flame burn served as a surrogate for burn depth given that flame 

burns are usually deeper than scald burns.[16] In testing, flame burn was determined to be a 

significant interaction term for our model (p=0.0002). Among patients with flame burn, 

crude mortality after an operation was 3.2% (n=4/126) compared to 39.7% (n=104/262, 

p<0.001) in those who did not have an operation. The difference in mortality was non-

significant among non-flame burn patients who did and did not have an operative 

intervention at 3.6% (n=1/26) and 8.4% (n=13/138, p=0.7), respectively. The unadjusted risk 

ratio for mortality in patients having an operation after flame burn was 0.08 (95% CI 0.03, 

0.21, p<0.001). The unadjusted risk ratio of mortality for patients with non-flame burn was 

not significant for those who underwent operative intervention. There was no benefit for 

patients who received excision only with no eventual skin grafting.

A modified Poisson model controlling for relevant confounders of burn-associated mortality 

showed an adjusted risk ratio of death after operative intervention for patients with flame 

burn to be 0.16 (95% CI 0.06, 0.42, p<0.001) when controlling for age, %TBSA, and time to 

presentation. For patients with a non-flame burn, the adjusted risk ratio was not significant. 

The adjusted predicted probability of death stratified by flame burn and surgical intervention 

is shown in Figure 1. The adjusted predicted probability of death after flame burn with 

surgical intervention was 0.04 (95% CI 0.01, 0.11) and 0.31 (95% CI 0.24, 0.39) without 

surgery. For those with non-flame burns, the adjusted predicted probability of death with 

surgery was 0.07 (95% CI 0.01–0.38) and 0.08 (95% CI 0.04, 0.16) without surgery. The 

median time to death for patients with flame burns who did not have surgery was 35 days 

(IQR 15–54 days) compared to 43.5 days (IQR 37–50 days, p=0.5) among patients with 

scald burns.
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Discussion

We report the first known description of the association between access to operative 

intervention and risk-adjusted clinical outcomes after burn injury in adult patients in sub-

Saharan Africa. Overall crude mortality was very high at our center in Malawi, but there was 

a clear benefit to burn excision with grafting for patients after flame burn injury with a 

nearly 85% reduction in the adjusted risk of death. On the other hand, patients with non-

flame burns did not have a significant mortality benefit after operative intervention. Excision 

without skin grafting had no mortality benefit for any group.

This study highlights the dearth of data available on adult burn outcomes in SSA. Most 

recent hospital-based data published from the region has focused on pediatric patients.[17–

22] A recent systematic review of the epidemiology of burn injuries in the WHO Africa 

region found that young children were at the most risk, with a 2016 study calculating that 

over 80% of reported burns had occurred in children less than 10 years old.[6, 7] However, 

based on these studies, it is clear that adults are also at high risk despite the lack of available 

data, with similarly poor outcomes as children. In addition, as in non-burn related traumatic 

injury, young adults are often the victim. A 2013 study from Kenya found that adults were 

more likely to be involved in burn injury associated with kerosene stove explosions, a 

common mechanism associated with cooking.[23] In 2014, a population-based cross-

sectional study from Sierra Leone showed that adults comprised at least half of the 

population that had suffered burns, and flame burns were more common among adults than 

children.[24] A similar study from Kenya determined that men were more likely to be 

hospitalized among adults, which is consistent with our study findings.[25] More data is 

needed on the epidemiology and outcomes of adult burn patients in SSA but the current 

literature suggests that burn centers must be prepared to treat adults, in addition to the large 

pediatric population, and adults may sustain deeper or more severe burn injuries.

The benefit of excision and skin grafting for deeper burns has been well described for both 

children and adults, with most data coming from high-income countries (HICs). Early 

excision of burn eschar helps prevent the release of inflammatory mediators and has been 

shown to reduce hospital length of stay, contracture, and organ failure, among other 

important clinical outcomes.[8, 26, 27] Unfortunately, the necessary surgical infrastructure 

to provide timely burn care is lacking in most LMICs with burn surgery substantially under-

resourced and not prioritized in most countries in SSA. [28–31] In 2014, a systematic review 

of burn management capacity in LMICs demonstrated that only about a third of hospitals 

were able to provide skin grafting or treat common burn complications.[12] Even when 

hospitals have the capability of offering these services, resources are limited, and not all 

patients have access. This is exhibited in our center as only a third of patients had an 

operative intervention, and there was a substantial delay for those who did. Consequently, 

access to surgery is often very limited for burn patients who may benefit from intervention, 

resulting in many patients being treated with wound care alone, increasing the hospital 

length of stay, and a delay in wound healing.[32, 33] Our study also shows that patients with 

flame burns, which are more likely to be deeper compared to scald burns, benefited 

significantly from surgical intervention. The lack of mortality benefit for patients with scald 

burns may demonstrate that a wound care approach is more reasonable for patients with 
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more superficial burns, although long-term outcomes are unknown. Additionally, patients 

who had excision and debridement either cohort did not have a mortality benefit suggesting 

that in an environment where temporary biological coverings are not available, skin grafting 

is necessary for wound cover to prevent complications such as sepsis and fluid loss.

Our study provides evidence that improvement in surgical infrastructure must be a priority in 

any strategy targeting victims of burn injury, especially those with deeper burns. Patients in 

our study clearly had access to burn care because they were able to reach a burn center and 

were admitted for burn care. Unfortunately, in our center and in many throughout the region, 

access to a burn unit does not guarantee access to operative intervention. It is much easier to 

admit a patient to the burn center than to organize the staffing and equipment needed to 

proceed with an operation. In a setting with severe resource limitations, even a few cases can 

be challenging to coordinate and complete, despite the clear survival advantaged afforded to 

patients whose burn was excised and grafted. Patients are triaged for surgery based on a 

number of factors including nutritional status, clinical stability, and the timing of when the 

operating room is actually available. We plan to use this study to improve patient selection 

for operative intervention and advocate for greater operating room access from the hospital 

administration.

Of course, the task of providing reliable surgical access to burn patients is only a part of the 

challenge. Burn management necessitates a comprehensive clinical strategy that includes 

initial resuscitation, intensive wound care, and nutrition optimization, in addition to 

resources needed for safe operative intervention. Each step requires skilled nurses, surgeons, 

wound care supplies, and sufficient space to treat patients with appropriate isolation.[34] 

Early excision may be detrimental to patients without this infrastructure as they require 

adequate preoperative resuscitation and available robust transfusion service.[35] Our study 

also shows that patients who presented later to the burn center had better outcomes. This 

may represent a patient selection bias, whereas patients who are very sick are unable to 

make it to the hospital or are triaged out of surgery. It is also possible that some very sick 

patients who were able to reach the burn center with flame burns were triaged out of surgery 

in favor of others who were more stable. However, given that the median time of death for 

patients with flame burns who did not have an operation was over four weeks, this seems 

less likely with the data suggesting that most of these people suffered a later death, not an 

early one. So, while improvements in burn care must include greater access to the operating 

room for patients, there must be parallel enhancements in perioperative care, including 

monitored resuscitation, anesthesia support, and targeted transfusion when needed.[36]

Another implication of our study is that resource optimization at centers in LMICs is 

imperative to improve patient outcomes. Specific patient populations clearly benefited more 

from surgery than others. Consequently, burn surgeons must be thoughtful in triaging 

patients who would most benefit from excision and grafting, prioritizing those with deeper 

wounds. Burn care is expensive, and costs increase with larger burns, so optimal utilization 

of available resources is imperative to improve burn-associated mortality.[34] This will 

require careful deliberation on ethical frameworks to help surgeons make difficult decisions 

on patient selection in resource-limited environments.[37]
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Outside of improving surgical access for burn patients, burn injury prevention programs are 

also essential. While a review of prevention efforts is outside the scope of this study, most 

published programs have focused on improving safety for children. However, evidence 

suggests that efforts focusing on both adults and children are beneficial and may have a 

more significant impact.[38, 39]

Our study is limited by only including patients that survived long enough to present to the 

hospital. Consequently, patients in our catchment area with substantial burn injury may not 

have been captured in our data if they were too sick to survive until evaluation. We have 

attempted to mitigate our retrospective methodology by controlling for risk factors 

commonly identified as contributing to mortality such as age and %TBSA. Our study also 

lacks more detailed information on common outcomes associated with burn injuries such as 

pneumonia, acute kidney injury, and sepsis. Unfortunately, due to severe resource 

constraints, these data are not available.

Conclusion

In a resource-limiting setting, access to the operating room is inadequate, and burn patients 

are not prioritized. While many scald burn patients may be managed with wound care alone, 

patients with flame burn require surgical intervention to improve clinical outcomes. Burn 

injury in this region continues to confer a high risk of mortality and more investment in 

operative capacity is imperative.
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Figure 1. 
The adjusted predicted probability of burn-associated mortality based on whether the patient 

underwent operative intervention, stratified by patients with and without flame burns.
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Table 1.

Characteristics of patients who underwent burn excision and grafting versus those who did not

Operative Patients (n=154, 26.9%) Non-Operative Patients (n=419, 73.1%) p value

Patient Age (years)

Median (IQR) 30 (22–38) 30 (23–43) 0.3

Gender: N (%)

Female 59 (38.3) 152 (36.3) 0.7

Male 95 (61.7) 267 (63.7)

Missing 0 (0.0) 0 (0.0)

Time to Presentation

0–24 hours 54 (35.1) 254 (60.6) <0.001

24–48 hours 7 (4.5) 33 (7.9)

> 48 hours 91 (59.1) 120 (28.6)

Missing 2 (1.3) 12 (2.9)

Cause of Burn Injury: N (%)

Cooking Related 21 (13.6) 97 (23.2) <0.001

Clothes Caught Fire 24 (15.6) 50 (11.9)

Fell into Fire 79 (51.3) 122 (29.2)

House Fire 4 (2.6) 27 (6.4)

Explosion 4 (2.6) 25 (6.0)

Mob Justice 3 (2.0) 12 (2.9)

Other 19 (12.3) 79 (18.9)

Missing 0 (0.0) 7 (1.7)

Type of Burn: N (%)

Scald Burn 24 (15.6) 128 (30.6) <0.001

Flame Burn 126 (81.8) 262 (62.5)

Other 4 (2.6) 27 (6.4)

Missing 0 (0.0) 2 (0.5)

% Total Burn Surface Area (TBSA)

Burn

Median (IQR) 14 (7–20) 15 (9–30) 0.2

Length of Stay

Median (IQR) 70 (44–102) 12 (5–30) <0.001
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Table 2.

Clinical outcomes comparing patients who underwent burn excision and grafting versus those who did not.

Operative Patients (n=154, 26.9%) Non-Operative Patients (n=419, 
73.1%)

p value

Crude Mortality (In-hospital)

All Patients: N (%) 5/154 (3.3) 117/419 (27.9) <0.001

Patients with Flame Burn: N(%) 4/126 (3.2) 104/262 (39.7) <0.001

Patients with Non-Flame Burn: N(%) 1/26 (3.6) 13/138 (8.4) 0.7

Unadjusted Risk of Death

All Patients: Risk Ratio (95% CI) 0.11 (0.05, 0.28) -- <0.001

Patients with Flame Burn: Risk Ratio (95% CI) 0.08 (0.03, 0.21) <0.001

Patients with Non-Flame Burn: Risk Ratio (95% CI) 0.43 (0.06, 3.17) 0.4

Adjusted Risk of Death

Patients with Flame Burn: Risk Ratio (95% CI) 0.16 (0.06, 0.42) -- <0.001

Patients with Non-Flame Burn: Risk Ratio (95% CI) 1.39 (0.13, 15.2) -- 0.8
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