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January 2000 onwards using predefined keywords according to PRISMA recommendations. The quality of
data from the selected literature was assessed using GRADE®™ methodology. Due to the current paucity of
sufficiently powered studies regarding hard outcomes (i.e. mortality), the recommendations are based on

expert opinion.

Results: The SFAR guidelines panel generated 24 statements regarding the management of acute burn
injuries in adults and children. After two scoring rounds and one amendment, strong agreement was
reached for all recommendations.

Conclusion: Substantial agreement was reached among a large cohort of experts regarding numerous
strong recommendations to optimise the management of acute burn injuries in adults and children.

© 2020 The Author(s). Published by Elsevier Masson SAS on behalf of Société francaise d’anesthésie et de
réanimation (Sfar). This is an open access article under the CC BY license (http://creativecommons.org/

licenses/by/4.0/).
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Introduction

Burn injuries are common and mostly accidental. The majority
of cases are not serious and may be treated as outpatients. In
France, severe burns are responsible for about 10,000 hospitali-
sations annually, half of which require stays at specialised burns
centres (Annex 1). Although these more severe burns are
associated with relatively low mortality, they induce considerable
morbidity with physical, psychological, and social consequences,
long hospital stays and a significant use of resources.

The incidence of burns is four times higher in children than in
adults: burn injuries account for about 25% of all paediatric
hospitalisations. The most common cause is hot liquids.

The recommendations herewith aim to provide a rational
therapeutic approach to managing severe burn injuries in adults
and children.

Although an official definition of severe burns is lacking, the
experts who produced these recommendations consider both life-
threatening and function-threatening burns as severe burns and
propose the following criteria to define them:

e in adults (Annex 2A):

o one of the following criteria: total body surface area (TBSA)
burned > 20%, deep burns > 5%, presence of smoke inhala-
tion, deep burns in areas that might lead to functional
sequelae (face, hands, feet, perineum), burns from high-
voltage electricity,

o TBSA < 20% AND one or more of the following criteria:
age > 75 years, severe comorbidities, known or suspected
smoke inhalation, deep circular burns, superficial burns in
function-sensitive areas (face, hands, feet, perineum, skin
folds), TBSA > 10%, deep burn 3-5%, burns from low-voltage
electricity, chemical burns (e.g. hydrofluoric acid);
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e in children (Annex 2B):

o one of the following criteria: TBSA > 10%, deep burns > 5%,
infants (< 1year of age), severe comorbidities, smoke
inhalation injuries, deep burns in function-sensitive areas
(face, hands, feet, perineum, flexure lines), circular burns,
electrical or chemical burn.

This highly practical categorisation aims to optimise the triage,
thereby promoting the efficient usage of the limited number of
beds at burns centres across the country (Annex 1). We also
propose guidelines on how to manage major complications during
the acute phase, namely, haemodynamic and respiratory failure,
hypothermia and pain.

Since the management of severe burns is multidisciplinary,
these recommendations are intended for all healthcare providers
caring for severely burned patients during the first 48 hours after
injury (i.e. prehospital and emergency staff, anaesthesiologists
and anaesthetist nurses, intensivists and caregivers in non-
specialist centres and paediatricians). These recommendations
are also intended for surgeons since escharotomies or very early
excisions may be required within 48 hours of injury. These
recommendations have been drafted by specialists from all over
Europe. Finally, the recommendations only address the treatment
of thermal burns: treatment of electrical and chemical burns is
excluded.

Purpose of the recommendations

The purpose of these recommendations for professional
practice (RPP) was to produce a decision-making framework for
the management of thermal burns in the acute phase. The experts
endeavoured to produce a minimum number of recommendations
that highlight the main management principles in the six
predefined fields. The well-known basic universal rules of good
clinical practice were excluded from these recommendations.

Recommendation fields
The recommendations relate to six fields:

assessment, admission to specialised centres, and telemedicine;
haemodynamic management;

airway management and smoke inhalation;

anaesthesia and analgesia;

local treatment;

other treatments.

Methods

These guidelines are the result of work by a group of experts
who were brought together by the SFAR, SFB, SFMU, and ADARPEF.
All experts completed a conflict-of-interest declaration before
beginning their contribution. The organising committee’s first step
was to define the objectives of the recommendations and the
methodology to be used. The organising committee then defined
the six fields that would be targeted by this RRP and its related
questions. The resulting recommendations were then modified
and finally validated by the experts.

When possible, the questions were formulated according to
Patients — Intervention - Comparison — Outcome (PICO) format.
Patients with severe burn injuries form the population that is the
subject of all these recommendations (“P” of the PICO format).

The literature analysis was conducted according to the GRADE
method (Grade of Recommendation Assessment, Development

and Evaluation). This analysis showed that there are currently
very few studies with enough power to accurately measure the
effects of treatment on the most important outcome variable,
namely, mortality. The methodological quality of these few
studies was mostly poor. Therefore, prior to writing these
guidelines, the experts decided to adopt the recommendations
for professional practices (RPP) format rather than the recom-
mendations formalised by experts (RFE) format. The GRADE
method was still used to compile the tables summarising the data
in the literature. As a result, the level of evidence for each
bibliographic reference was determined based on the type of
study involved. The level of evidence for each article could be re-
evaluated on the basis of the methodological quality of the study,
whether the different studies had consistent results, whether the
evidence was direct or not, cost analyses, and the significance of
the benefits observed in the study.

The recommendations were then drafted using the SFAR’s RPP
terminology, namely, “the experts suggest doing” or “the experts
suggest not doing”. Proposed recommendations were presented
to the experts and discussed one by one. The aim of these
discussions was not necessarily to obtain a single convergent
opinion from the experts for each proposal but, rather, to identify
the points on which the experts agreed, disagreed, or were
undecided. Thus, each recommendation was evaluated by each
expert and scored on a scale of 1 (complete disagreement) to 9
(complete agreement). The collective rating of the experts was
then determined using the GRADE method. A recommendation
was validated when:

o at least 70% of the experts expressed a concurring opinion;
o fewer than 20% of the experts expressed a contrary opinion.

If arecommendation was not validated, it was reformulated and
the new formulation was subjected to the same consensus-seeking
process described above.

Field 1: assessment, admission to specialised centres, and
telemedicine

Experts: Nicolas Donat (Clamart), Clément Hoffmann (Clamart),
Mathieu Fontaine (Lyon), Thomas Leclerc (Clamart), and Hugues
Lefort (Metz).

Question 1.1: What method should be used to measure the burned skin
area?

R1.2 - The experts suggest that the standardised method of
Lund and Browder (suitable for both adults and children)
should be used to measure the total burned body surface area.

Rationale

It is crucial to measure the total burned body surface area
(TBSA) soon after injury, as this variable directly impacts the
clinical course and initial management, particularly fluid resusci-
tation in the first hours. As a result, this assessment is a cornerstone
of the definition of severe burns (Annex 2). TBSA should only be
evaluated for second- and third-degree burns.

Several TBSA measurement methods have been reported. Five
studies (n=1944 patients) showed that these methods often
significantly under- or overestimate true TBSA [1-5].

Indeed, TBSA appears to be overestimated in 70-94% of cases.
Consequently, the volume of fluids administered in the acute phase
generally exceeds the requirements. Nevertheless, the Lund-



256 M. Legrand et al./Anaesth Crit Care Pain Med 39 (2020) 253-267

Browder chart (Annex 3) appears to be the most accurate method
for TBSA quantification. The Wallace rule of nines (Annex 3)
significantly overestimates TBSA and is not suitable for children
[6]. However, in practice, especially in prehospital settings, the
Lund-Browder method is not always easy and must be repeated
during initial management. The assessment can be done manually
or facilitated by existing smartphone applications (e.g. E-Burn, see
Annex 3) [7,8]. This precise, repeated evaluation of the TBSA at the
beginning of the patient’s care prevents overtriage (which
consumes inappropriate resources) and limits undertriage (which
can lead to increased morbidity and mortality) [9].

While the Lund-Browder chart (paediatric version) is the
reference method for TBSA measurement [5,10], the serial halving
method could be used in the prehospital setting or in mass casualty
situations [11]. An alternative is to use the open hand (i.e. the palm
and fingers), which is equivalent to a TBSA of 1%. This practical
method is simple to teach and use. It also limits overvaluation of
the TBSA [12].

Question 1.2: Does specialist management improve the survival and
functional prognosis of patients with severe burns?

R1.2.1 - The experts suggest that referral to a burn specialist
should be sought to determine whether the patient should be
admitted in a burns centre.

R1.2.2 - The experts suggest that telemedicine should be
used to improve the initial assessment of severely burned
patients.

R1.2.3 - If there is an indication for admission in a burns
centre, the experts suggest that the patient should be admitted
directly to the centre.

R1.2.4 - The experts suggest that an escharotomy should be
performed if a deep burn induces compartment syndrome in
the limbs or trunk that compromises the airways and respira-
tion and/or circulation. ldeally, the escharotomy should be
performed in a burns centre by an experienced provider.

Rationale for R1.2.1

Severe burns remain associated with long-term morbidity and
mortality [13,14]. The main risk factors for mortality after severe
burns are age, TBSA, and smoke inhalation [15-17]. Optimal
management of these patients requires considerable resources as
well as specialised multidisciplinary teams [18]. Several interna-
tional studies have reported that a multidisciplinary approach is
associated with better survival, facilitates rehabilitation, and
reduces complications, length of hospital stay, and costs. These
benefits have also been observed in other settings (e.g. neurosur-
gery or thoracic surgery) [19-21]. Burns centres have therefore
opened all over France and elsewhere (Annex 1), and this is why
the French-speaking Burns Society (Société francophone de
briilologie) has proposed indications for admission to these
centres. Despite this, however, most burns patients in France
(and elsewhere) are still managed by non-specialised teams [22-
25]. The experts agree that, with severe burns, first responders
should urgently request the opinion of a specialist to help
determine the severity of the burn, measure the TSBA burned,
initiate appropriate fluid resuscitation, and ensure appropriate
management and referral of the patient. Advice from specialists is
also required for burns involving certain anatomical areas (face,
hands, feet, flexure lines, genitals or perineum). An expert opinion
is also needed in special situations such as hyperalgesia or the need
for special medico-social care or long-term rehabilitation.

Rationale for R1.2.2

When no burns specialists are readily available, telemedicine can
reliably improve the measurement of TBSA burned and help to
correctly characterise its severity. This in turn improves patient
management because it not only prevents overtriage and unnecessary
hospitalisation, but also reduces undertriage, which increases the risk
of morbidity and mortality [26-29]. Telemedicine is particularly
suitable for burns with non-life-threatening burns or when the degree
of severity is uncertain [30,31]. Telemedicine also limits inappropriate
patient transfers, which are associated with an increased risk of
mortality [9]. It is necessary to have an interconnected system
(synchronous or not) that allows images to be transferred, processed,
and even archived rapidly so that there is no time-loss that might
increase risks for the patient [32,33]. Such systems must meet the
international recommendations for telemedicine practices [34].

Rationale for R1.2.3

If hospitalisation at a burns centre is required, direct admission
should be preferred. Many studies have shown that burns centres
are associated with better survival of burns patients. This has been
attributed to their concentration of complementary areas in burn
care, their specialisation in burn care techniques and the volume of
patients admitted [35-39]. Certain retrospective studies with low
levels of evidence have found conflicting results regarding survival
[9,40,41]. However, several studies have shown that admission to a
burns centre is associated with decreased morbidity, even in the
long-term [42,43]. In addition, several prospective randomised
clinical trials in adult populations have shown that early surgical
excision and skin grafting, which are now routinely performed at
most major burns centres around the world, significantly reduce
morbidity, mortality and the length of hospital stay for severely
burned patients [44]. Notably, the study by Ehrl et al. found that
direct admission to a burns centre reduced the time to excision and
the duration of mechanical ventilation [9]. Similarly, Pegg et al.
showed that patients either directly admitted to a burns centre, or
admitted secondarily yet with a shorter delay, had earlier excision,
which in turn indirectly improved morbidity and mortality
[15,45]. The negative impact of inhalation injuries on mortality
also increases non-linearly with the transfer time [16]. The experts
suggest that direct admission should be preferred if hospitalisation
at a burns centre is required. A transition phase at a nearby
institution should be considered if the burns victim exhibits
haemodynamic or respiratory instability in the early stages and the
transportation time is long (Annex 2).

Rationale for R1.2.4

Circumferential third-degree burns can induce constriction,
which increases pressure inside the affected anatomical compart-
ment. Depending on the affected body region, this pressure can
lead to:

e acute limb ischemia with neurological disorders and down-
stream necrosis;

e thoracic or abdominal compartment syndrome with physiologi-
cal consequences, namely, decreased cardiac output and
pulmonary compliance, hypoxia, hypercapnia, acute renal
failure, and mesenteric ischemia [46,47].

Escharotomy can decompress the subcutaneous tissue in cases
of third-degree (and sometimes deep second-degree) circumfer-
ential burns [48]. No randomised controlled trials have evaluated
the effect of escharotomy on burn-related compartment syndro-
mes. However, although mostly retrospective and with small
sample sizes, several cohort studies and case series suggest that,
while escharotomy is relatively rarely performed, it does decrease
intra-compartmental pressure and can both cure and prevent
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compartment syndrome, decrease morbidity and improve func-
tional outcomes [49-52]. The timing for escharotomy is rarely
mentioned in the literature. There seems to be international
agreement that escharotomy is rarely indicated immediately and
that the only urgent indication is compromised airway movement
and/or ventilation. It is also agreed that patients who exhibit intra-
abdominal hypertension or circulatory impairment should under-
go escharotomy within 48 hours of the emergence of these
conditions [50-56].

Escharotomy carries a risk of complications, particularly
haemorrhage and infection [50,57]. A poorly performed escharo-
tomy is also associated with increased morbidity [57-60]. There-
fore, the experts recommend that this procedure be performed
only at a Burns Centre. If it is impossible to transfer the patient to a
burns centre quickly, it is recommended that specialist advice be
obtained before performing an escharotomy.

Field 2: haemodynamic management

Experts: Pauline Devauchelle (Lille), Nicolas Donat (Clamart),
Clément Hoffmann (Clamart), Jeanne Jonqueres (Lyon), Thomas
Leclerc (Clamart), Marie-Reine Losser (Nancy), and Sabri Soussi
(Paris).

Question 2.1: Should intravenous fluid be administered early in the
initial management of severe burns?

R2.1.1 - The experts suggest that adult burn patients with a
total burned body surface area of > % and paediatric burn
patients with a total burned body surface area of > 10% should
receive 20 mL/kg of an intravenous crystalloid solution within
the first hour of management.

R2.1.2 - The experts suggest that balanced crystalloid solu-
tions should be used.

Rationale

Severe burn injuries induce early hypovolaemic shock due to
inflammation, capillary leak syndrome and alterations in the
microcirculation [61]. The severity of this shock and the rapidity of
its onset were first described in the 1930s and have been observed
repeatedly ever since, including after mass casualty accidents, such
as the Los Alfaques disaster in 1978 [62,63]. These observations
were confirmed in animal models. These models were also used to
develop several formulae to calculate the initial fluid require-
ments. Baxter et al. and Asch et al. observed in animals that the
nadir of cardiac output appears within the first 4 hours, before
increasing [64,65]. Fluid resuscitation restores cardiac output more
rapidly [65]. Observational studies then showed that a low cardiac
output was associated with a worse outcome [66-68]. The timing
of fluid resuscitation appears to be critical. One retrospective study
has shown that children who undergo early fluid resuscitation
(within 2 hours of being burnt) have reduced morbidity and
mortality [69]. Consequently, the experts propose early adminis-
tration of 20 mL/kg of crystalloid (within the first hour) to address
the early hypovolaemic phase. No adjustment for TBSA is based on
the difficulties and errors in accurately assessing it within the first
minutes after injury.

Intravenous access should be obtained as soon as possible,
preferably in unburned areas. If an intravenous access cannot be
rapidly obtained, an intraosseous route is recommended [70]. Cen-
tral femoral venous access should be considered as a last resort [71].

Historically, Ringer’s or Hartmann’s solutions have been the
most commonly used for fluid resuscitation. These are balanced
crystalloid solutions characterised by an electrolyte concentration

close to that of plasma, particularly regarding sodium and chloride
concentrations [68,72]. There are very few data and no randomised
controlled trials on other balanced solutions such as Ringer’s
Acetate solution [73,74]. Compared to balanced solutions, 0.9%
NaCl is associated with a higher risk of hyperchloraemia and
metabolic acidosis in other settings (e.g. major surgery or ICU
populations). Moreover, ICU patients receiving 0.9% NaCl have a
higher incidence of acute kidney injury than patients receiving
balanced solutions [75,76]. In this context, it seems reasonable to
propose Ringer’s Lactate solution as the first-line balanced fluid
resuscitation solution for burns victims [75,77-80].

Few observational studies have also investigated hypertonic
solutions. Due to the paucity of these data, these solutions cannot
yet be recommended for fluid resuscitation in burns patients.

Question 2.2: Should fluid resuscitation be guided by the total body
surface area (TBSA) burned?

R2.2 - The experts suggest using a formula that includes at
least the body weight and total burned body surface area to
estimate the initial crystalloid infusion rate.

Rationale

Fluid resuscitation is a cornerstone in the initial management of
severe burns [62,81,82] (Annex 4). Several formulae that predict
fluid requirements are available (Evans et al., Baxter and Shires
[Parkland formula], and Pruitt et al. [Brooke formula], supplemen-
tary files 4 and 5) [64,83-85]. These formulae estimate fluid
requirements between 2 and 4 mL/kg/%¥TBSA over the first
24 hours post-burning. Unfortunately, these formulae have never
been rigorously validated. None of them have been formally
proven to achieve better outcomes than others. The Rule of Tens, an
alternative to these classical formulae, is best suited to the
prehospital phase and the first hours of care. It has not been
clinically validated (validation in silico only) [86].

In children, several formulae have been proposed to calculate
the total fluid intake required in the first 48 hours. All include
TBSA. None of them have been formally evaluated and no studies
comparing them have been reported [87]. As children differ from
adults in having a higher body surface area/weight ratio, formulae
developed for adults are probably not applicable to children.
Indeed, burned children require a higher total fluid intake than
adults in the first 48 hours: two retrospective studies reported a
total fluid intake of about 6 mL/kg/% TBSA in children over that
period [88,89]. For children with a burned TBSA of over 10%,
several centres handle these paediatric specificities by calculating
the daily basal fluid intake requirement according to Holliday and
Segar’s 4-2-1 rule and then adding this amount to the fluid
requirement determined by the modified Parkland formula
(between 3 and 4 mL/kg/%TBSA) [90,91]. However, two retrospec-
tive studies suggest that reducing total fluid intake levels in the
subgroup of children with 10-20% of burned TBSA is associated
with a shorter hospital stay and a lesser need for skin grafts [92,93].
Annex 4 indicates the recommended doses of crystalloid at various
time points in the first 48 hours after injury.

Question 2.3: Should fluid resuscitation be adjusted for severe burns?

R2.3 - The experts suggest that in fluid resuscitation for severe
burns, the infusion rate should be adjusted as soon as possible
based on clinical and haemodynamic parameters.
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Rationale

Resuscitation formulae provide an initial estimate of the amount of
fluids required to compensate for fluids lost due to burn injuries,
but these are inaccurate. Actual infusion rates must be adjusted to
the clinical response and haemodynamic parameters to avoid
either insufficient [69] or excessive fluid infusion (known as “fluid
creep”) [94], as both of which are associated with increased
morbidity [64,95,96].

The easiest and fastest way to adjust fluid resuscitation rates is
based on hourly urine output. While not formally established, a
urine output of 0.5-1 mL/kg/h is commonly targeted in adults
with thermal burns. Other parameters may be used in combina-
tion with urine output, including arterial lactate concentration or
advanced haemodynamic monitoring such as echocardiography,
cardiac output monitoring and central venous pressure measu-
rements. These seem to be particularly valuable in patients with
haemodynamic instability and/or persistent oliguria despite
resuscitation [97,98]. The impact of targeting specific haemody-
namic parameters on outcome is unclear [99,100]. A computer-
based decisional support system can also help with decision-
making during the initial resuscitation phase and may limit the
risk of over-resuscitation [101]. If hypotension persists despite
appropriate fluid resuscitation, vasopressors can be used.
However, the cardiac function and intravascular volume status
should probably be evaluated as soon as possible using
echocardiography or alternative haemodynamic monitoring
[102]. In Annex 5A, the experts propose a haemodynamic
management protocol for adults. Note that so far no algorithms
have been prospectively validated.

A similar risk of under- and over-resuscitation exists for
children. A retrospective study reported an increased length of
mechanical ventilation time and a longer hospital stay with a
positive fluid balance on Day 3 [103]. Urine output is considered as
a key parameter to guide fluid resuscitation in children [104]. A
retrospective study in children with TBSA > 30% reported that
haemodynamic monitoring using transpulmonary thermodilution
was associated with less fluid and lower morbidity [105]. Annex 5B
proposes a fluid resuscitation algorithm in children.

Question 2.4: Should albumin be used for fluid resuscitation in severe
burns?

R2.4 — The experts suggest administering human albumin to
severe burns patients with a total burned body surface area of
over 30% after the first 6 hours of management.

Rationale

A recent international survey of intensive care unit physicians
showed that more than 30% of responders frequently or
systematically used colloids in the early phase of severe burn
management. The most commonly used colloid was human
albumin (more than 60% of respondents) [72,106]. In theory,
colloids can increase oncotic pressure, thereby decreasing fluid
leakage and reducing the volume of crystalloids administered in
the initial phase of severe burn management. As a result, colloid
administration could reduce the complications related to fluid
overload, which include acute respiratory distress syndrome,
congestive acute kidney injury, and abdominal compartment
syndrome, thereby potentially improving the prognosis
[107,108]. Human albumin may also have an anti-inflammatory
and antioxidant activity [106].

A recent meta-analysis initially found that, when patients with
severe burns were given albumin within the first 24 hours, their
survival did not improve. However, when two studies with a high
risk of bias were excluded, the meta-analysis showed that albumin
administration significantly reduced mortality (odds ratio = 0.34;
95% confidence interval =0.19-0.58; P < 0.001) [109]. Another
meta-analysis showed that albumin administration within the first
24 hours in severe burns patients also significantly reduced
abdominal compartment syndrome from 15.4% in the non-treated
control group to 2.8% in the albumin-treated group (P < 0.05): the
odds ratio was 0.19 (95% confidence interval = 0.07-0.5). However,
the two groups did not differ significantly in terms of mortality,
acute kidney injury, or respiratory complications [110]. Several
studies, most of them observational, showed that 5% albumin
administration reduced administered crystalloid volumes and
decreased the incidence of organ failure and mortality for patients
with a TBSA of > 20-30% [110-114]. However, the small (n =42)
multicentre controlled study by Cooper et al. was unable to detect
a significant difference between the 5% albumin group and the
control group in terms of organ failure [115].

Notably, a multicentre study on patients without burns who
had severe sepsis or septic shock did not find that 20% albumin
administration (with a serum albumin target of > 30 g/L) reduced
mortality relative to the control group either. However, the
patients in the septic shock subgroup who received albumin did
have a lower net fluid balance and less mortality than the controls
[116].

Since the very high volumes of crystalloids administered to
burns patients is associated with iatrogenic injuries, the experts
suggest that severe burns patients should receive enough albumin
to maintain albumin levels at > 30 g/L. The albumin doses that
achieve this are generally around 1-2 g/kg/day. This may help to
decrease the infused volumes of crystalloid and the resulting
morbidity.

In paediatric settings, albumin administration has been
empirically included in certain resuscitation protocols (Galveston
and Cincinnati). Although this approach is still controversial, it
seems to reduce paediatric fluid needs. A study on children with a
TBSA of > 15% showed that, compared to late administration
(12 hours post-burning), early administration (8-12 hours post-
burning) of 5% albumin decreased crystalloid administration, the
incidence of fluid creep, and the length of hospital stay
[117]. Similarly, a retrospective observational study in paediatric
patients who required progressive increases in crystalloid admin-
istration found that albumin administration normalised the ratio
of fluid volume to urinary output [118].

The experts would like to remind readers that the European
Medicines Agency (EMA) and the National Agency for Drug
Safety (ANSM) contraindicate the use of hydroxyethyl starches
in severe burns (ansm.sante.fr/S-informer/Informations-de-
securite-Lettres-aux-professionnels-de-sante/Solutions-pour-
perfusion-a-base-d-hydroxyethylamidon-HEA-nouvelles-
mesures-visant-a-renforcer-les-restrictions-existantes-Lettre-
aux-professionnels-de-sante).

Field 3: airway management and smoke inhalation

Experts: Damien Barraud (Metz), Pauline Devauchelle (Lille),
Hugues Lefort (Metz), Matthieu Legrand (Paris), Marie-Reine
Losser (Nancy), Olivier Pantet (Lausanne, Switzerland), and
Sandrine Wiramus (Marseille).
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Question 3.1: Should patients with facial burns be routinely intubated?

R3.1.1-The experts suggest that patients with burns involving
the face or neck should not be routinely intubated.

R3.1.2 — The experts do suggest considering intubating
patients with burns involving the entire face if one (or more)
of the following features are also present:

1) A deep and circular burn on the neck,

2) Symptoms of airway obstruction (i.e. change in voice,
stridor, laryngeal dyspnea),

3) The burns are very extensive (i.e. total burned body
surface area > 40%).

Rationale

The literature on the intubation criteria in burns patients and
the morbidity and mortality associated with intubation and
mechanical ventilation is poor. However, the data do show that
burns patients have a high risk of unnecessary intubation in the
prehospital setting. A study from Cai et al. in patients with
various TBSAs who were intubated in the prehospital setting
showed that the intubation was considered unnecessary in
nearly one third of patients [119]. Similar rates were observed in
two other studies [120,121]. Cai et al. also reported that the
reason for intubation in the prehospital setting was fear of an
airway obstruction in three quarters of patients. Such unneces-
sary intubations come at a cost: Cai et al. reported that patients
who were intubated in the prehospital setting had more
complications compared to patients who were intubated only
after they arrived at a burns centre. However, their duration of
mechanical ventilation was shorter (median: one hour [IQR: 1.0-
4.0] versus four hours [2.0-8.0]) and they had shorter length of
hospital stays [119].

These data reflect the poorly defined criteria for prehospital
intubation. Nevertheless, the experts agree that, if patients with
severe burns have non-specific indications for intubation (i.e.
severe respiratory distress, severe hypoxia or hypercapnia, and
coma), they should be intubated without delay. The experts also
agree that patients with severe burns involving the whole face
should be intubated if one or more of the following criteria are
met:

e the burn is a deep circular neck burn and/or;

e symptoms of airway obstruction exist (i.e. voice modification,
stridor, and laryngeal dyspnea) are present, and/or;

o the patient has a very extensive burn (i.e. TBSA > 40%).

In particular, patients with face/neck burns who were
exposed to vapours or who inhaled smoke should be
closely monitored due to the risk of glottis oedema and
respiratory distress [122,123]. Note that a difficult intubation
procedure should be implemented in these patients [124]. In
patients with no immediate indication for orotracheal intuba-
tion, the clinical situation should be re-evaluated on a
regular basis during their transport and after hospital admission
(Annex 4).

The same applies in children. It should be noted that tracheal
intubation is not recommended in the absence of respiratory
distress in children who have been burned by hot fluid, even if the
burns involve the face and/or skull and/or neck.

Question 3.2: Should a bronchial flexible fibroscopy be routinely
performed in smoke inhalation?

R3.2 - The experts suggest that, if smoke inhalation is sus-
pected, bronchial fibroscopy should not be performed outside
burns centres to avoid transfer delays.

Rationale

Smoke inhalation should be suspected in the event of fire in an
enclosed space, presence of soot on the face, dysphonia, dyspnea,
wheezing, and/or blackish sputum. Bronchial flexible fibroscopy
is generally considered as the gold standard for diagnosing smoke
inhalation. Chest X-rays and blood gas analyses are not indicative
of the diagnosis [125]. The severity of the lesions observed during
bronchoscopy (using grading scores) [126-128] is correlated with
morbidity, length of stay in the intensive care unit, duration of
mechanical ventilation and severity of hypoxemia [126-
138]. However, an urgent indication for intubation depends
primarily on proximal lesions of the airways. Although common
practice, the impact of fibroscopy on outcomes is uncertain. In one
retrospective study, systematic, repeated completion of fibrosco-
pies during the hospital stay was associated with shorter lengths
of stay and mortality [139]. These results were not confirmed in a
small randomised study (n=33) [140]. Fibroscopy should
probably only be performed in patients who have already been
intubated, due to the risk of clinical deterioration after the
procedure. Since it is not clear how bronchial fibroscopy affects
the patient’s prognosis or treatment, it should not delay transfer
to a burns centre.

Inhalation syndrome is rare in children: the incidence before
the age of 12 is 4.5%. This is because most children are burned by
scalding [141]. Nevertheless, smoke inhalation increases paediat-
ric mortality three-fold and raises the risk of morbidity, especially
respiratory and infectious problems [142,143]. These deleterious
effects of smoke inhalation are even observed when the TBSA
is < 10%: children with a TBSA < 10% and smoke inhalation are
10 times more likely to die than similar children without smoke
inhalation [144]. As with adults, fibroscopy is considered as the
gold standard for diagnosis, but its impact on treatment or
prognosis is not clear [125]. Again, its use in children, which may
be complicated in young children, must not delay proper
management of these patients.

Question 3.3: Should hydroxocobalamin be administered routinely in
cases of smoke intoxication?

R3.3.1 — The experts suggest that hydroxocobalamin should
not be routinely administered after smoke inhalation.

R3.3.2 — The experts suggest that administration of hydro-
xocobalamin should be restricted to adult patients with smoke
inhalation and a high suspicion of severe cyanide poisoning
and to children with smoke intoxication and moderate intoxi-
cation from cyanide.

Rationale

Smoke inhalation can be accompanied by cyanide poisoning,
potentially lethal due to mitochondrial toxicity [145]. Hydroxoco-
balamin is the most widely available antidote for cyanide
poisoning in France. Although experimental data suggest that
hydroxocobalamin effectively counters the effects of cyanide
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poisoning, there are insufficient data to confirm its efficacy in
humans. The available observational studies lack a control group
and therefore have a very low-level of evidence [146,147]. There
is no evidence that hydroxocobalamin improves survival after
smoke inhalation. Furthermore, hydroxocobalamin has been
associated with nephrotoxicity due to oxalate nephropathy
[148]. Therefore, hydroxocobalamin treatment should probably
be restricted to cases of smoke inhalation in which serious
cyanide poisoning is suspected with cardiac or respiratory arrest,
shock, and/or coma. Since plasma lactate concentration is
correlated with plasma cyanide concentrations, its measurement
may guide the indications for hydroxocobalamin treatment: a
cohort study showed that 83% of patients with cyanide poisoning
exhibited plasma hyperlactatemia above 8 mmol/L [149]. The
recommended dosage in adults is 5 g and 10 g for cardiac arrest
(Annex 4A).

Children have higher alveolar ventilation per minute and a
lower body mass index than adults. These differences contribute
to their greater vulnerability to cyanide poisoning after smoke
inhalation [150,151]. Given the seriousness of this poisoning,
hydroxocobalamin (70 mg/kg, maximum 5 g) administration is
recommended in the prehospital setting of smoke inhalation in
children with signs of moderate cyanide poisoning (Glasgow
Coma Scale [GCS] score < 13, confusion, stridor, hoarse voice,
polypnea, dyspnea, soot particles in the airways) or severe
cyanide poisoning (GCS score < 8, seizures, coma, mydriasis,
severe haemodynamic disorders, collapse, respiratory depres-
sion) [152].

Question 3.4: Should hyperbaric oxygen therapy be systematically
administered when there is suspicion of smoke inhalation?

R3.4 — The experts suggest that hyperbaric oxygen therapy
should not be routinely administered for cases of suspected
carbon monoxide poisoning after smoke inhalation.

Rationale

Two potential indications for one or more hyperbaric oxygen
therapy (HBOT) sessions in severely burned patients have been
proposed. The first is after suspected or proven carbon monoxide
(CO) poisoning secondary to smoke inhalation: in such cases, HBOT
is thought to prevent or reduce the neurological sequelae of this
poison. The second indication is to promote the healing of burn
wounds.

A systematic review of six studies by the Cochrane group in
2011 did not find any evidence that HBOT might decrease the
neurological sequelae of CO poisoning [153]. Nevertheless, in 2016,
the European Committee of Hyperbaric Medicine (ECHM) stated
that patients with CO poisoning who have a high risk of medium or
long-term neurological sequelae should be treated with HBOT,
regardless of their carboxyhaemoglobin level at admission. These
are patients with an altered state consciousness and/or neurologi-
cal, respiratory, cardiac or psychological symptoms. HBOT is also
recommended for CO-poisoned pregnant women regardless of
their clinical presentation upon admission. These recommenda-
tions were designated by the ECHM as type 1 recommendations,
and HBOT is strongly recommended as a primary treatment
method (grade B evidence) [154]. However, two international
societies (the American College of Emergency Physicians and the
International Society for Burn Injuries) reached more conservative
conclusions. They stated that HBOT is often contraindicated in
severe burns patients, owing to frequent haemodynamic or
respiratory instability in the acute phase, creating technical

difficulties with HBOT carrying significant risks [52,155]. The
experts of the current recommendations suggest that the
indication for HBOT should be evaluated on a case-by-case basis.
Factors to consider in these assessments include whether the
patient is a child or a pregnant woman, the severity of both the
poisoning and the burn, stability of the patient, whether the HBOT
equipment can be initiated within an acceptable time frame, and
whether a specialised team is present to ensure the best safety
conditions. No studies comparing normobaric oxygen therapy with
a placebo in smoke inhalation patients with CO poisoning have
been reported. However, since the physiological and pharmaco-
logical basis for normobaric oxygen therapy in CO poisoning is very
well known and widely accepted [156], all three societies
recommend oxygen therapy for this indication. Therefore, all
patients with suspected or confirmed CO poisoning after smoke
inhalation should be treated with oxygen without delay, via a high
concentration mask, or 100% FiO, for 6 to 12 hours, if mechanically
ventilated.

With regard to the healing of severe burn injuries, a systematic
review by the Cochrane group reported that the scientific evidence
supporting HBOT for this indication is old, limited, and of very low-
level evidence [159]. In their 2016 statement, the ECHM suggested
that early HBOT (within the first 6 hours) could be an optional
therapy for second-degree burns involving > 20% TBSA, especially
if the burns involve the face, neck, or perineum [154]. It was
considered that HBOT in this setting could reduce deep extension
of the burn and improve healing (type 3 recommendation, namely,
HBOT can be considered as a possible measure but the evidence for
itis only grade C) [157]. None of the three international societies of
burns (the American Burn Association, the European Burn
Association, and the International Society for Burn Injuries)
provide recommendations for this indication. The results of an
ongoing study may soon provide additional answers
(NCT00824551). In the meantime, the experts of the current
recommendations have agreed that HBOT is not indicated for burn
wound healing.

In children, the ECHM recommends that any child suspected of
CO poisoning should immediately receive 100% oxygen, starting at
the first aid stage. This is a Type 1 recommendation supported by
grade C evidence [156]. Moreover, the ECHM states that all
children with CO intoxication who exhibit impaired consciousness
and/or neurological, cardiac, respiratory, or psychological symp-
toms should be treated with HBOT, regardless of the carboxyhae-
moglobin value at hospital admission. This is a type
1 recommendation that is supported by grade B evidence
[154]. The experts of the current recommendations agree on these
statements.

Field 4: anaesthesia and analgesia
Experts: Mathieu Jeanne (Lille) and Antoine Roquilly (Nantes).

Question 4.1: Should combinations of analgesics be used to control
pain in patients with severe burns?

R4.1.1 - The experts suggest that multimodal analgesia can be
used but all analgesic medications must be titrated on the basis
of validated comfort and analgesia assessment scales.

R4.1.2 - The experts suggest that titrated intravenous keta-
mine can be combined with other analgesics to treat severe
burn-induced pain.

R4.1.3-The experts suggest that, if the patient is stable, non-
pharmacological techniques should be combined with analge-
sic drugs for dressings, where appropriate.
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Rationale

The pain caused by burns or the care of burns (i.e. dressings) is
often very intense and difficult to treat and can represent an
indication for admission to a burns centre. The use of written
protocols for the management and regular assessment of pain
should be encouraged [158].

Burn injuries trigger inflammation, hypermetabolism and
capillary leakage, which lead to hypovolaemia and may increase
the risk of adverse effects from analgesics or sedative drugs
[159]. Titrating drugs is therefore likely to reduce the risk of under-
and overdosing [160]. Ketamine is an effective drug for burn-
induced pain and can limit morphine consumption.

In 2008 and 2012, the French Society of Emergency Medicine
(SFMU) and the SFAR produced sedation and analgesia guidelines
respectively [161,162].

The lack of good quality data on lidocaine prevents drawing up
any recommendations for its use in burns patients [163].

Locoregional anaesthesia techniques may be used in burns
patients when applicable [164].

Finally, non-pharmacological treatments such as cooling
limited burned surfaces (see Q5.1) and covering burns with a
fatty substance (e.g. Vaseline and dressings) might improve pain
control. Moreover, virtual reality or hypnosis techniques may
reduce the intensity of pain and the patient’s anxiety. For patients
without life-threatening injuries, burn management conditions
must be adapted to the use of these techniques [165].

A 20-minute cooling was associated with a shorter hospital
stay, a lower risk of admission to continuing care, and a lower need
for grafts in burns with < 25% TBSA [167,168]. However, cooling
was not associated with lower mortality. In adults, burns should
probably be cooled for 20 minutes within 3 hours of sustaining the
burn [167,173]. While cooling is typically done with 15 °C water,
there are also other cooling techniques [174].

Cooling carries a risk of hypothermia. Three studies involving
1172 patients found no association between cooling and the
occurrence of hypothermia [175-177]. However, a study of
622 children showed that hypothermia after cooling was a risk
factor in those with a TBSA of > 10% [178]. Other studies suggested
that external cooling did not bear a risk of hypothermia in children
if their TBSA was < 15% [178,179]. The TBSA that is significantly
associated with a risk of harm remains uncertain. However, the
experts propose that in the absence of shock, a TBSA of over 10-
15% in children and 20-25% in adults should discourage external
cooling.

Question 5.2: Should a dressing be applied in the initial phase?

R5.2 - The experts suggest that burn wounds should be
covered in the initial phase to reduce the risk of hypothermia
and microbial contamination. The dressing should be main-
tained until expert advice can be obtained.

The experts would like to stress that the sedation and analgesia
algorithms of the SFAR and SFMU recommendations apply to
severely burned patients.

Pain induced by burns or dressing changes is often short lasting.
Short-acting opioids and ketamine are probably the best drugs for
the management of burn-induced pain. Inhaled nitrous oxide can
be useful, especially when no intravenous access is available. The
haemodynamic effects of alpha-2 receptor agonists make them
difficult to use in the acute phase. Finally, in highly painful injuries
or procedures, general anaesthesia is an effective option [166].

Field 5: local treatment

Experts: Damien Barraud (Metz), Mathieu Fontaine (Lyon),
Laetitia Goffinet (Nancy), Jeanne Jonqueres (Lyon), Matthieu
Legrand (Paris), Célia Lucas (Paris), and Anne-Francoise Rousseau

(Liége, Belgium).

Question 5.1: Should we routinely cool severe burns?

R5.1 — The experts suggest that burns in adults with total
burned body surface area < 20% and children with total burned
body surface area < 10% should be cooled in absence of shock.

Rationale

Cooling burns can limit their deepening. A study by Wood et al.
on 2320 patients (> 16 years old, median TBSA 5.5%) reported that
cooling times of less than 40 minutes significantly reduced the
need for skin grafting (P < 0.001 for 20-39 min of cooling)
[167]. Similarly, the study by Harish et al. on 4900 patients with
a TBSA of < 10% (mean TBSA 1.9%) reported that early cooling with
tap water significantly reduced the depth of burns, although not
the need for skin grafting [168]. Experimental animal studies also
suggest an impact of cooling on burn depth [169-171]. Cooling
burns can also reduce pain [172].

Rationale

Burn wound dressings can reduce pain, protect the wound from
external contamination, and limit heat loss. Wound care is by no
means a priority and should be performed only after a well-
conducted resuscitation. If the patient cannot be transferred to a
burns centre within a few hours after injury, a dressing is probably
required. Ideally, a burns specialist should be consulted to define
the most appropriate dressing for the clinical situation and
whether blisters should be flattened or excised.

Burn wound care should be performed in a clean environment
and will mostly require deep analgesia or general anaesthesia. The
wounds should be cleaned with tap water, isotonic saline solution,
or an antiseptic solution before applying the dressing
[180,181]. The type of dressing depends on the TBSA, the local
appearance of the wound, and the patient’s general condition
(Annex 6). There is little evidence that one type of dressing is
superior to others. However, it seems that silver sulfadiazine is
associated with prolonged healing if used for a long time on
superficial burns [182]. An antiseptic dressing may be appropriate
for large or contaminated burns. Topical antibiotics should not be
used as first-line treatment but dedicated to infected wounds
only.

When applying the dressing, particularly on the limbs, it is
necessary to prevent the bandages from inducing a tourniquet
effect. In the case of circular dressings, distal perfusion should be
monitored. Ideally, dressings should be re-evaluated daily.

External cooling devices (e.g. Water-Jel dressings) should not be
used for prolonged periods, to limit the risk of hypothermia.
Accordingly, severe burns patients should not be transported to the
hospital with external cooling devices. Burn wounds can be
covered in the prehospital phase by sterile gauze, interface
dressings, or non-adhesive dressings. However, the application
of such simple dressings should not delay other resuscitation
interventions.
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Question 5.3: Should antibiotic prophylaxis be administered routinely
in severe burns patients?

R5.3 — The experts suggest that antibiotic prophylaxis should
not be administered routinely to burns patients.

Rationale

Infections are a major complication of severe burns and a
leading cause of death in these patients. However, it remains
unclear whether burns patients should receive local antibio-
prophylaxis, systemic antibiotic prophylaxis before surgery and
during the perioperative period, and/or systemic antibioprophy-
laxis outside the surgical period [183]. The question regarding
local antibiotic prophylaxis has already been addressed in R5.2.
The question regarding the use of systemic antibiotic prophylaxis
before surgery is beyond the scope of these recommendations
(excision graft surgery is very rarely performed or indicated in
the first 48 hours, especially when patients are not hospitalised at
a burns centre). The level of evidence for the use of systemic
antibiotic prophylaxis is low [184] with only three small
randomised clinical trials. Two trials reported that systemic
antibiotic prophylaxis did not reduce the risk of infection [185]
and the third (n = 40) suggested that antibiotic prophylaxis might
decrease the risk of pneumonia [184]. A cohort study based on
Japanese data suggested that systemic antibiotic prophylaxis in
the subgroup of mechanically ventilated burns patients might
decrease the risk of death [186]. Thus, the impact of systemic
antibiotic prophylaxis on outcome (i.e. infections and death)
remains uncertain. The experts suggest that systemic antibiotic
prophylaxis should be avoided, especially given the risk of
selecting multidrug-resistant bacteria in severe burns patients
[187].

Field 6: other treatments
Experts: Marie-Reine Losser (Nancy), Célia Lucas (Paris), Olivier
Pantet (Lausanne, Switzerland), and Anne-Francoise Rousseau

(Liege, Belgium).

Question 6.1: Should enteral nutrition be started early in severe burns?

R6.1 — The experts suggest starting nutritional support within
12 hours after burn injury. The oral or enteral routes are
preferred to the parenteral route.

Rationale

Early initiation of oral or enteral nutrition (within the first 6 to
12 hours) is associated with attenuation of the neuro-hormonal
stress response and the hypermetabolic response [188,189],
increased production of immunoglobulins [190], reduced inci-
dence of stress ulcers, and reduced risk of energy and protein
deficiency [191,192]. Daily energy requirements are determined
by using predictive formulas specific to burns patients. For adults,
the Toronto formula is used whereas the Schofield formula is used
for children [193-195] (Annex 7). The protein requirements are
1.5-2 g/kg/day for adults and up to 3 g/kg/day for children
[196,197].

Glutamine (or alpha-ketoglutarate) supplementation appears
to be associated with reduced gram-negative bacteraemia, a
shorter hospital length of stay, and decreased hospital mortality
[198,199]. In both adults and children, micronutrient supplemen-

tation should probably be given early. The main trace elements are
copper, zinc, and selenium. The main vitamins that should be
supplemented are vitamins B, C, D, and E [200-207]. These
supplements reflect the high micronutrient requirements of burns
patients, which cannot be covered by oral or enteral nutrition
[208,209].

Question 6.2: Should thromboprophylaxis be given?

R6.2 - The experts suggest that thromboprophylaxis should be
routinely prescribed for severe burns patients in the initial
phase.

Rationale

Hypercoagulability is frequently observed in burns patients due
to elevations in platelet counts, fibrinogen and levels of factors V
and VIII, which are associated with a drop in antithrombin III and
proteins C and S [210]. Retrospective cohorts show that burns
patients who lack thromboembolic prophylaxis have a high
incidence of deep vein thrombosis (0.9-5.9%) [211-214]. The
equivalent range in burns patients with prophylaxis is 0.25-2.4%
[215-219]. In the largest retrospective study currently available,
which includes 33,637 patients with or without prophylaxis, the
incidence of thromboembolic events was 0.61% [220]. Prospective
studies of patients with and without prophylaxis who were
routinely investigated by Doppler ultrasound for deep vein
thrombosis yielded even higher incidences, ranging from 6.1% to
23.2% [221-224]. The risk of thromboembolic events increases
with age, TBSA, depth of burns, presence of central venous access
(including femoral access), duration of mechanical ventilation and
the need for intensive care hospitalisation and multiple trans-
fusions [220,223,224]. One randomised controlled trial (n=96)
showed that enoxaparin was superior to placebo for preventing
thromboembolic events (0% vs. 8%, P= 0.021) [225]. Side effects are
scarce: bleeding rarely occurs [215,225] and the incidence of
heparin-induced thrombopenia is estimated at 2.7% with unfrac-
tionated heparin and 0.1-0.2% with low molecular weight heparin
[218,226]. It is therefore reasonable to apply thromboprophylaxis
in burns patients [227]. These doses have been proposed to be
higher than in other medical or surgical ICU patients due to a
higher risk of thrombosis, lower levels of antithrombin III [228],
increased volume of distribution, and increased renal clearance in
these patients. For this reason, measuring anti-Xa activity has been
suggested [229]. Mechanical thromboprophylaxis can be used for
the unburned area in patients with a contraindication for heparin.

In paediatrics, thromboprophylaxis is indicated in pubescent
patients and if a central venous catheter is in place.
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Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.accpm.2020.03.006.
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