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Abstract: Modern burn care has led to unprecedented survival rates in burn patients whose injuries 

were fatal a few decades ago. Along with improved survival, new challenges have emerged in the 

management of burn patients. Infections top the list of the most common complication after burns, 

and sepsis is the leading cause of death in both adult and pediatric burn patients. The diagnosis 

and management of sepsis in burns is complex as a tremendous hypermetabolic response second-

ary to burn injury can be superimposed on systemic infection, leading to organ dysfunction. The 

management of a septic burn patient represents a challenging scenario that is commonly encoun-

tered by providers caring for burn patients despite preventive efforts. Here, we discuss the current 

perspectives in the diagnosis and treatment of sepsis and septic shock in burn patients.
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Introduction
Modern burn care has led to unprecedented survival rates for burn patients whose 

injuries were considered fatal a few decades ago. Improved survival has been met with 

new challenges in the management of burn patients. Infections are the most common 

complications after burns, with pneumonia, urinary tract infections, and cellulitis being 

the most frequent complications in hospitalized burn patients.1 Furthermore, sepsis is 

the leading cause of mortality in adult and pediatric burn patients. Rates of sepsis-related 

death are 50%–84% in adult burn patients and ~55% in pediatric burn patients.2–5

Burn injury alters the integrity of the skin, the primary barrier against pathogens 

found in the environment. Therefore, thermal injury, itself, increases the risk of infec-

tions. In addition, a subsequent state of systemic inflammation and burn-induced immu-

nosuppression leads to an even greater susceptibility to infections and sepsis.6–8

No single validated diagnostic test for sepsis currently exists, and identification 

of sepsis relies on the use of combined clinical and laboratory criteria.9 Furthermore, 

the diagnosis of sepsis in patients with severe burns (.20% total body surface area 

[TBSA]) is particularly complicated by the overlap of clinical signs of the postburn 

hypermetabolic response with those of sepsis.10

Optimal treatment of sepsis (in burned and nonburn patients) depends on early 

diagnosis and includes prompt administration of antimicrobials as well as manage-

ment of hemodynamic alterations and other organ dysfunctions.11 Delays in the 

initiation of antimicrobial treatment may be associated with greater mortality and 

poorer outcomes.12,13 Administration of antimicrobial therapy during the first hour of 

hypotension in adult patients with septic shock is associated with greater survival.14 

Therefore, high suspicion, timely diagnosis, and rapid treatment of sepsis are key 
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elements to increasing the odds of favorable outcomes in a 

population at risk for infectious complications.

Sepsis: unsteady definitions
Despite significant advances in understanding the biologic 

alterations that accompany sepsis, this pathophysiological 

phenomenon continues to be incompletely understood.9 

Indeed, the definition of sepsis has evolved over time. The ini-

tial American College of Chest Physicians/Society of Critical 

Care Medicine (ACCP/SCCM) definition published in 1991 

focused mainly on systemic inflammation and considered 

sepsis a continuum of the systemic inflammatory response 

syndrome (SIRS) to infection. Sepsis with organ dysfunc-

tion was termed “severe sepsis,” while “septic shock” was 

defined as “sepsis-induced hypotension persisting despite 

adequate fluid resuscitation.”15 In 2001, the definition was 

revised without substantial changes.16

Considering that most of the patients with large burns 

meet SIRS criteria, the early definitions of sepsis were overly 

inclusive and of limited benefit in identifying burn patients 

with sepsis. The American Burn Association (ABA) held a 

multidisciplinary consensus conference in 2007 to define 

sepsis in burn patients. It recognized the irrelevance of the 

term “severe sepsis” and incorporated elements of organ 

dysfunction into the diagnostic criteria.10

The 2007 ABA consensus report lacks a strict definition 

of sepsis but proposes that the presence of at least 3 clinical 

or laboratory criteria (Table 1) should trigger concern of 

infection and should lead to the presumptive diagnosis of 

sepsis. After these conditions are met, the experts recom-

mend searching for a source of infection, emphasizing 

that a definitive diagnosis of sepsis must be accompanied 

by documented evidence of infection (positive culture, 

identification of pathologic source, or clinical response to 

antimicrobials).10

Most recently, in 2016, the international consensus 

(sepsis-3) substantially modified the definition. Sepsis was 

defined as a “life-threatening organ dysfunction caused by 

a dysregulated host response to infection.”9 In other words, 

it is regarded as a dysregulated response to infection mani-

fested as organ dysfunction. Therefore, the term severe sepsis 

is now considered obsolete.9

Adoption of the new definition of sepsis from the latest 

international consensus (sepsis-3) by the burn community 

bears consideration. Similar to the 2007 ABA sepsis defini-

tion, the sepsis-3 diagnostic criteria include evidence of 

organ dysfunction.9,10 The sepsis-3 criteria might be more 

practical in clinical practice because they entail the use 

of a standardized approach (ie, Sequential Organ Failure 

Assessment [SOFA] score) to assess the clinical criteria of 

organ dysfunction17 (Table 2). The SOFA score is associated 

with greater prognostic accuracy for in-hospital mortality of 

patients with suspected infection in the intensive care unit 

(ICU).18 In addition, a simplified version of the SOFA score, 

the quick SOFA score is a validated mortality predictor for 

patients with suspected infection outside the ICU.18,19 Use of 

these score systems would not only be practical, but would 

also help operationalize the diagnosis of sepsis in burn 

patients. However, we acknowledge that these scores have 

not been validated in burn patients.

Sepsis in burn patients: diagnostic 
and prognostic tools
The importance of early diagnosis of sepsis and prompt 

initiation of treatment cannot be overemphasized. Research 

efforts to identify biomarkers that can assist in the diagnosis 

Table 1 ABA 2007 diagnostic criteria of sepsis in burn patients

Children Adults

Progressive tachycardia .2 SD age-specific norms (85% age-adjusted 
maximum heart rate)

.110 bpma

Progressive tachypnea .2 SD age-specific norms (85% age-adjusted 
maximum respiratory rate)

.25 bpmb (not ventilated) or .12 L/min 
(ventilated)

Thrombocytopenia (applicable only 3 days  
after initial resuscitation)

,2 SD age-specific norms ,100×103/µL

Hyperglycemia (without preexisting diabetes 
mellitus)

.200 mg/dL (without treatment) or 
insulin resistance: .25% increase in insulin 
requirements in 24 hours

.200 mg/dL (without treatment) or insulin 
resistance: .7 iU/hour iv insulin

inability to continue enteral feedings .24 hours Abdominal distension, enteral feeding 
intolerance (residual .150 mL/h), 
uncontrollable diarrhea

Abdominal distension, enteral feeding 
intolerance (residual .2× feeding rate), 
uncontrollable diarrhea

Notes: aBeats per minute; bBreaths per minute. Reproduced with permission from Greenhalgh DG, Saffle JR, Holmes JH 4th, et al. American Burn Association consensus 
conference to define sepsis and infection in burns. J Burn Care Res. 2007;28(6):776–790, http://journals.lww.com/burncareresearch/Abstract/2007/11000/American_Burn_
Association_Consensus_Conference_to.2.aspx.10

Abbreviations: ABA, American Burn Association; SD, standard deviation.
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and management of sepsis have multiplied over past years.20,21 

The “ideal biomarker,” as proposed by Dupuy et al, should 

aid the identification of the disease [sepsis], aid direct therapy, 

stratify patients according to individual risk factors, and be 

readily available for routine clinical use.21 A single biomarker 

that fulfills all these requirements has not yet been identified. 

However, in this section, we present an overview of the latest 

advances in sepsis biomarkers in burn patients.

Procalcitonin
Procalcitonin (PCT) is one of the most studied biomarkers 

in bacterial infections and sepsis, and it is currently used 

clinically.22,23 This 116-amino acid polypeptide is the prohor-

mone of calcitonin, has a short half-life (25–30 hours), and is 

encoded by the CALC-1 gene. Under normal conditions, PCT 

is produced by neuroendocrine cells, mainly in the thyroid 

(C-cells), where it undergoes posttranslational changes to 

produce calcitonin, which regulates calcium metabolism. 

It is also produced in low amounts in other neuroendocrine 

cells in the intestine and lungs.24–26 The CALC-1 gene is nor-

mally suppressed in nonendocrine tissues. Bacterial infection 

stimulates CALC-1 gene transcription in nonendocrine cells, 

leading to increased PCT production.25,27 PCT levels increase 

as early as 3 hours after bacterial infection, reaching a peak 

around 20 hours. After resolution of the infectious process, 

PCT levels decrease by ~50% every day.23 The function of 

PCT is unclear; however, the considerable increase in PCT 

in relation to other indicators of bacterial infections has 

propelled the use of PCT as a biomarker for infection and 

sepsis since the 1990s.22,28,29 PCT elevation is associated with 

bacterial infections but not with viral infections.28,30 Several 

studies (using a variety of patient populations, various PCT 

assays, and different criteria to determine sepsis) have been 

conducted to compare PCT to standard laboratory tests such 

as white blood cell (WBC) count and C-reactive protein 

(CRP). Although results have been mixed (CPR equivalent 

or superior),31–33 most of the evidence indicate that PCT is 

superior to CRP when used in the diagnosis of sepsis in 

nonburn patients.34–39 Furthermore, Brunkhorst et al showed 

that higher levels of PCT are associated with greater sepsis 

severity, and specific cutoff levels are associated with severe 

sepsis and septic shock in critically ill patients.40

PCT has also been studied as a tool for sepsis prognosis 

and diagnosis in burn patients, although not as extensively as 

for other critically ill populations. In a pioneer study includ-

ing nine burn patients, Assicot et al were the first to report 

increased serum levels of PCT after burn injury and described 

the association of serum PCT levels with the development 

of infections, sepsis, and septic shock.22

Subsequent studies evaluating the value of PCT as bio-

marker of sepsis in burn patients have yielded inconsistent 

results. In 1998, von Heimburg et al studied 27 adult burn 

patients and found that PCT values correlated with sepsis 

(r=0.84) and that peak but not admission PCT levels were 

correlated with burn size. No correlation was found between 

initial PCT levels (at admission) and burn size. Importantly, 

Table 2 Sepsis-related organ failure assessment (SOFA) score17

Score

0 1 2 3 4

Respiratory system
PaO2/FiO2 (mmHg) $400 ,400 ,300 ,200 with respiratory 

support
,100 with respiratory 
support

Hepatic system
Bilirubin (mg/dL) ,1.2 1.2–1.9 2.0–5.9 6.0–11.9 .12.0
Cardiovascular system

MAP $70 mmHg MAP ,70 mmHg Dopamine ,5 or 
dobutamine (any dose)a

Dopamine 5.1–15 or 
epinephrine #0.1 or 
norepinephrine #0.1a

Dopamine .15 or 
epinephrine .0.1 or 
norepinephrine .0.1a

Coagulation
Platelets ×103/µL $150 ,150 ,100 ,50 ,20
Central nervous system
Glasgow coma scale 15 13–14 10–12 6–9 ,6
Renal system
Creatinine (mg/dL) ,1.2 1.2–1.9 2.0–3.4 3.5–4.9 .5.0
Urine output (mL/d) ,500 ,200

Notes: aAll catecholamine doses represent µg/kg/min. Organ dysfunction is identified as an increase in the SOFA score of $2 points. in patients with not known preexisting 
organ dysfunction, the baseline SOFA score is assumed to be zero. Intensive Care Med. The SOFA (Sepsis-related Organ Failure Assessment) score to describe organ 
dysfunction/failure. On behalf of the Working Group on Sepsis-Related Problems of the European Society of Intensive Care Medicine. 22(7), 1996, 707–710, Vincent JL, 
Moreno R, Takala J, et al. with permission of Springer.17

Abbreviations: PaO2, partial pressure of oxygen; FiO2, fraction of inspired oxygen; MAP, mean arterial pressure.
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the authors concluded that the trend over time of serum 

PCT values was more useful than an isolated value in the 

diagnosis of sepsis.39

Lavrentieva et al reported that increased PCT levels 

were associated with sepsis in burn patients; the area under 

the (receiver operating characteristic) curve (AUC) was 

0.98 (95% CI =0.9–1.0).41 Several other studies showed 

evidence that PCT can be used as an indicator of sepsis 

in burn patients.42–45 Conversely, a retrospective study by 

Seoane et al that included 34 episodes of suspected infection 

in 17 adult burn patients found no difference in PCT levels 

between patients with confirmed and nonconfirmed sepsis.46 

In 2014, Paratz et al found no association between PCT 

elevation and sepsis in a prospective study including adult 

burn patients requiring mechanical ventilation: AUC was 

0.38 (95% CI =0.29–0.46).47 Two additional studies failed 

to show the validity of PCT as a sepsis biomarker in adult 

and pediatric burn patients, as reflected by poor sensitivity 

and specificity.48,49

A recent meta-analysis of 12 heterogeneous studies of 

PCT as a sepsis biomarker in burn patients yielded an overall 

area under the summary receiver operating characteristic 

curve of 0.87, a sensitivity of 0.77, and a specificity of 0.65. 

Moreover, the mean estimate between burn patients with and 

without sepsis was compared; the mean PCT level in patients 

with sepsis was 46.8 ng/mL (95% CI =2.5–91.1) and without 

sepsis was 0.9 ng/mL (95% CI =0.1–1.6). These results led 

Cabral et al to propose that PCT serum levels greater than 

1.5 ng/mL serve as indicator of sepsis and should trigger 

initiation of antibiotic therapy.50

In addition, PCT levels have been used to guide de-

escalation and duration of antibiotic therapy. PCT-guided 

therapy reduces the duration of antibiotic exposure by 

3.5 days in patients with respiratory infections without 

increasing mortality or treatment failure.51 Similarly, a meta-

analysis including 14 clinical trials showed less antibiotic use 

in patients treated for respiratory infections in outpatient and 

critical care settings.52 In comparison, in septic patients, the 

use of PCT-based algorithms was initially associated with 

reduction of the duration of antibiotic therapy but not with 

decreased mortality or decreased length of hospital stay.53 

However, more recent studies have failed to reproduce the 

benefit of PCT-based algorithms in the ICU setting, showing 

no decrease of the duration of antibiotic therapy in sepsis.54 

Similarly, the results of a recent meta-analysis do not sup-

port the use of PCT-guided antimicrobial therapy to improve 

clinical outcomes or shorten antibiotic therapy of patients 

with sepsis.55

In sum, the latest evidence seems to support the use of 

PCT as an adjuvant in the early detection of sepsis in burn 

patients. However, cutoff values must be interpreted with 

caution and attention must be directed to evaluating the trend 

over time. Future large-scale studies are needed to validate 

the use of PCT as an indicator of prognosis and responsive-

ness to antimicrobial therapy in burn patients.

Tumor necrosis factor alpha
Tumor necrosis factor-alpha (TNF-alpha) is one of the 

most studied proinflammatory cytokines. It is produced by 

several cell types in response to different stressors including 

endotoxin, bacterial products, complement system activa-

tion, other cytokines, hypoxemia, and ischemia/reperfu-

sion. TNF-alpha exhibits several physiological functions: 

activates monocytes/macrophages and natural killer (NK) 

cells; is implicated in the induction of apoptosis and cell 

survival; causes vasodilation by inducing the production of 

nitric oxide; promotes neutrophils chemotaxis; and activates 

prothrombotic and fibrinolytic pathways.56,57 Serum TNF-

alpha is elevated after burn patients, with higher levels 

observed in those who develop sepsis.43,58–60 Arslan et al 

found that a decrease in serum TNF-alpha level is associ-

ated with improved survival in burn patients with sepsis, 

pointing to the potential prognostic value of TNF-alpha in 

this setting.61

interleukin-6
Interleukin-6 (IL-6) is a pleiotropic cytokine constitutively 

expressed in leukocytes, liver, spleen, and kidney, and it 

is inducible in most cell types. IL-6 has a broad range of 

immune functions, including modulation of the acute-phase 

response, induction of fever, stimulation of stress hormone 

production, hematopoiesis, and immune cell maturation 

and activation.62–64 Higher levels of IL-6 are observed in 

burn patients with sepsis.43,65 IL-6 has been identified as a 

potential prognostic marker for mortality in burn patients 

and is correlated with burn size.43,59,66 In a murine model of 

endotoxin-induced sepsis and burn injury, combined inhibi-

tion of IL-6 and the IL-6 receptor increased survival, point-

ing to a role for IL-6 in sepsis and sepsis-related death.67,68 

In addition, Zhang et al showed, in mice, that IL-6 is involved 

in cardiac dysfunction accompanying burn injury compli-

cated with sepsis.69 A recent meta-analysis was conducted 

to determine the utility of IL-6 as a biomarker of sepsis in 

trauma patients and found that IL-6 had a similar diagnostic 

value as PCT, with a relatively high specificity (78%) and 

low sensitivity (68%). These findings support its potential 
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use as a confirmatory test rather than its use to exclude the 

diagnosis of sepsis.70

interleukin-8
IL-8 is a proinflammatory cytokine produced mainly by mac-

rophages, monocytes, and endothelial cells. IL-8 promotes 

migration and activation of neutrophils, inducing chemot-

axis and oxidative burst.71,72 The potential utility of IL-8 as 

a predictor of sepsis in burn patients was first reported in 

1995, when a study of 27 adult patients showed that serum 

IL-8 peaks after thermal injury and that a distinctive second 

peak is observed only in patients who develop sepsis.59,73,74 

In 2008, Kraft et al studied the expression profile of 17 dif-

ferent cytokines in 468 pediatric patients with severe burns 

(.30% TBSA) and categorized patients into 2 groups based 

on IL-8 levels (cutoff value 234 pg/mL). The authors reported 

that serum IL-8 values correlated with sepsis in patients with 

elevated IL-8 (.234 pg/mL). However, a similar association 

was not found in burned children who had low serum IL-8 

values (,234 pg/mL).75

interleukin-10
IL-10 is an anti-inflammatory cytokine that regulates the 

proliferation and activation of immune cells such as mac-

rophages, B cells, Th1 cells, and NK cells.76 IL-10 inhibits 

the production of proinflammatory cytokines (IL-2, IL-3, 

IL-4, IL-2, and TNF-alpha).77 Serum IL-10 levels are 

elevated in sepsis; however, the “hyperactivation” of an 

anti-inflammatory response (ie, disproportionate produc-

tion of IL-10) is thought to be linked to late mortality in 

sepsis (6 days after onset of sepsis).78,79 IL-10 serum levels 

increase after burn injury and progressively decline over time; 

however, persistent elevation might be related to infection, 

sepsis, or increased risk of mortality.80,81 Finnerty et al studied 

the cytokine profile of burned children and showed that 

patients with sepsis have higher levels of serum IL-10 than 

nonseptic patients. Nevertheless, IL-10 was not associated 

with mortality from sepsis in this study.59

Presepsin
Presepsin is the soluble form of cluster of differentiation 14 

(CD14), a glycoprotein that functions as receptor for endo-

toxin complexes triggering signal transduction pathways 

implicated in systemic inflammation.82,83 Presepsin has been 

identified as an early indicator of sepsis, and serum presepsin 

levels have a positive association with sepsis severity.84–86 

Behnes et al described the value of presepsin as a prognostic 

tool for mortality in critically ill patients with sepsis.86 Only 

one study has evaluated the utility of presepsin in identify-

ing sepsis in burn patients. Madenci et al reported increased 

levels of presepsin in burn patients who developed sepsis 

and reported a relatively high diagnostic accuracy (AUC 

0.83), similar to that of PCT in the same study (AUC 0.85). 

Notably, elevation of presepsin preceded elevations in PCT, 

WBC, and CRP by 1 day.87 Based on current evidence and 

as observed with other biomarkers, despite being a useful 

adjunct diagnostic tool, presepsin alone cannot be used to 

identify or rule out sepsis.88

Single-nucleotide polymorphisms
Single-nucleotide polymorphisms (SNPs), variations in a 

nucleotide at a specific chromosome location, have been 

linked to sepsis susceptibility and differences in prognosis.89 

Barber et al identified specific toll-like receptor 4 and TNF-

alpha SNPs associated with increased risk of sepsis after 

burn injury.90 In a subsequent study, the same group identi-

fied IL-10 SNPs potentially associated with reduced risk of 

mortality.91

Transcriptome
Gene-expression patterns in circulating leukocytes after blunt 

trauma and thermal injury have been analyzed and compared 

to those in healthy subjects. The leukocyte transcriptome 

shifts toward increased expression of genes involved in 

innate immunity and the inflammatory response.92,93 These 

changes can persist ~90 days after burn injury. In addition, 

the development of infections, sepsis, and organ failure 

affect changes in expression of particular genes over time, 

as compared to an uncomplicated clinical course.92

Metabolomics
Because of the drastic metabolic changes that take place after 

burn injury, which are characterized by a hypercatabolic 

state,94 the study of the metabolic networks (ie, metabolites 

and involved signaling pathways) might provide potential 

prognostic tools in burn patients. Instead of evaluating 

individual parameters (metabolites), 1H-nuclear magnetic 

resonance (NMR) can be used to assess systemic changes in 

metabolically active molecules and paired with mathematical 

modeling to study a metabolic profile or metabolome.95,96 

Zhang et al used NMR integrated with network analysis 

to show complex metabolic alterations in burn patients 

and crated a quantitative injury severity scoring system.97 

However, the use of metabolome analysis as a prognostic 

tool to predict sepsis or survival in burn patients has not yet 

been validated.
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Management of sepsis in burn 
patients
The Surviving Sepsis Campaign provides general treatment 

guidelines and recommendations, most of which are appli-

cable to burn patients.98 After the presumptive diagnosis of 

sepsis has been established, biological samples should be 

collected for microbiological studies and fluid resuscitation 

should be started immediately, along with timely (within 

1 hour) initiation of antimicrobial therapy followed by source 

control when feasible. Although controversy exists as to 

whether any survival benefit is derived from the “one hour 

rule,”12,13,99 adhering to the principle of early initiation of anti-

biotic therapy is reasonable, considering that the vast majority 

of burn patients who develop sepsis are hospitalized.

Resuscitation
Burn patients receive large amounts of fluid as part of the 

initial fluid resuscitation immediately after thermal injury. 

After resuscitation and stabilization, thorough clinical 

examination and monitoring of physiologic variables must 

be performed regularly to tailor therapeutic interventions that 

favor euvolemia (ie, judicious use of fluids and administra-

tion of diuretics when necessary).100 Sepsis and septic shock 

are medical emergencies; patients are usually intravascularly 

depleted and require fluid administration. In nonburn patients, 

an initial administration of at least 30 mL/kg of intrave-

nous crystalloids is recommended to treat sepsis-induced 

hypoperfusion, followed by additional fluids as required, 

based on hemodynamic status.98 Methods used to monitor 

burn resuscitation can also be used to guide resuscitation in 

sepsis management of burn patients. These methods have 

been recently reviewed.101 The volume and type of fluids 

administered to septic burn patients will be dictated by sev-

eral factors including patient age, fluid creep (excessive fluid 

administration during acute burn resuscitation),102 cardiac 

and renal function, and increased insensible water loss due 

to noncovered burn wounds. Ideally, a mean arterial pres-

sure (MAP) $65 mmHg and a normalized level of lactate 

are the targets of fluid resuscitation, as both hypotension and 

hyperlactatemia are indicators of tissue hypoperfusion.98,103

Antimicrobial therapy
Appropriate intravenous antimicrobial therapy should 

preferably be started within 1 hour. However, no standard 

regimen that is suitable for all burn patients with sepsis can 

be recommended. Antibiotic selection must be individual-

ized and include one or more broad-spectrum antibiotics 

that cover the most likely pathogens, based on data from the 

local antibiogram. Most cases of sepsis in burn patients are 

secondary to infected burn wounds; Pseudomonas aerugi-

nosa and methicillin-resistant Staphylococcus aureus are 

the most common isolated organisms causing infection in 

burn patients.104–106 However, several variables that must 

be considered when selecting an antibiotic regimen include 

epidemiologic factors (patients transferred from other facili-

ties with different pathogens and resistance patterns); patient 

history (preexisting diseases, recent infections, prior use of 

antibiotics, immunosuppressed status, drug allergies); and 

clinical presentation. Septic shock should be treated with 

at least two antibiotics of different classes; the anatomic 

site of infection can provide clues as to pathogen type and 

antibiotic penetration.98 Timely initiation and appropriate 

choice of antibiotics increase the chances of survival, while 

inadequate antimicrobial treatment has been associated with 

increased mortality.107–109

Modifications in the dose of antimicrobials might be nec-

essary to ensure a therapeutic effect and avoid drug toxicity. 

These modifications might be dictated by patient charac-

teristics such as preexisting kidney disease or deterioration 

of kidney function, or they might be needed owing to drug 

pharmacokinetics. For instance, vancomycin levels should 

be monitored daily to maintain levels within the therapeutic 

range (10–15 µg/mL).104 Special attention must be paid to 

the combination of antibiotics used; some combinations may 

increase toxicity. For example, vancomycin and piperacillin/

tazobactam pose a higher risk of nephrotoxicity than vanco-

mycin and meropenem or vancomycin and cefepime.110,111

Once pathogen identification and sensitivities are 

known, antibiotic de-escalation is recommended, that is, 

replace broad-spectrum antibiotics with narrow-spectrum 

antibiotics, decrease the number of antibiotics, or terminate 

antibiotic therapy early. However, this practice is currently 

controversial, as the benefit of decreased mortality found in 

observational studies has not been consistently replicated in 

clinical trials or meta-analyses.112–114 Despite the lack of evi-

dence indicating decreased mortality, antibiotic de-escalation 

is safe and can be implemented in the management of septic 

burn patients when supported by both microbiological data 

and clinical judgement.115

The appearance of new multidrug-resistant organisms 

(MDROs) is an increasing problem in burn centers across the 

world.104,116,117 Colistin, an old antibiotic discontinued because 

of its nephrotoxicity, has re-emerged as an useful agent in 

the treatment of infections caused by MDRO.118,119 However, 

due to the use of colistin, the appearance of colistin-resistant 

organisms is worrisome, as available therapeutic options 
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seem scarce; some studies have reported the usefulness of 

combination therapy (eg, colistin, amikacin, tigecycline) 

in the treatment of colistin-resistant infections.120,121 Early 

consultation of infectious diseases specialists is advo-

cated in challenging cases. A duration of at least 7 days 

of systemic antibiotics is recommended. Longer treatment 

courses must be indicated based on clinical response.98 The 

effectiveness of a short-duration course of antimicrobial 

therapy has been demonstrated in a broad spectrum of severe 

infections.122–124

The management of sepsis secondary to fungal or viral 

infections follows the same principles, and systemic antifun-

gals or antivirals must be administered, respectively. Bacte-

rial coinfection is common in these circumstances. Therefore, 

antibiotic coverage is also recommended. Sepsis secondary 

to fungal infection is suspected when a favorable response 

is not observed after appropriate broad-spectrum antibiotic 

coverage. Burn patients have several risk factors for fungal 

infections including open wounds, immunocompromised 

status, indwelling catheters, serial surgical procedures, the 

use of hydrotherapy, prolonged administration of antibiotics, 

and prolonged hospitalizations.125,126 Central venous catheters 

should be removed once fungemia is identified. The choice of 

antifungal agent must be tailored to cover the most prevalent 

pathogens in the local burn unit. Empirically, triazoles can 

be used in stable patients, while liposomal amphotericin B 

or echinocandins are preferred in the presence of hemody-

namic compromise, severe infections, or prior exposure to 

triazoles. Local resistance pattern data and susceptibility 

results are valuable tools to guide antifungal selection. The 

duration of antifungal treatment is variable. In general, burn 

patients with fungemia are treated for at least 2 weeks after 

obtaining negative blood cultures. Invasive fungal infections 

require aggressive surgical treatment to limit the propagation 

of the infection and a longer duration of antifungal therapy 

and consultation with an infectious diseases specialist is 

recommended.

vasoactive medications
Vasopressor therapy is recommended in patients who fail 

to reach resuscitation targets despite fluid administration. 

Norepinephrine is the first vasopressor that should be used. 

If another vasopressor needs to be added, either vasopressin 

or epinephrine can be considered;127 dopamine can be used 

in patients with a low risk of cardiac arrhythmias and prefer-

ably after reaching euvolemia.128 Continuous hemodynamic 

monitoring is mandatory for patients receiving vasoactive 

medications, which should be titrated to achieve tissue 

perfusion using the lowest dose possible.98 If hypotension is 

refractory (ie, systolic blood pressure ,90 mmHg persists 

for more than 1 hour despite fluid resuscitation and vaso-

pressors), adrenal insufficiency must be considered. In these 

cases, a low dose of hydrocortisone should be administered. 

Low-dose hydrocortisone has been linked to decreased 

mortality in septic shock patients in some clinical trials, 

while other studies have shown no survival benefit. A recent 

randomized clinical trial in severely burn patients showed 

that low-dose hydrocortisone decreases norepinephrine 

requirements during initial resuscitation following burns.78 

A similar study in burn patients with septic shock has not 

yet been performed. Therefore, hydrocortisone can be used 

in patients with refractory hypotension, though the survival 

benefit remains to be proven.

Source control
After fluid resuscitation, hemodynamic stabilization, and 

initiation of systemic antibiotic therapy, control of the 

source of infection should be performed in a timely manner. 

Although the window of time necessary to achieve source 

control to ensure favorable outcomes varies, 6–12 hours 

after diagnosis is a reasonable time.98,129,130 Infected burn 

wounds are the most common source of sepsis in burn 

patients. Burn wound infection usually presents with 

cellulitis of surrounding tissues, changes in coloration of 

the wound, discolored exudates, or characteristic odors. 

More severe cases or invasive burn wound infections are 

characterized by the progression of a partial-thickness burn 

to full-thickness necrosis.131 Source control of infected burn 

wounds is achieved by debridement of infected and necrotic 

areas until healthy viable tissue is found. Debridement must 

be followed by a thorough inspection within 24–48 hours. 

If necrotic tissue is again identified, the affected areas must 

be excised; wound coverage can be performed if the wound 

appears healthy.131,132

Infection sources other than burn wounds require an 

individualized approach, with the principles of the manage-

ment being the same as those for nonburn patients.98 Intra-

vascular devices (arterial lines or central venous catheters) 

suspected to be the source of infection should be removed, 

after obtaining intravenous access using a different anatomic 

site. Abscesses (soft tissue or abdominal abscesses) are 

drained using the most favorable method (surgical debri-

dement, open drainage, percutaneous drainage) based on 

clinical conditions as well as on the location, number, and 

size of abscesses. Abdominal catastrophes (bowel ischemia, 

intestinal perforation with peritonitis, volvulus) generally 
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will require surgical exploration.133 The intervention needed 

to achieve control must be individualized and executed in 

a timely manner. Hemodynamic stabilization with medical 

therapies is desired before proceeding with source control. 

However, in some cases of septic shock, stabilization is not 

obtainable until source control has been achieved. In these 

circumstances, delaying source control due to prolonged 

medical stabilization is not desirable.134

Conclusion
Sepsis and septic shock represent medical emergencies 

commonly encountered during the care of burn patients. The 

diagnosis of sepsis after severe burn injury is challenging 

owing to the overlap of signs and clinical manifestations 

of the hypermetabolic response thermal injury and sepsis. 

The definition of sepsis and the diagnostic criteria have 

evolved due to improved understanding of the underlying 

pathophysiology. Despite significant research efforts, a bio-

marker with significant prognostic or diagnostic value has 

yet to be incorporated into routine clinical practice in burn 

patients. The combination of both clinical information and 

biomarker values continues to be the best option for early 

identification of septic patients. Implementation of general 

basic principles along with individualization of treatment is 

important in the management of sepsis, with an emphasis 

of timely delivery of treatment to increase the odds of a 

favorable prognosis.
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