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Abstract
Recent literature on the management of critically ill patients
has altered the beliefs and clinical behaviours, questioning
many dogmas that were practised without much evidence.
The critical care in a severely burn-injured patient requires
special attention in resuscitation, haemodynamic monitoring,
management of complications, organ support and
determinants of outcome. The goal of resuscitation is to
maintain intravascular volume and tone while correcting the
reversible changes in altered physiology, aided by early
debridement of burned tissue and elimination of the source of
physiological derangement. Practitioners should target
resuscitation based on goal-directed therapy using noninvasive markers of cardiac output. The management requires
the input of a multi-disciplinary team to achieve critical care
and early surgical intervention and management of
complications and organ support.
Introduction
Recent literature on the management of critically ill patients
has altered the beliefs and clinical behaviours, questioning
many dogmas that were practised without much evidence [1].
Furthermore, the fundamental understanding of critical care
in terms of fluid management, haemodynamic monitoring,
management of acute respiratory distress syndrome (ARDS),
organ support and nutrition support are changing [1, 2]. The
goal of resuscitation is to maintain intravascular volume and
tone while correcting the reversible changes in altered
physiology, aided by early debridement of burned tissue and
elimination of the source of physiological derangement. The
definition of severe burns is based on the surface area (20%
excluding superficial burns), presence of inhalational or
electrical injury, patients' age and comorbidities [3]. The
critical period in burns is usually transient, lasting for a few
days. However, may include intermittent episodes of
deterioration based on burning related complications. This
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review focuses on the contemporary literature on the critical
care of severe burns once the patient has been stabilised after
the initial injury. The review consists of two parts and the first
part focusses on fluid resuscitation, goal-directed fluid
therapy, haemodynamic monitoring and coagulopathy in
severe burns [4]. The second part describes aspects such as
thromboprophylaxis, the role of suppressing hypermetabolism, glycaemic control, nutritional support, sepsis and
infection control, management of inhalational injuries,
surgical debridement, pain management and palliative care in
severe burns.
Methods
We performed a literature search on PubMed and Google
Scholar and looked for published original articles, review
articles and guidelines on critical care management in burns,
up to November 2019. Our search was limited to articles in
English. Correspondence, dissertations and unpublished
materials were not considered. The information was
summarised and presented qualitatively (narratively) under
subheadings.
Contents:
Fluid resuscitation in severe burns
Goal-directed fluid therapy and Haemodynamic monitoring
Evidence on the choice of fluid for resuscitation
Management of coagulopathy in severe burns
Thromboprophylaxis in burns
The role of suppressing hypermetabolism in severe burns
Glycaemic control in severe burns
Nutritional support in severe burns
Sepsis and infection control in burns
Management of inhalational injuries and acute respiratory
distress syndrome (ARDS)
Early surgical debridement and soft tissue cover
Pain management in severe burns
Palliative care in severe burns
Conclusion
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Thromboprophylaxis in burns
Deep vein thrombosis (DVT) and associated embolic events
play a major role in burn patients' morbidity and mortality. A
nationwide study including 36,638 burn patients showed a
DVT rate of 0.8% with identifiable risk factors such as more
than 20% burn surface area, old age, use of blood and blood
products, mechanical ventilation and previous similar events
[5]. Prophylactic use of heparin has shown benefit in
thromboprophylaxis in burn patients [6]. Although
prophylactic treatment is indicated, the need for surgical
interventions such as burn wound excision and grafting may
limit the use of pharmacological agents. There are
controversies regarding the dosage of these agents because of
burn associated hypermetabolism and fluid shifts which may
alter the volume distribution. Apart from pharmacological
agents, measures such as compression devices, early
mobilization and physiotherapy are helpful in the prevention
of DVT [5].
The role of suppressing hypermetabolism in severe burns
Hypermetabolic response or metabolic response to trauma is a
recognized entity in all types of trauma. The magnitude and
the duration of the hypermetabolic response in burn patients
differ from other types of trauma [7]. Various stimuli such as
burn wounds, pain, thermal changes, and hypovolemia act as
triggers for a hypermetabolic response. These result in the
activation of the sympathoadrenal and hypothalamicpituitary-adrenal axes triggering a cascade of catabolic
processes [7]. The response is evident by increased blood
pressure, heart rate, temperature, and protein and lipid
catabolism. The hypermetabolic response is categorised as
the ebb phase and flow phase. Initial decreased cardiac
output, temperature and metabolic rate are seen in the ebb
phase. A gradual increase in the metabolic activity is
characterized in the flow phase which is observed after 48hrs

of burn injury. The duration of this phase is variable and may
last even years after the initial insult [8]. The intensity of the
response correlates with the burn surface area above 15
percent and is almost always associated when the area
exceeds 40 percent [7]. Early recognition and treatment are
important in the improvement of the overall outcome of the
burn patients [9]. In the treatment process, attenuation of the
metabolic response can be achieved by minimizing the stimuli
and modulating the response. Initial adequate fluid
resuscitation for tissue perfusion, pain management,
prevention of hypothermia and proper timely nutritional
support has shown to minimize the stimuli for a metabolic
response. A meta-analysis has shown that early excision of
burn and grafting is an important strategy to minimize the
stimuli for metabolic response [10]. It also prevents the risk of
associated infectious complications of burn wounds. For the
modulation of the hypermetabolic response, several
pharmacological agents have been studied. A systematic
review of 15 randomised trials had shown that anabolic
steroids like oxandrolone were beneficial in the modulation of
protein catabolism and improving wound healing in burns
over 20 percent burn surface area [11].
Significant lowering of insulin-like growth factor-1 (IGF-1) is
associated with severe burn injury and its replacement is
proven to be associated with better outcomes [12].
Replacement of IGF-1 reduces gut atrophy and bacterial
translocation after severe burns. Furthermore, the
hypermetabolic response is modulated and protein catabolism
is reduced while augmenting anabolic response [12].
Moreover, it improves immune function while decreasing the
inflammatory response due to severe burns. Therefore,
considerable emphasis is being given to the utility of IGF-1 in
the management of severe burns [12]. Beta-blockers such as
propranolol cause blunting of effects of increased
catecholamines have also used in burn patients [13].

Figure 1. Modulating hypermetabolism in severe burns
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Management of hypermetabolic response is multimodal and
early recognition and treatment improve the outcome
(Figure 1).
Glycaemic control in severe burns
Glycaemic control plays a crucial role in burns to minimize
the hypermetabolism and provide adequate nutrition for
recovery process following burns. Because of the burn
associated stress response, there is increased catabolism as
well as peripheral insulin resistance causing an increase in the
blood glucose level. Blood glucose potentiates the
inflammatory response of the hypermetabolic state by
oxidative stress and insulin provides counter inflammatory
effect by minimizing macronutrients induced inflammation
[14]. Insulin also increases muscle protein synthesis and
thereby improves the wound healing at the donor site and lean
body mass in burn patients [15]. A reduction in post-burn
infection and related mortality was also noted [16].
Similar to another critically ill patient, maintenance of
glycaemic control in the desired range is important in burn
patients. Although the exact range is uncertain, a systematic
review on the effectiveness and safety of intensive insulin
treatment and secretagogues showed that a moderate control
of glucose level (130-150mg/dL) in adults was beneficial
[17]. The above-mentioned control was achieved by the
continuous insulin infusions but such management inward
setting may be difficult because of the need for intermittent
fasting for multiple surgical procedures and the workload [9].
Therefore, the desired range of less than 180mg/dl with
avoidance of hypoglycaemic episodes is recommended in the
ward setting [18].
Nutritional support in severe burns
Nutritional support is essential for the burn patients because
of the hypermetabolic state and increased demand for
nutrients. Individual factors such as moderate to severe burns
more than 10-20 percent depending on the age, patients with
inhalational injury and obesity are recognized as indications
for nutritional support [19, 20]. Therefore, most patients with
severe burns would require nutrition support. Although there
are no specific guidelines on burns nutrition, the expert
consensus of American Society for Parenteral and Enteral
Nutrition (ASPEN) guidelines advise for early initiation of
enteral feeding in burn patients [21]. It was observed that
enteral nutrition was associated with fewer infections and
lesser metabolic derangements in burn patients compared
with parenteral [22]. However, haemodynamic status should
also be considered because of mesenteric ischemia associated
ileus may hinder the tolerance of enteral feeding.
Concerning enteral nutrition in critically ill patients, there is
an on-going debate about gastric versus postpyloric feeding.
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Factors for gastric feeding are the easy placement of the tube,
the achievement of gastric decompression and reduced
diarrhoeal episodes but gastric stasis and risk of aspiration are
associated complications. However, a meta-analysis in
critically ill patients (not specific to burns) showed similar
outcomes between gastric and post-gastric feeling in terms of
mortality but with increased risk of aspiration pneumonia
associated with gastric feeding [23]. Such evidence on the
type of enteral feeding is limited among severe burns patients.
Although there are many different methods to calculate the
nutrition requirement, Curreri formula is one accepted
worldwide which considers weight, burned surface area and
age. In addition to the calorie requirement, micronutrients and
electrolytes should also be considered. Modification of this
enteral nutrition with immune nutrition is also considered.
Glutamine has a proven beneficial in burn patients for the
lower rates of gram-negative bacteraemia and reduction inhospital mortality rates [24].
The exact timing of discontinuation is variable because of the
flow phase of hypermetabolic response may last years after
the insult. Therefore, individual decisions should be made
considering the anthropometric measurements such as
weight, clinical and biochemical evidence of nutritional
deficiency which may suggest the need for prolonging
supplementation [25].
Sepsis and infection control in burns
Burn injury-related damage and secondary consequences of
physiological derangement with altered immunity cause
increased susceptibility for infections [26]. Infection-related
morbidity and mortality remain a major problem in managing
burn patients. Causes for infection may be broadly
categorized in to burn wound infection and other infections.
Non-burn wound-related infections are common due to the
hypermetabolic response and the altered immune
mechanisms. Inhalational injury, chest burns and inadequate
ventilation increase susceptibility for pneumonia [26].
Invasive monitoring devices such as urinary, arterial and
venous catheters act as portals of entry for infections. Loss of
barrier function of the skin after burns facilitate the entry of
the organisms and loss of commensal flora causes an
overgrowth of invasive pathogens[26]. Avascular necrotic
protein-rich material also acts as a good culture medium for
bacterial growth. Type of organism depends on the timing of
infection, location and patterns of microbial infections in the
local setting. Due to the pathophysiological alterations in
burns, conventional clinical features of infection and sepsis
such as hyperthermia, tachycardia and hypotension are
unreliable [26]. A high index of suspicion to identify features
of infection and identification of source is the key step in
management. Newly developing feeding intolerance can be
40

taken as a surrogate marker of probable infection [26].
Changes in the wound integrity, degree of involvement, loss
of skin grafts and local features of inflammation may suggest
burn wound infection. Depending on the degree of microbial
invasion, colonization, non-invasive or invasive infections
may result. This eventually leads to burns sepsis and organ
dysfunction when it is coupled with the systemic
inflammatory response in burns.
Infections may be confirmed by the histopathological
evaluation and microbial cultures with a bacterial count >105
bacteria per gram of tissue[26]. Other markers such as
leucocytosis, leukopenia, thrombocytopenia, and elevated
acute phase reactant like C-reactive proteins may be also
observed. However, the specificity is very limited due to the
concomitant systemic inflammatory response in burns.
Procalcitonin as a maker of infection was also studied in a
meta-analysis of burn patients and cut off value of 0.53-3
ng/ml was determined with widely variable sensitivity and
specificity [27]. Lactate level is essential in the diagnosis and
monitoring in burns sepsis and is an important early predictor
of morbidity and mortality [28]. Early burn wound excision
and coverage is a proven strategy for prevention of burn
wound infection and management. Empirical antibiotic
treatment after obtaining appropriate cultures from the
clinically suspected source of infection and later deescalation of treatment depending on the culture and
sensitivity pattern is compulsory in the treatment of
infections. A systematic review which analysed evidence
between 1996 to 2016 revealed no benefit in prophylactic

antibiotics for prevention of burn wound infection prevention
other than burn wound excision and burn reconstruction
procedures [29]. Preventive strategies include hand hygiene,
prevention of faecal and urinary soiling [26].
Management of inhalational injuries and acute
respiratory distress syndrome (ARDS)
Compromised breathing and ventilation are associated with
burn injury. Inhalational injury-related changes in the airways
and lungs, acute respiratory distress syndrome (ARDS),
systemic chemical effects such as carbon monoxide
poisoning are recognized causes of hypoxemia (Figure 2).
Reduced level of consciousness and full thickness
circumferential chest burns may also cause impaired
ventilation. Furthermore, full thickness abdominal burns may
result in abdominal compartment syndrome and restrict the
diaphragmatic movement resulting in impaired ventilation.
Elective early intubation and securing the airway is important
in patients with inhalational injury to prevent delayed
complications and before transfer [30].
The place for bronchoscopy and broncho-alveolar lavage in
the diagnosis and treatment of inhalational injury was also
studied [31, 32]. Bronchoscopy allows visualization of the
upper airway and proximal parts of lower airways and may be
useful in suctioning of debris. Studies have shown the
correlation between bronchoscopy classification of severity
of the inhalational injury and in-hospital mortality and
duration of the mechanical ventilation[31]. In severe
subglottic inhalational injuries, bronchoscopy and pulmonary

Figure 2. Mechanisms causing hypoxaemia following burns
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toileting and nebulization using fibrinolytic and mucolytics
were shown to be beneficial [32].
ARDS is a recognized complication with high mortality in
burns. It is either due to the direct insult from inhalational
injury or secondary to systemic hypermetabolic or
inflammatory response. Burn patients with ARDS are
managed with intubation and ventilation. According to the
ARDS network study, lung protective ventilator strategies
such as low tidal volumes, limited plateau pressures to
prevent barotrauma have significantly improved outcomes
[33]. However, patient with inhalational injury was excluded
from this study. Some studies showed higher tidal volumes in
ARDS treatment in paediatric burns patient showing better
outcome but exact tidal volumes in burns are yet to determine
[33]. The patient specific decision on the lowest tolerated tidal
volumes and plateau pressures is advisable in burn patients.
Other supportive treatment modalities like bronchodilators,
mucolytic and chest physiotherapy can be administered [34].
Furthermore, a review of 56 studies showed benefits in
bronchoscopy and pulmonary toileting, permissive
hypercapnia and heparin nebulization as treatment
modalities[32].
Early surgical treatment and soft tissue cover
Early surgical burn wound excision or debridement is an
essential component in the initial burns resuscitation [35].
This is because the deep burn wounds are key in the
pathogenesis of systemic inflammatory response syndrome
and require early removal to aid in recovery [36]. The
advances in burn injury pathophysiology, critical care,
pharmacological interventions and organ support has
improved survival and an increasing number of severe burns
patients survive the initial injury. Therefore, the aspects in
surgical care have shifted from achieving mere survival to
rapid wound closure, scar quality, functional outcome and
cosmesis [35].
The severely burned patients usually have burns of varying
depth, each requiring different management approaches.
Superficial burn wounds which include superficial epidermal
and superficial partial thickness wounds do not require
excision. Surgical scrub and covering the wound with a
suitable dressing would suffice [36]. Deep burn wounds
which include deep partial thickness and full thickness burns
require early burn wound excision [36]. Burn wound
debridement and coverage are done in the operating room
once the patient has been haemodynamically stabilised
generally within 24 to 72 hours following the injury [36]. The
period required for full excision and burn coverage may
depend on the extent of injury [36]. For burns with larger burn
surface area techniques to achieve wound, the cover may
The Sri Lanka Journal of Surgery 2020; 38(3): 38-45

include skin graft with wide meshing, temporary coverage
using xenografts or allografts, donor site re-harvesting and
the use of skin substitutes [36, 37].
Due to the limitations in skin grafting in severe burn patient
such as poor healing and scarring of donor sites due to
repeated harvesting, alternative strategies were developed to
replace autograft [38]. The xenograft and allograft using
cadaveric skin graft may be useful in the initial period as the
immunity is low in the critically ill burns patient. However,
with recovery, patients regain the immunity resulting in
rejection, requiring repeated autografts. This lead to further
research and development of biodegradable materials as
temporary skin cover and composite cultured skin [38]. These
have shown promising results in a selected group of burns
patients. Further large scale studies are needed before
incorporating into routine practice. However, the high cost
limits its use in developing countries with limited resources.
Pain management in severe burns
Good pain control is essential for the comprehensive burn
care from initial insult to long term recovery. However, the
control of pain may be challenging for the treating physician.
The pain related to burns is classified as background pain and
procedural pain [39]. The treatments for burn wounds may
cause considerable procedural pain than the initial insult itself
[37]. The pathophysiological mechanisms can be classified as
nociceptive pain, neuropathic pain and pain due to
psychosocial distress (Figure 3). Therefore, a multimodal
approach is needed to approach burn pain. Objective pain
assessment, understanding of pathophysiology, multi-modal
pharmacological interventions with opioids as the mainstay
and compassionate attention to psychosocial contributors to
pain such as anxiety are required for pain management [39].
Better outcomes in healing and rehabilitation are associated
with good pain control in burns [37].
Mild analgesics that show a ceiling effect in the doseresponse relationship such as acetaminophen and NSAIDs
are usually not suitable for severe burns [40]. Ketamine is
useful in severe burns due to its potential advantages in
anaesthesia such as haemodynamic stability, preserving
airway patency and hypercapnic and hypoxic physiological
responses [40]. Management of anxiety with the use of
anxiolytic agents in addition to opioids is useful in severe
burns. Benzodiazepines in conjunction with opioids are
associated with better control of background as well as
procedural pain [40]. There is increasing evidence of the
effectiveness in novel non-pharmacological techniques such
as cognitive behavioural therapy, hypnosis and distraction
techniques in burns, with specific emphasis on the reduction
of procedural pain and anxiety [41].
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Figure 3. Mechanisms and types of pain in burns
Palliative care in severe burns
Despite the advancements in the approach to burns
management, severe burns carry increased mortality. In some
cases, the futility of treatment may have to be considered and
discussed early by a multi-disciplinary team. Involvement of
the palliative care specialists should be included if feasible to
provide patient comfort and end-of-life support [37]. The
protocols for the selection of patients for palliative care
should be institution-specific based on the sound clinical
judgement if salvage is possible depending on burn related
factors and patients' comorbidities.
Conclusion
Inappropriate resuscitation may be common among burns
patients. Practitioners should target resuscitation based on
goal-directed therapy using non-invasive markers of cardiac
output. The pathophysiological mechanisms and the
definition of systemic inflammatory response syndrome
(SIRS) and sepsis are different in the burns patient.
All authors disclose no conflict of interest. The study was conducted
in accordance with the ethical standards of the relevant institutional
or national ethics committee and the Helsinki Declaration of 1975, as
revised in 2000.
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