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Abstract

Burns are the eleventh leading cause of deaths in childhood and the �fth most common cause of non-fatal childhood 

injury, and most often occur in children under 4. 80% to 90% of all severe burns occur in low to middle income 

countries. Anaesthesiologists are crucial members of the multi-disciplinary team caring for children with burns.

Provision of adequate analgesia, sedation, anesthesia and intensive care treatment are roles of anaesthesiologists 

and non-physician anaesthetists. There are several anaesthetic challenges with managing the child with burns 

such as a potential di�cult airway, challenging intravascular line placement, water and electrolyte disturbances, 

altered temperature regulation, sepsis, cardiovascular and respiratory insu�ciency, altered pharmacokinetic and 

pharmacodynamics pathways. The majority of critical adverse events in burn injured patients are associated with 

the airway and hemodynamic instability. The speci�c anaesthetic technique required depends on the individual 

patient pathophysiology condition. With the progress in burn care trauma protocols and with the development 

of multidisciplinary teams at special burn units, outcomes have improved over the past two decades. This review 

provides insights into existing therapeutic approaches for the management of paediatric burns.

INTRODUCTION

Burns are the eleventh leading cause of deaths in 
childhood and the �fth most common cause of non-
fatal childhood injury1. Children under 4 years are 
at highest risk of burn injuries, almost double that 
of all other pediatric age groups2. Even though the 
global mortality rate associated with burn injury 
has decreased in past two decades, burns remain 
a signi�cant source of morbidity and mortality in 
childhood3, 4.

It is crucial to understand how a child is di�erent 
from an adult in size, body surface area, temperature 
regulation, skin thickness and metabolic rate5,6. �e 
younger the child, the greater the mortality because 
of deeper burns due to thinner skin, more complexity 
of �uid resuscitation, smaller upper airways, di�cult 
vascular access and immature immune system7.�e 
initial management is very important and should 
focus on the ABCDE algorithm8.

Improved outcomes in past decades can be attributed 
to advances in resuscitation, protocols for intensive 
care, improved coverage of wounds and treatment of 
infections, better treatments for inhalation injury and 
for hypermetabolic response9. Severe paediatric burns 

may require long-term rehabilitation treatment and 
may be associated with psychosocial consequences. 
�e goals of burn care are to preserve life and function, 
to limit physical and psychological sequelae and to 
provide social reintegration10.

CLASSIFICATION AND SCORING SYSTEMS

Burns may be caused by heat, chemicals, electricity, 
or radiation. �e severity of burn injury can be 
characterized by the depth of the burn, the total 
body surface area (TBSA) of the burn, the location 
of burn injury and the presence of inhalation injury11. 
Burns are classi�ed according to of the burns into 
three main categories: �rst, second and third degree.  
First-degree burns are super�cial and only a�ect the 
epidermis, where the skin is red and painful. �ese 
rarely require hospital treatment. Second-degree 
burns a�ect both the dermis and epidermis, and the 
skin may be swollen, red or white, have blisters and be 
very painful. �ird-degree burns are the most severe 
and reach through the skin layer to the hypodermis. 
Nerves may be destroyed causing severe pain or 
numbness. Skin may look charred, raised, leathery 
and blistered.
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To estimate the total body surface area (TBSA) burns in children, 
Lund and Browder charts may be used, which takes into account 
changes in the body proportions of growing children. In children, 
the head and neck occupy a larger, and the lower extremities occupy 
a smaller, proportion of the total body area. �e rule of nine is useful 
for estimating burns in children older than 14 years. �e area of 
the child’s palm corresponds to approximately 1% of the total body 
surface area and this simple method can be useful when Lund and 
Browder charts are not available or when the burns are irregular in 
shape and non-con�uent12 (Figure 2).

Burns that a�ect more than 10% TBSA, or more than 5% TBSA of 
deep burns are considered to be serious as they are life-threatening. 
In neonates, a smaller TBSA causes more severe burn injury than in 
older children, due to the immaturity of the organ systems and the 
subsequent di�culty in maintaining homeostasis13.

For estimating the severity of burns are used two scoring systems: 
the Paediatric Risk of Mortality (PRISM) score and the Abbreviated 
Burn Severity Index (ABSI)14. �e PRISM scoring system utilizes 
14 variables including vital signs and lab values, which are collected 
over the �rst 24 hours after admission to hospital. �e ABSI score 
is calculated from �ve variables (sex, age in years, inhalation injury, 
full thickness burn, total body surface area burned) that can be 
rapidly assessed at the time of admission, which eases calculation 
and allows for immediate prediction of mortality. Both PRISM and 

ABSI scores predict mortality in children with severe burns, whether 
analysed alone or in a combined model. �ese scoring systems have 
advantages and disadvantages, so further validation of these scores 
need to be done with prospective studies. A detailed summary of 
these scoring systems is beyond the scope of this article.

PATHOPHYSIOLOGY

�e skin serves as a barrier to protect the body from infection and 
to prevent heat and �uid losses. �erefore, destruction of this barrier 
by a burn injury can lead to infection and to altered heat and �uid 
regulation9.

Severe burn injury also induces the release of local and systemic 
mediators of in�ammation. Local mediators, which include 
prostaglandins, leukotrienes, bradykinin, nitric oxide, histamine and 
oxygen free radicals, cause localized and systemic capillary leak with 
resultant oedema. Systemic mediators like interleukins and tumour 
necrosis factor alpha (TNF-α) cause a systemic in�ammatory 
response that occurs almost immediately post injury. �is liberation 
of pro-in�ammatory mediators leads to the release of stress hormones 
that cause a hyper-metabolic state 3–5 days after the burn injury. 
Pathophysiologic changes occur in every organ systems and they can 
be divided into two phases: the acute phase, which resolves within 
24–48h and the late or hypermetabolic phase15.

Figure 1. The skin structures a�ected by di�erent degrees of burn. 

(Taken from Swiss Med Wkly. 2019;149:w20079) licensed under CC BY-

NC-ND Figure 2. Body surface area estimation: Rule of nines and Lund and 

Browder chart.

Minor Moderate Severe

<5% of body surface area 5-10% body surface area > 10% of body surface area

<2% deep burns 2-5% deep burns > 5% deep burns

Suspected inhalational injury Electric burns (electrocution)

Circumferential burns Inhalational injury

Comorbidity (diabetes, etc.) Burns of the face, hands, feet, perineum

Signi�cant associated trauma

Table 1: Classi�cation of burns according to severity
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INTRAHOSPITAL STRATEGIES IN TREATMENT

Early recognition and management of life-threatening injuries can 
have a signi�cant impact on outcomes in burns. �e mechanism of 
burns is extremely important, and if it occurred as a result of an 
explosion, tra�c trauma or suspected joint injury, the priority is the 
evaluation of trauma. �e primary and secondary examinations are 
done following Advanced Trauma Life Support standards16. After the 
primary assessment, a burn-speci�c secondary examination should 
be done in a way of estimation for the possibility of inhalation 
injury, intoxication with carbon monoxide and cyanide and accurate 
assessment of the burn wounds.

�e management of burns can be considered in three phases. �e 
�rst phase includes prehospital care and the early hospital phase: 
adequate and prompt �rst aid, assessment of the burns, resuscitation, 
escharotomies or fasciotomies and the management of inhalation 
injury. �e second is the late hospital phase: wound care including 
burn surgeries, infection control management, maintainance of 
organ function and attenuation of hypermetabolism. �e third phase 
is the long-term phase: management of persistent hypermetabolism, 
reconstruction and rehabilitation9.

AIRWAY MANAGEMENT: WHEN TO INTUBATE?

�e airway of children is much smaller in diameter than adults and 
is very quickly endangered by oedema, so early intubation is advised 
if required. Intubation should never be postponed for more than a 
few hours in the case of cervicofacial burns, because the progressive 
oedema accelerates between the 4th and 8th hours to reach a 
maximum between the 12th and 36th hour post-burn17. Progressive 
unrecognized oedema can make intubation di�cult and multiple 
failed attempts can worsen oedema in an already tight airway.

A high degree of suspicion for inhalation injury is essential. If the 
burn is a consequence of a �re, especially indoors, there is a possibility 
of inhalation injury to the respiratory tract.

Inhalation injury leads to oedema of the upper respiratory tract 
and chemical irritation of the lower respiratory tract. Clinical signs 
for inhalation injury are respiratory distress, hypoxemia, stridor, 
wheezing, oropharyngeal blistering, tongue swelling, carbonaceous 
sputum and singed eyebrows and nasal hairs. If there is any doubt 
about airway patency or the possibility for airway deterioration, 
the decision should be made for prompt endotracheal intubation. 
�ese patients should not be prophylactically intubated, neither to 
get prophylactic antibiotic therapy. Standard protocols for inhalation 
injury include bronchodilators, nebulised heparin, nebulised 
acetylcysteine and for extreme oedema, racemic adrenaline18.

�e underlying mechanism in acute lung injury is impairment of 
alveolar membrane function, which often becames apparent 24 to 
48 hours after the initial burn injury. �e treatment is similar to 
adult respiratory distress syndrome and is associated with increased 
morbidity and mortality19.

VASCULAR ACCESS

Venous access should be obtained as soon as possible, through intact 
skin if possible. A venous line may be placed through burned skin 
if unavoidable, but securing the cannula may be di�cult. Placing 

an intravenous line distal to a circumferential burn injury must be 
avoided because the constrictive e�ect that may develop can reduce 
venous return from distal parts of a limb. Two large peripheral venous 
lines are usually su�cient. In the case of failure to place a peripheral 
line, central venous access may be required and an intra-osseous 
needle may be required for resuscitation, but should be replaced 
within 24 hours20,21.

FLUID RESUSCITATION: CRYSTALLOIDS AND COLLOIDS

Many formulas for �uid resuscitation in burns patients have been 
studied and all have the same goal: keeping su�cient organ perfusion. 
All formulas tend to ful�l two main rules: a) the minimum amount 
of �uid needed to maintain su�cient organ perfusion should be 
infused, and b) the volume needs to be carefully titrated to avoid 
under- and over-resuscitation. Optimal �uid resuscitation remains 
a matter of debate, with studies addressing not only the amount 
of �uid used in resuscitation, but also the type of �uid. No large 
prospective randomised trials have been done to establish whether 
crystalloids are better than colloids in resuscitation.

For initial �uid resuscitation in children with burns, crystalloids are 
the �rst choice during the initial 24 hours post-burn period20. �e 
Parkland Formula is most commonly used22,23.

Total volume of crystalloid to be given in the �rst 24h = 4ml/kg body 
weight x % TBSA burned

However, recent data19 suggest the Parkland Formula may 
underestimate the �uid requirements in children younger than 
3 years, patients with severe large and deep burns, those with 
associated inhalation injury, alcohol or drug use and electrical injury. 
Fluid balance can be challenging with under-resuscitation leading 
to multiple organ failure (MOF) and increased mortality. Over-
resuscitationmay lead to worsening of oedema, deteriorating gas 
exchange, pleural e�usion, pericardial e�usion, pulmonary oedema, 
acute respiratory distress syndrome, compartment syndrome, central 
neurological ischemia and multiple organ failure.

Oral hydration is most appropriate for burns with less than 10% 
TBSA in infants and children and with less than 15% TBSA for 
older children, if the injury does not interfere with a child’s ability to 
take �uids by mouth. Enteral nutrition demands need to be carefully 
supervised due to gastric paresis and food aversion can disturb a 
child’s ability to keep su�cient hydration and nutrition.

�e optimal time to safely start using colloids is the subject of 
much debate. �e time at which the protein leakage stops has been 
described di�erently in the literature. Capillary integrity is thought 
to have recovered 12 to 24 hours after the burn, and this is one of 
the strategies when to start using colloids. In the opinion of Cocks 
et al25 albumin extravasation stops 8 h after burn injury. As claimed 
by Demling26, capillary leakage of protein reduces remarkably about 
12h after burn injury. 

5% Albumin solutions may be started after 24hours in a stable 
patient or 8 hours post-burn in a patient with di�cult resuscitation 
at a dose of 0.75-1g/kg/day in order to keep an albumin concentration 
>2.0g/dl. Serum albumin concentration should be monitored every 
12 hours20,27.
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Acute changes in serum sodium levels can promote seizures, cerebral 
oedema and central pontine myelinolysis—each one is related to 
higher mortality risk28.

One of the biggest challenges in �uid resuscitation is monitoring 
whether the infused volume is adequate. Formulas only ensure 
assessments of �uid demands, but reestablishment of intravascular 
volume must be controlled by indirect clinical signs such as capillary 
re�ll, heart rate, blood pressure and urine output. �e satisfactory 
hourly urine output is the gold parameter for adequate �uid 
resuscitation, for children less than 30kg the goal is a urine output of 
1ml/kg/h, and for children over 30kg the goal is urine output 0.5ml/
kg/h29. Hemodynamic targets are: systolic blood pressure values for 
children <1 month of age: 60mmHg, from 1 month to 10 years: 
70+ (2 x years), and for older than 10 years: 90mmHg; mean arterial 
pressure (MAP)> 65mmHg. Global perfusion indicators (lactates, 
baseline de�cit, central venous blood saturation) are more reliable 
than diuresis and correlate with burn rate and mortality29.

ANALGESIA AND SEDATION OUTSIDE THE OPERATING 

ROOM

Analgesia should always be multimodal and multidisciplinary and 
include non-pharmacological and pharmacological methods with 
non-opioid and opioid analgesics. �e pain burned patients experience 
may be divided into a ‘background’ pain and a ‘breakthrough’ pain 
associated with painful procedures. While background pain may 
be controlled with intravenous opioids via continuous infusion 
or patient or nurse-controlled analgesia (PCA/NCA) and/or less 
potent oral opioids, breakthrough pain may be treated with a 
variety of interventions30. �e intramuscular, subcutaneous and oral 
routes should be avoided because of unreliable systemic absorption 
associated with the shock state and delayed gastric emptying. In 
order to reduce the use of high opioid doses, other agents can be 
used as analgesic adjuncts, such as acetaminophen, ketamine, or an 
alpha-2 agonist, such as clonidine. Non-steroidal anti-in�ammatory 
drugs are contraindicated in severe burns within the �rst 48 hours 
due to the increased risk of renal failure and gastric stress ulcers. 
Benzodiazepines may help with anxiolysis and avoid hypotension.

TEMPERATURE REGULATION

Hypothermia following burns can be signi�cant and may result 
in worse outcomes. Children with large burns, full-thickness 
burns, inhalation injury or those who are intubated are at risk 
for hypothermia and bene�t from any measures for temperature 
preserving31. �e most critical time is during burn debridement 
and grafting, and many clinical practice guidelines recommend the 
ambient temperature should be increased in the operating room 
and intensive care unit. �e use of an intravenous �uid warmer is a 
novel way in maintaining normothermia during the surgery in burn 
patients and may be more e�ective than conventional methods32.

HYPERMETABOLIC STATE: IMPORTANCE OF ADEQUATE 

NUTRITION

A burn injury results in a prolonged and persistent hypermetabolic 
response characterised by a 10- to 20-fold elevation in plasma 
catecholamines, cortisol and in�ammatory mediators.

�is response leads to twice-normal metabolic rates and whole-
body catabolism. Adequate nutrition is therefore an essential part 
of burn care and should be initiated within 12h after injury33. Early 
enteral nutrition mitigates catabolism and recommendations exist 
for nutrition that is high in glucose and amino acids, and low in fat 
with some unsaturated fatty acids.

Supplementation of single aminoacids, especially alanine and 
glutamine has debatable e�ect35. Dietary components that have 
gained more recent attention are vitamins, micronutrients and trace 
elements and their replacement may reduce morbidity in patients 
with severe burns36.

PREVENTING INFECTIONS

Infection remains the leading cause of death in patients with severe 
burns. Prophylactic parenteral administration of antibiotics is not 
recommended, but targeted therapy according to the results of 
microbiological analysis. Prophylactic systemic antibiotics can be 
convenient in patients with severe burns who require mechanical 
ventilation and in selected split-thickness skin grafting procedures37. 
�e use of topical antimicrobial agents is important in the treatment 
of local infections because systemic antibiotics do not reach burns 
in high concentrations due to vascular microthrombosis and the 
presence of oedema. Silver sulfadiazine with cerium nitrate is usually 
�rst line therapy and may be e�ective for up to 48 hours38.

ANESTHESIA FOR SURGICAL PROCEDURES

Damaged tissue releases toxins and pro-in�ammatory mediators 
responsible for systemic in�ammatory response syndrome (SIRS) 
and hypermetabolism. Surgery may need to be performed on a 
regular basis, with an average of one operation every 5-7 days. �e 
risks of septic shock, renal failure and multiple organ failure also 
increase exponentially with time38.

Patients are often brought to the operating room in the early phase 
of burn injury, when they are undergoing signi�cant �uid shifts 
with corresponding cardiovascular and/or respiratory instability39. 
However unstable the child is, the operation should not be delayed 
as early wound excision and coverage with skin analogues within 72–
168 hours, improves outcome in paediatric patients with acute burn 
without inhalation injury. Lower doses of anaesthetic drugs may be 
required as decreases in circulatory blood volume throughout the 
�rst phase (�rst 48h) of burn shock leads to reduction in renal and 
hepatic blood �ow which prolongs the rate of drug distribution and 
the onset of clinical e�ects. In the following hypermetabolic state 
(after 48h), high blood �ow to the liver and kidneys, decreased plasma 
albumin and an increased level of α-1-acid glycoprotein results 
in modulated protein binding and elevated renal clearance40.�e 
amount of albumin to which acidic and neutral drugs bind decreases, 
so the free fraction is higher, but the amount of α-acid glycoprotein 
that binds cationic drugs is doubled (lidocaine, propofol, muscle 
relaxants, some opioids) and thus the free fraction decreases.

General anaesthesia with the use of opioids, volatile or intravenous 
anaesthetics and muscle relaxants, is common choice of anaesthesia 
for burn excision and grafting. Propofol and thiopental are 
successfully used for induction with careful titration, in order 
to minimize dose-dependent respiratory and cardiac depression. 



Etomidate is not a good choice due to the possibility of inducing 
adrenocortical suppression. Ketamine can be advantageous for the 
induction of hypovolemic patients because of sympathetic nervous 
system stimulation and may be useful for procedural sedation for 
a change of dressing41. Anaesthesia maintenance is reached with 
inhalational agents or with intravenous anaesthetics. Succinylcholine 
can be safely given within the �rst 24 hours of injury. However, 
should not be used after 48–72h post-burn injury, due to synthesis 
of extrajuctional receptors causing hyperkalaemia. �ere may also be 
a degree of resistance to nondepolarizing muscle relaxants42.

While regional anaesthesia techniques o�er great benefits for pain 
control, it may be hard to find an intact skin area for regional 
anaesthesia in the child with severe burns43.

CONCLUSION

Severe burn-related injuries require a multidisciplinary team 
assessment and management. Understanding and applying the 
principles of the initial approach in burned children can help to 
improve outcomes. Particular attention should be directed to airway 
management, �uid and metabolic requirements, and appropriate 
analgesia and sedation. New initiatives to tackle the problem of 
antibiotic resistance are required urgently.
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