
ABC ofMajor Trauma

MANAGEMENT OF SEVERE BURNS
Colin Robertson, Oliver Fenton

At the scene of a fire first aid procedures are often life saving. Medical staff
should use the following instructions for preparing a victim for evacuation
to a hospital.
Under the direction of the fire service and ensuring the safety of the

rescuers the patient should be removed from the scene of injury to a place of
safety and fresh air.
Flames and heat track upwards, so the patient should be kept supine and

_ rolled or covered with a heavy blanket, coat, or rug to extinguish any
residual flames. Take care not to get burnt yourself, especially if dealing

ie ~~~~~~~~withpetrol burns or self immolation.
If the clothing is still smouldering or hot apply large amounts of cold

water. Clothing saturated with boiling liquids or steam should be removed
rapidly, but do not remove burnt clothing that is adherent to the skin. Cover
burnt areas with clean (sterile if available) towels or sheets and ensure that
the patient is kept warm. Do not apply wet soaks or ice packs or use them
during transit as this will not provide any pain relief for patients with full

j,j zthickness burns and can cause profound hypothermia, especially in
children.

Evacuate the patient to the receiving hospital as quickly as possible. In
patients with severe burns or those who have been exposed to smoke or
fumes high flow oxygen through a facemask should be given during transit.

Alert the receiving accident and emergency department by radio or
telephone as to the number and ages of the patients and the severity of their
burns, together with the estimated time of arrival.

Reception and resuscitation

Necessary information on incident
* Its nature (house fire, blast, release of

steam or hot gas, etc) The primary assessment, investigation, and treatment of a patient with* If possible, the nature of burning materials
(furniture, polyurethane foam, polyvinyl severe burns should be a continuous and integrated process rather than a
chloride, etc) stepwise progression. While assessment is being performed a member of

* Was there any explosion? staff must obtain the necessary information about the incident from the
* Was the patient in an enclosed space? ambulance crew and other emergency services. This should then be
. For how long was the patient exposed to conveyed to the senior doctor in charge of the patient.

smoke or fire?
* The time elapsed from burn/injury/smoke

inhalation to arrival in hospital.

Management of the airway
Rapidly examine the patient for clinical evidence ofsmoke inhalation and

Clinical features indicating smoke thermal injury to the respiratory tract. In patients with one or more of the
or thermal injury to respiratory tract features described in the box respiratory obstruction from pharyngeal or

laryngeal oedema may develop rapidly. In such patients early endotracheal
Altered consciousness intubation performed by an experienced doctor is essential. Mucosal
Direct burns to face or oropharynx swelling of the oropharynx and epiglottis can be extremely rapid, and delay
Hoarseness, stridor can render tracheostomy necessary. In patients in whom complete
Soot in nostrils or sputum respiratory obstruction has already occurred or intubation is unsuccessful,
Expiratory rhonchi or both, immediate cricothyrotomy or "mini" tracheostomy is required,
Dysphagia

followed by formal tracheostomy. It should be emphasised, however, that
Dysphagia in patients with severe burns the tracheostomy site is an important site of

infection.
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All patients suspected of having inhaled smoke should be given
humidified high flow oxygen (an inspired oxygen concentration (FiO2)
of40-60%) through a face mask. Ifbronchospasm is present give the patient
a 12 agonist (such as salbutamol or terbutaline) with an oxygen powered
nebuliser.

Frequent repeated clinical assessment of the airway and ventilation is

mandatory in patients with all types of injuries caused by fire, together with
further measurements of arterial blood gas tensions, carboxyhaemoglobin
concentration and, if the patient can comply, peak expiratory flow rates.

Intravenous access

Intravenous cannulation.

Intravenous fluid requirements

Establishing adequate intravenous access must not be delayed. Insert and
secure one or more large bore (needle gauge 14-16) intravenous cannulas. If
possible use 10-15 cm cannulas to reduce the risk of dislodgement. The
normal and easiest sites for percutaneous insertion of intravenous cannulas
are the forearms and antecubital fossae. Narrow bore cannulas inserted into
small veins on the back of the hands are of little practical value.
Occasionally, alternative sites such as the external jugular and femoral veins
or the long saphenous vein at the ankle must be used, although the
saphenous vein is prone to early occlusion.

Intravenous cutdown in the cubital fossae or on the long saphenous vein
in the groin may be required if percutaneous intravenous access cannot be
performed. This approach can be made through burnt skin, but if this is the
case do not attempt to suture the resulting gaping wound. If possible, before
attaching the tubing of the intravenous drip take enough blood through the
cannula for cross matching and determining blood group, packed cell
volume, and urea and electrolyte concentrations.

For rapid assessment the "rule of nine" is useful. Do not include areas of
simple erythema in the estimate. The size of small burns can be judged
roughly by considering the palmar surface of the patient's closed hand as

about 1% of the total body surface area. Use your own hand to map out the
burnt area, and then make allowances for the size of your hand compared
with the patient's-for example, it would be three times the size of a 1 year
old child's and twice the size of a 5 year old child's. The result can be cross
checked by mapping the size of the unburnt area. In patients with very large
burns it is simpler to measure the unburnt area and then subtract from 100.

"Rule of nine" in estimating percentage body
surface area.

Example of how to judge the volume
required for intravenous replacement

Weight of patient who has sustained a burn=
70 kg
Body surface area covered=35%
Volume of colloid required in first four hours
after injury=35x70

2

=1225 ml

Start treatment with intravenous fluids; the first 500 ml should be 09%
saline. If colloid is then used-for example, 5% albumin, Polygelatine, or

Dextran 70- the volume of fluid required for intravenous replacement
treatment for the first four hours since injury should be judged roughly as
the percentage of the body surface area of the burn multiplied by the body
weight (kg) divided by two. If crystalloid alone is used this volume should
be doubled.

Patients with full thickness burns that cover >10% of the body surface
area may require a transfusion of red blood cells in addition to fluid
replacement.
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Immediate investigations

* Peak expiratory flow rate (if possible)
* Arterial blood gas tensions
* Carboxyhaemoglobin concentration
* Blood grouping and cross matching
* Packed cell volume
* Urea and electrolyte concentrations
* 12 Lead electrocardiography
* Chest radiography
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_ilX \Insert a urinary catheter and start hourly measurements of urine
"_i;<. X volume. Note the colour and consistency of the initial urine in patients with

severe flame or high voltage electrical burns. The urine may be a treacly
black, indicating haemoglobinuria or myoglobinuria, or both. This is of

WY --Y c t,^Iprognostic importance for subsequent renal function.
In elderly patients, patients with cardiorespiratory disease, and patients

who have delayed presentation consider inserting a central venous pressure
line ifyou are experienced in the technique. This can play an important part
in the subsequent restoration ofvolume in a patient with a severe burn. The
risks of infection related to a central line are small in the early stages. With
current methods of line management these risks are outweighed by the
importance of the line for monitoring and access.

Urine from a patient with electrical burns
indicates haemoglobinuria.

Analgesia and reassurance
Severe burns cause both pain and distress. Analgesia and reassurance

Pain relief in patients with severe
should be given as soon as possible. Treatment for pain in patients withPain relief In patients with severe severe burns must be tailored to the patient's individual requirements. Full

burns thickness burns, if present, are pain free, but all patients will be frightened
Entonox-for conscious, cooperative and distressed, and constant reassurance and communication are vital.

patients, especially in the prehospital A mixture of 50% nitrous oxide and 50% oxygen (Entonox) given by an
phase on demand system with a tight fitting facemask can provide simple and

Opioids-give intravenously in small effective analgesia, particularly before arrival in hospital. Subsequently, if
aliquots titrated to the patient's clinical required, an opioid such as Cyclimorph (cyclizine and morphine) should be

given intravenously in aliquots of 1 mg at a dose carefully titrated to the
clinical response.

Reassessment

100 The airnay
90i Confirm that the patient's airway is secure and that ventilation is
80 adequate. Repeat the measurements of arterial blood gas tensions and the
70- analysis ofcarboxyhaemoglobin concentrations, which give an approximate

guide to the amount of smoke inhaled; concentrations at the time of
60- exposure can be predicted by using the nomogram. For example, if the

504 carboxyhaemoglobin concentration is 30% one hour after exposure the
% , concentration at exposure would have been about 37%.
1001 g Clinical features ofcarbon monoxide poisoning correlate only moderately
80q 40 7 well with carboxyhaemoglobin concentrations. The so called "classic"
60 7 feature of cherry red mucous membranes is a rarely seen, totally unreliable

z03 // 30 clinical sign.

30i
Time since ,
exposure / 20- 20l Other toxic gases, such as hydrogen cyanide, hydrogen sulphide, and

hydrogen chloride, are often produced in fires. They may cause local
irritation to both upper and lower airways as well as acting systemically as
direct cellular poisons. The possibility of cyanide poisoning should be

12 -considered in patients with high carboxyhaemoglobin concentrations who
2- 3 8- are apnoeic and have metabolic acidosis. In these patients emergency

.6- resuscitation with assisted ventilation is required, and the use of cyanide
3- 4 10 antidotes (such as dicobalt edetate) should be considered.
15 4 Original Ensure that deep circumferential burns of the thorax are not causing

4 Measured exposure restriction in chest expansion and hence ventilation (see below).
t 1/2 4h concentration concentration

Nomogram for calculating
carboxyhaemoglobin concentration at time of
exposure.
Time since exposure is given in two scales to allow for
effects of previous oxygen administration as half life of
carboxyhaemoglobin (left scale assumes a half life of 3 h).
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CHART FOR ESTIMATING SEVERITY OF BURN WOUND
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Treatment with fluids
The rule of nine, which is used in the rapid

assessment of the burn injury, can result in
overestimation of the extent of the burn. More
accurate assessment can be made with Lund and
Browder charts and the rate of intravenous
replacement adjusted accordingly.

Formulas for intravenous fluid requirements
are, however, only rough guides and need
modification according to the patient's clinical
state. Regular checks and recording of pulse rate,
blood pressure, central venous pressure (if
indicated), urine output, packed cell volume, and
peripheral perfusion and of the trends in their
values can provide additional guidance for
adjusting the rate of infusion.

Lund and Browder chart.

Escharotomy of the chest, arm, and fingers.

The burns
Pending the patient's transfer from the accident and emergency

department to the ward or specialist burns unit the burnt area should be
covered with a sterile, warm, non-adherent dressing. A layer of Clingfilm
covered by a dry sheet and blanket is effective. Under no circumstances
should a patient be transferred in wet sheets or towels as this can lead to
hypothermia, with occasional fatal consequences.
Deep circumferential burns over the limbs, neck, and chest can produce

a tourniquet like effect as the damaged skin is unable to expand as tissue
oedema develops. If this occurs escharotomies (longitudinal incisions of the
skin) are required to permit adequate circulation. It may be necessary to
perform these before transfer. The affected part should be incised under
sterile conditions on both sides in much the same way as a plaster of Paris
cast is bivalved. Ensure that the entire length of the constriction is released
and take the incisions right to the tips of affected digits.

If escharotomy of the chest is required vertical incisions along anterior
and posterior axillary lines should be made. If sufficient chest expansion
does not occur further incisions in the midline and midclavicular lines and
tranverse incisions may be required. Escharotomy does not require
anaesthesia as the burns are full thickness burns. If it does cause pain then
escharotomy is probably not indicated.

Failure to perform an early escharotomy can lead to the loss of a limb;
therefore ifdoubtful always err on the side ofescharotomy. The incisions do
not cause any additional scarring as the burns are full thickness ones.
Substantial bleeding occurs from the wounds, and sterile absorbent
dressings should be applied and, if necessary, blood replacement given.
Ensure that the patient is adequately protected against tetanus.

Lethal burns
Few patients survive full thickness burns that cover more than 70% of the

body surface area. As a very rough guide, if the patient's age added to the
percentage of the body surface area of the burn exceeds 100 the chances of
survival are low. Any decision not to treat a patient with a lethal burn
aggressively must be taken by a consultant with experience in burns. If
aggressive resuscitation is not to be instituted in a patient the other
aspects of reassurance and analgesia are of even greater importance.
Remember that even patients with 100% full thickness burns are usually
conscious and sentient.
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Information required by burns unit
* Name, age, and sex of patient
* Percentage of body surface area covered

by and depth of burns
* Involvement of "special" areas such as the

face, head, and perineum
* Time of injury
* Presence of respiratory problems
* Treatment instituted and response

The photograph of a burning house was supplied by the
Royal Society for Prevention of Accident and that depicting
haemoglobulinuria was reproduced from the advanced
trauma life support"M (ATLS"M) slide set by kind permission
of the American College of Surgeons' committee on trauma.
The nomogram was reproduced with kind permission from
the paper by C J Clark et al (Lancet 1981 ;i: 1332-5), and the
drawings depicting intravenous access and escharotomy were
prepared by the education and medical illustration services
department, St Bartholomew's Hospital.

Mr Colin Robertson, FRCS, is consultant in accident and
emergency medicine, Royal Infirmary, Edinburgh, and
Mr Oliver Fenton, FRCS, is consultant in plastic surgery,
Aberdeen Royal Infirmary.
The ABC of Major Trauma has been edited by Mr

David Skinner, FRCS; Mr Peter Driscoll, FRCS; and Mr
Richard Earlham, FRCS.

General aspects

Ask the patient and the relatives about pre-existing medical conditions,
especially if these may be relevant to the therapeutic intervention being
performed-for example, obstructive airways disease and ischaemic heart
disease. Consider the possibility of underlying medical conditions that may
have led to the burn injury-for example, epilepsy, a cerebrovascular
episode, hypoglycaemia, drug or alcohol overdose.

In elderly patients, patients with known ischaemic heart disease, and all
patients with a carboxyhaemoglobin concentration > 15% obtain a 12 lead
electrocardiogram and attach a cardiac monitor. Myocardial ischaemia or
infarction and arrhythmias occur commonly and often do not have their
usual clinical features.

Consider the possibility of non-accidental injury in children.
Do not give prophylaxis with antibiotics or steroids.
Depending on local policies discuss the patient's management with the

burns or plastic surgical receiving team. If the patient is being transported
within the hospital or to another referral hospital adequate intravenous
fluids and analgesics should be transported along with him or her. All
patients suspected of having inhaled smoke or requiring additional care of
the airway must be escorted by an experienced anaesthetist with
appropriate equipment.
Make clear, concise notes, which must accompany the patient and should

include the size of the burn; the weight of the patient; the time when
intravenous fluids were started; which drugs were given for pain relief and
at what dose and time they were given; the urine and fluids chart; and details
of special problems.

ANY QUESTIONS

Is there any evidence that ingestion of antacids containing aluminium
compounds is associated with Alzheimer's disease?

Modern methods of chemical detection show that aluminium may be
absorbed from the gut and preferentially concentrated in the parathyroid
glands, bone, and brain. It is uncertain whether aluminium present in the
public water supply, derived from cooking utensils, or medicines is a
hazard to health in the absence of bone disease or renal impairment.
Studies in rabbits and cats, however, show that aluminium may induce the
formation of neurofibrillary tangles in brain that bear some resemblance to
the tangles that are so characteristic of Alzheimer's disease. The senile
plaques of Alzheimer's disease also contain aluminium at the core but it is
not clear if this aluminium triggers plaque formation or has simply
accumulated in the sticky protein matrix of the plaque during its later
development.

These observations have prompted epidemiological studies of the
association between Alzheimer's disease and environmental aluminium.
Martyn et al reported that incidence rates for presenile dementia,
presumed to be of the Alzheimer type, could be linked to increased
aluminium concentrations in the public water supply at source.' These
data have been subject to careful scrutiny and no consensus exists on their
interpretation. Prompted by this report, however, Colin-Jones et al
described part of their long term mortality follow up study of 9928
dyspeptic patients mostly with proved peptic ulcer in whom antacid use
was presumed to be extensive.2 After nine years' follow up over 20% had
died but in only eight cases was Alzheimer's disease (or an equivalent term)
mentioned on the death certificate. Although the authors considered these
figures attributable largely to chance, they may show on more detailed
examination (Alzheimer's disease is frequently underrepresented on death
certificates) to be a statistically significant excess of Alzheimer cases. But
the likely scale of such an excess, were it demonstrated, would be of more
theoretical than practical importance. Case-control studies of Alzheimer
presenile dementia have, likewise, shown no excess of peptic ulcers or
antacid use in this group of patients.

Public opinion, however, is not well informed on this matter and
aluminium is now popularly considered to be a "risk factor" for
Alzheimer's disease. Since aluminium does not seem to be an essential part
of the diet and there are no adverse effects on health of aluminium
deprivation many, especially among the elderly, think that it is prudent to
reduce their aluminium intake. Common sources of aluminium are
processed cheeses, baking powder (especially prepared cake mixes),
frozen dough, pancake mixes, self raising flour, and pickled vegetables.3
Aluminium containing medicines include most antacids, buffered aspirin,

antidiarrhoeal products, douches, and haemorrhoidal preparations.
Where reasonable alternatives exist that contain little or no aluminium
some patients in the present climate of uncertainty may welcome such
information and substitute parts of their diet or medication accordingly. -
L WHALLEY, senior lecturer in psychiatry, Edinburgh
1 Martyn CN, Barker D, Osmond C, Harris EC, Edwardson JA, Lacey R. Geographical relation

between Alzheimer's disease and aluminium in drinking water. Lancet 1989;i:59-62.
2 Colin-Jones D, Langman MJS, Lawson DH, Vessey MP. Alzheimer's disease in antacid users.

Lancet 1989;i: 1453.
3 Lione A. The prophylactic reduction of aluminium intake. Food Chem Toxicol 1983;21:103-9.

What are sleep laboratories, where are they sited, and what patients should be
referred to them?

In a sleep laboratory an electroencephalogram, eyeball movements
(electro-oculogram), and muscle tonus are recorded throughout the
night. Other measures can be added according to need, respiratory
movements and flow and an electrocardiogram being the common
ones.
Many sleep laboratories have been set up in the United States. They are

impressive but costly for patients. The real problem is that convincingly
delineated diagnostic entities are few and successful treatments fewer still.
Except for research purposes clinical experience, competent history
taking, and sensible advice are sufficient when the complaint is one of
insomnia, sleepwalking, night terrors, or bedwetting. In the case of
patients who fall asleep too often by day clinical competence is widely
lacking, but most patients do not merit study in a sleep laboratory.
Narcolepsy, cataplexy, sleep paralysis, idiopathic hypersomnia, and sleep
drunkenness continue to be widely unrecognised by doctors.

Specialist all night recordings are of value when there are indications of
nocturnal respiratory disorder, particularly obstructive sleep apnoea. In
this condition there is usually obesity or some local reason for obstruction
such as malformation or large tonsils and adenoids. Sleep causes the
pharyngeal airway to collapse, and respiration consists of a sequence of
abortive breaths followed by two or three loud snorts with near awakening,
again and again. The bed looks like a battlefield in the morning, the
partner gives a graphic account, and the disturbed sleep makes the sufferer
drowse off repeatedly by day.
There are established sleep laboratories for respiratory investigations at

the City Hospital, Edinburgh, and at the John Radcliffe Hospital, Oxford.
There is a newly established laboratory at Leicester Infirmary. There is
also one at the department of psychiatry, St George's Hospital, London.-
IAN OSWALD, professor ofpsychiatry, Edinburgh
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