
Annals of Burns and Fire Disasters - vol. XXIV - n. 2 - June 2011

82

Introduction

Inhalation injury is an acute respiratory tract insult
caused by steam or toxic inhalants such as fumes, gases,
and mists. Inhalation injury may occur without cutaneous
burn injury, though the two injuries usually occur togeth-
er. Despite increasing clinical interest in the problem of
inhalation injury over the last few decades, the patho-
physiology of inhalation injury remains poorly understood
and there have been few improvements in treatment. In-
halation injury continues to be one of the most serious as-
sociated injuries complicating the care of thermally injured
patients. Prevention or early diagnosis and treatment of as-
sociated life-threatening complications are necessary to de-
crease its associated morbidity and mortality: airway in-
jury is present in up to one-third of patients with major
burns, and the risk of concurrent pulmonary damage is di-
rectly related to the extent of the body surface area burned.1

Inhalation injury greatly increases the incidence of res-
piratory failure and acute respiratory distress syndrome. It is
also the cause of most early deaths in burn victims. The mor-
tality rate following smoke inhalation ranges from 45 to 78%.2

Shirani et al. estimated that the burn-related death rate
is 20% higher in patients with combined inhalation injury
and cutaneous burns than in those with cutaneous burns
alone.3

Smoke inhalation remains a serious and life-threaten-
ing problem. The heat generated during combustion can
cause significant thermal injury to the upper airways. Par-
ticulate matter produced during combustion (soot) can me-
chanically clog and irritate the airways, causing reflex bron-
choconstriction. The noxious asphyxiant gases released dur-
ing thermal decomposition include carbon monoxide and
hydrogen cyanide. Other by-products produced by the com-
bustion of furniture and cotton (aldehydes) or rubber and
plastics (chlorine gas, ammonia, hydrocarbons, various
acids, ketones) also cause injury.4

Aim of the work

The aim of our research was to study the incidence,
early diagnosis, complications, and management of in-
halation injury and to discuss the relationship between in-
halation injury and death in burn patients.
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Patients and methods

This study includes all burn patients with inhalation
injury admitted to Menoufiya Burn Unit, Plastic Surgery
Department and Chest Department from January 2008 to
January 2010. Each patient was subjected to the follow-
ing procedures:

1. History taking
The patient’s name, age, sex, and past history of ill-

ness, chronic diseases or congenital diseases were record-
ed. Age is a valuable factor in forming a prognosis, such
as in the case of very young or very old patients, in whom
the prognosis is poor. The patients’ sex is important as fe-
males are more exposed to burns. Chronic diseases such as
diabetes mellitus, ischaemic heart disease, or bronchial asth-
ma can increase the mortality rate if associated with burns. 

2. General examination
We measured vital signs at the time of admission (blood

pressure, pulse rate, temperature) - blood pressure and pulse
rate in order to know the degree of hypovolaemia and as
a base line for the progress of fluid intake (whether enough
or insufficient) and the level of consciousness to determine
the degree of hypoxaemia.

3. Evaluation and assessment of inhalation injury
We suspect smoke inhalation injury in anyone who

was trapped in a confined space or who lost conscious-
ness during a fire, especially in the presence of large quan-
tities of heavy smoke. Clinical manifestations vary among
victims, depending on their susceptibility to injury and de-
gree of exposure. Injury may be limited to the upper air-
ways (e.g. nasopharyngeal irritation, hoarseness, stridor,
cough) or may extend distally with tracheobronchial and
alveolar destruction (e.g. dyspnoea, chest discomfort,
haemoptysis). Inhalation injury is likely in the presence of
facial and upper cervical burns, singed eyebrows and nasal
vibrissae, bronchial breath sounds, wheezing, rales,
cyanosis, and carbonaceous sputum (Figs. 1, 2, 3, 4).

We assessed the extent of the burns and the degree of
hypoxaemia in patients presenting with inhalation injury. Pa-
tients at low risk of injury and with no clinical symptoms
can usually be observed for 4-12 h and then discharged, with
close follow-up and instructions to return if symptomatic.

a. Investigations
In all patients admitted to our Department with clini-

cally suspected inhalation injury, arterial blood gas analy-
sis was a fundamental diagnostic test that was performed
serially. Arterial hypoxaemia and reduced oxyhaemoglo-
bin saturation (SaO2) accompany smoke inhalation, and
the presence of hypoxaemia is therefore an indicator of in-
halation injury, until it is proved otherwise. Initial meas-

urement of PaO2 is thus an insensitive indicator. 
It was found that the onset of hypoxaemia could be

delayed as much as 48 h in spite of the absence of clini-
cal or X-ray findings of inhalation injury. 

b. Chest X-ray
We performed serial chest X-rays in patients with sus-

pected inhalation injury. Chest X-rays taken on the day of
injury were unreliable as a means of determining pulmonary
injury by smoke inhalation. However, we performed them
on admission because they serve as a baseline for subse-
quent radiographs.

The chest X-rays were used in the follow-up of pa-

Fig. 1 - Burned male patient with inhalation injury at moment of ad-
mission. Family used oil to deal with burn.

Fig. 2 - Child with suspected inhalation injury with eyes closed be-
cause of severe face and lip oedema.
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tients for the detection of atelectasis and more or less ex-
tensive peribronchial cuffing or oedema.

In our Department we performed X-rays for the de-
tection of complications of several therapeutic interven-
tions (e.g. endotracheal intubation, intravenous catheteri-
zation, and central venous line replacement).

c. Respiratory function tests
We used respiratory function tests as a bedside pro-

cedure for the early detection and quantitation of inhala-
tion injury. These tests demonstrate the presence of air-
way obstruction.

d. Fiberoptic bronchoscopy
Fiberoptic bronchoscopy provides direct information

about the entire respiratory system. In addition to its diag-
nostic functions, bronchoscopy has important therapeutic and
investigative applications and is used to determine the sever-
ity of inhalation injury. The following grading was used:

• Grade I: no laryngeal oedema
• Grade II: minimal laryngeal oedema and erythema
• Grade III: slight tracheal mucosal oedema and ery-

thema
• Grade IV: moderate  tracheal mucosal oedema and

erythema
• Grade V: severe tracheal oedema and erythema

4. First aid and early management
This started when burn patients with inhalation injury

came to our emergency room, where we performed first
aid as follows:

a. Airways: we ensured patent airways.
b. Breathing: we checked for upper airway compro-

mise, difficult breathing, stridor, and cough. We adminis-
tered 100% oxygen because of the possibility of carbon
monoxide inhalation in fires.

c. Circulation: patients were admitted to our burns unit
according to our admission policy. When a patient arrives
in the burns unit, there are two main problems. The first is
severe pain, which may lead to neurogenic shock, and the
second is fluid loss, which may lead to hypovolaemic shock.

The patient starts his journey of treatment from the
dressing-room, where the dressing-room doctors and nurse
start dressing him. We put the patient on a trolley in or-
der to place him in a water container for the removal of
dead skin and aspiration of bullae. We then paint the pa-
tient with Dermazine (silver sulphadiazine). During dress-
ing, a venous line (cannula) is inserted in the patient and
fluid therapy is started with 500 cc Ringer’s acetate; we
also give the patient an analgesic. The patient is then
weighed and the burn percentage is estimated for the pur-
poses of fluid therapy with the Evans formula: 2 cc × body
weight (kg) × burn percentage. If the burn more than 20%
in children or more than 25% in adults, a urine catheter is
inserted to record urine output, which must be 1 cc/kg body
weight/h for adequate perfusion and fluid resuscitation.

In major burns, i.e. over 50% total body surface area
(TBSA), we insert a central venous line (Swan-Ganz
catheter) for continuous measurement of central venous
pressure. We assess the patient for the presence of in-
halation injury; if the patient is suspected of having in-
halation injury a 100% oxygen mask is applied, followed
by nebulized heparin. 

5. Definitive treatment:
a. Fluid resuscitation 
Fluid resuscitation: our unit follows the Evans formu-

Fig. 3 - Deep burn in face. History of entrapment in closed space,
soot around mouth. Patient drowsy, face and lip oedema.

Fig. 4 - Very deep
burn in face, soot
around mouth.
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la (2 cc/kg/% burn lactated Ringer’s) and the patient is
given a maintenance dose as 5% glucose. All fluids should
be warm to avoid hypothermia.

b. Dressing
Dressing of the patient was performed twice daily by

the open method with micronized silver sulphadiazine in
a hydrophilic base (Dermazine) after hydrotherapy. 

c. Medical treatment 
Any patient with suspected inhalation injury received

humidified oxygen. We used high-oxygen flow rates and
a tight-sealed non-rebreathing-type face mask, which fa-
cilitated delivery of high levels of supplemental oxygen,
thus helping to reverse the oxygenation defect created by
ventilation-perfusion mismatch. The inhaled oxygen also
helped in the displacement of CO from haemoglobin, de-
creasing the half-life of carboxyhaemoglobin from 4-6 h
in room air to 40-60 min in 100% FiO2. It is recommended
that oxygen therapy should be continued until acidosis is
corrected, the carboxyhaemoglobin levels have fallen be-
low 15%, and the neurological symptoms have ceased,
which typically takes several hours.

We use the nebulized Farcolin bronchodilator because
it relaxes bronchial smooth muscle by action on β2 re-
ceptors, with little effect on cardiac muscle contractility.
We give the following dose: adults (nebulizer), dilute 0.5
ml (2.5 mg) 0.5% inhalation solution in 1-2.5 ml saline
every 6 h and according to the patient’s symptoms; pae-
diatric <5 yr (nebulizer): dilute 0.25-0.5 ml (1.25-2.5 mg)
0.5% inhalation solution in 1-2.5 ml saline every 6 h and
according to the patient’s symptoms.

We use bronchodilators with special care in cases of
hyperthyroidism, diabetes mellitus, and cardiovascular dis-
orders; the adverse effects include tachycardia, palpitations,
tremor, insomnia, nervousness, nausea, and headache.

We add heparin to the nebulizer, and this plays an im-
portant role in breaking the cast and debris formed as a
result of inhalation injury.

Corticosteroids like Decardon and Soliocortif are added
to the medications because of their important role as 
anti-inflammatory elements.

6. Surgical intervention
In the circumferentially burned chest we performed an

escharotomy to prevent restriction of chest expansion dur-
ing respiration. This was done by means of two lateral in-
cisions in the chest and a mid-line incision in the chest
wall and two parallel incisions.

Tracheostomy was performed in patients with severe
inhalation injury and airway obstruction in whom intuba-
tion was difficult.

results

This study considered 130 burn patients (61 male, 69

female with inhalation injury admitted to Menoufiya Uni-
versity Hospital Burn Center and Chest Department from
January 2008 to January 2010 (Tables I, II, III).

Discussion

Over the past 20 years, there has been remarkable im-
provement in the chances of survival of patients treated in
burn centres. A simple, accurate system for objectively es-
timating the probability of death would be useful in coun-
selling patients and making medical decisions. This re-
markable success can be attributed to a number of thera-
peutic developments, including vigorous fluid resuscita-
tion, the early excision of burn wounds, advances in criti-
cal care and nutrition, powerful topical and systemic an-
tibiotics, and the evolution of specialized, multidisciplinary
burn centres. It is over two decades since the first paper
on inhalation injury was published.5 In an article published
the following year it was reported that inhalation injury
was an important factory - and possibly the primary fac-
tor - responsible for mortality in thermally injured patients.6

Although that may still be true today, many new things
have been learned that have reduced the morbidity and
mortality of burn patients who have sustained a concomi-
tant inhalation injury.7 While some studies have reported
that little progress has been made in reducing mortality as-
sociated with inhalation injury,8 others have noted signif-
icant progress,7 with improved techniques for ventilating
patients,9 more aggressive fluid therapy, and better tech-
niques for trachea bronchial toilet. Better understanding of
the pathophysiology caused by cutaneous burns and smoke
to the lung will lead to even further advances in the treat-
ment of such lesions.10

The most commonly used predictors of mortality in
burns are age, burn size, and inhalation injury. In the past,
burns in over 80% TBSA that were mostly full-thickness
were often considered fatal, especially in children and the
elderly. In the past 15 years, advances in burn treatment
have increased the survival rates of patients treated in spe-
cialized burns centres, while the following are significant
predictors of increased mortality: larger burn size, the pres-
ence of inhalation injury, delayed intravenous access, low-
er admission haematocrit, lower base deficit on admission,
higher serum osmolarity on arrival in hospital, sepsis, ne-
cessity of inotropic support, platelet count < 20,000, and
ventilator dependency during the hospital course. It has
been found that the patients most likely to die are the very
young, those with limited donor sites, those who have in-
halation injury, those with delayed  resuscitation, and those
with burn-associated sepsis or multi-organ failure.11

We conducted a review of all 130 burned patients with
inhalation injury admitted from 2008 to 2010 to Menoufiya
Burn Center, General Surgery Department, in Menoufiya
University Hospital (Egypt).
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Our study found that the presence of inhalation injury,
increased burn size, and advanced age were all associated
with increased mortality (p < 0.01). The incidence of in-
halation injury in our study was 46.3% (130 patients out
of 281 were identified as having inhalation injury). Over-
all mortality in patients with inhalation injury was 41.5%
(54 out of 130) compared with 7.2% (11 out of 151) for
those without inhalation injury. These statistical data clear-
ly indicate that inhalation injury is an important factor in
burn patient mortality prediction.

A study performed in Tokyo, Japan, to evaluate the
impact of inhalation injury on burn patient mortality
showed that between 1984 and 2002, of the 5560 patients
admitted to 13 burn facilities of the Tokyo Burn Unit As-
sociation, 1690 patients (30.4%) had experienced inhala-
tion injury. The overall in-hospital mortality rate of pa-
tients with inhalation injury was higher than that of those
without inhalation injury (33.6% versus 8.1%), which is
close to the ratio of 2.3 found in our study. It was found
in the study that the results of the multivariate analysis in-
dicated that inhalation injury, full- and partial-thickness

burn size, and age were independent predictors of outcome
(relative risk, 2.58 [2.03-3.29], 1.10 [1.09-1.11], 1.06 [1.06-
1.07], 1.05 [1.05-1.06], respectively). The authors con-
cluded that inhalation injury was the most important pre-
dictor of overall mortality among burn patients in Tokyo.12

In a study conducted in Kansas University Medical
Center, Burnett Burn Center, Kansas City, Kansas, USA,
a retrospective review considered all patients aged yr 75
or older (n = 201) admitted to a university-based burn cen-
tre between 1972 and 2000. The variables examined were
age, sex, TBSA, the Abbreviated Burn Severity Index, in-
halation injury, time from burn to operative intervention,
the number of surgical procedures, the number of pre-
morbid conditions, and mortality. Mortality significantly
increased with inhalation injury (p < 0.01). As we also we
found in our study, the risk of fatality increased by 400%
with inhalation injury.13

In a study of 710 burn patients in a Spanish burns cen-
tre it was found that the mortality rate among burn pa-
tients with inhalation injury was 66%.14

A retrospective study analysing 5264 patients treated

Years Survived Deceased Total
X2 p2008-2009 No. % No. % No. %

Total With inhalation injury affection 76 65.5 54 83.1 130 46.3
Without inhalation injury affection 140 34.5 11 16.9 151 53.7 46.1 <0.001
Total 216 100 65 100 281 100

Table I - Mortality rate of patients with and without inhalation injury

Table I shows that inhalation injury played a significant role in predicting burn patient mortality.

Age (yr) Survived Deceased
χ2 p

No. % No. %
<10 11 15.3 3 5.6
10-20 18 25.0 12 22.2
20-30 20 26.3 16 29.6
30-40 16 21.05 6 11.1 14.1 <0.05
40-50 7 9.7 5 9.3
50-60 4 5.6 6 11.1
>60 0 0 6 11.1

Table II - Mortality of patients with inhalation injury in relation to age

Table II shows that all patients over 60 years of age with inhalation injury died. This confirms that the presence of more the one risk factor increases mortality.

Gases <45% >45% t-test p

pH 7.37 ± 0.06 7.3 ± 0.12 2.6 <0.05
PO2 96.7 ± 18.6 77.2 ± 22.5 4.3 <0.001
PCO2 31.5 ± 6.6 35.8 ± 9.1 2.4 <0.05
BD 4.8 ± 2.5 8.2 ± 3.3 5.9 <0.001

Table III - Blood gases of burn patients with inhalation injury in relation to burns percentage

Table III shows that blood gas had a significant relationship with burns.
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in the burns centre at Gulhane Military Medical Academy
in Turkey from 1 January 1986 to 31 December 1995 found
that 134 of them presented inhalation injury, of whom 82%
died.15 Our study found that 83.1% of burn patients with
inhalation injury died. Three risk factors for death were
identified: age over 60 years, more than 40% TBSA burned,
and inhalation injury. The mortality formula they devel-
oped predicts 0.3%, 3%, 33%, or approximately 90% mor-
tality, depending on whether zero, one, two, or three risk
factors are present. The results of the prospective test of
the formula were similar. A large increase in the propor-
tion of patients who chose not to be resuscitated compli-
cated comparisons of mortality over time.13

In another study the outcome of 1385 patients admit-
ted to a burns unit over a 20-yr period was evaluated in
relation to the presence of three major risk factors for
death: age 60 years or over, total burned surface area 40%
or more, and the presence of inhalation injury. Mortality
was respectively 9.9%, 48.0%, and 90.5%, and it was found
that nearly all the patients who died had at least one risk
factor present. In the presence of three risk factors the
prognosis following burns was particularly compromised.16

Our study found an overall burn patient mortality of
23.13% (65 out of 281).

In a study of all patients admitted to the Burns Unit
in Alexandria Main University Hospital, Egypt, over a 1-
year period (1999), the mortality rate was 33%.17

A retrospective analysis of 435 consecutive admissions
to a regional burns unit in Saudia Arabia, over an 8-year
period, found a case fatality rate 7.4%.18

The above-mentioned retrospective study analysing
5264 patients treated at Gulhane Military Medical Acade-
my found an overall in-patient mortality rate of 18.2%.15

An analysis of mortality rates and related factors in
Spanish burn centres, based on 710 patients treated between
1985 and 1988, found an overall mortality rate of 6.6%.14

The marked difference in mortality rate between this
centre and our own burns centre is due to the fact that the
average burn size was 14% TBSA in the Spanish centre.

Between 20 February 1987 and 13 July 1990, 844 pa-
tients were admitted to the Grady Memorial Hospital Burn
Unit. The mortality rate was 8.5%.19 Half of the burns cov-

ered less than 10% TBSA, which explains the low mor-
tality compared with that of our centre.

Any measure of outcome in a group of burn patients
is useless and misleading unless the severity of injury is
standardized. For many years, it was accepted that the ex-
tent of burn and the age of the patient were the two most
important determinants of mortality probability in burn pa-
tients. It is now recognized that smoke inhalation is an im-
portant risk factor that must be included in the computa-
tion of mortality probability.

Inhalation injury greatly increases the incidence of res-
piratory failure and acute respiratory distress syndrome. It
is also the cause of most early deaths in burn victims. The
mortality rate following smoke inhalation ranges from 45%
to 78%.2

conclusions

Approximately 80% of fire-related deaths are due not
to the burn injury to the airway but to inhalation of toxic
products, especially carbon monoxide and hydrogen cyanide
gases. Inhalation injury is generally caused by thermal burns,
mostly confined to the upper airways. Major airway, pul-
monary, and systemic complications occur with inhalation
injury, which increases the incidence burn patient mortality. 

Early detection and management of inhalation-related
injury are absolutely essential. We therefore make the fol-
lowing recommendations:

1. Administer 100% humidified oxygen by facemask
to burn patients with inhalation injury, once they
have been admitted.

2. Burn patients with inhalation injury require more
fluid than those with cutaneous burn alone; urine
output and central venous pressure should be mon-
itored to assess urine output.

3. Encourage central feeding as soon as possible.
4. Chest physiotherapy and postural drainage are es-

sential to clear airways of cellular debris and soot.
5. Encourage extubated patient with inhalation injury

to cough and breathe deeply; if intubated, use gen-
tle suction to remove mucous, debris, and sloughed
epithelium.

LES LÉSIoNS PAr INHALATIoN coMME FAcTEUr ProNoSTIQUE DE LA MorTALITÉ DES PATIENTS BrÛLÉS.
rÉSUMÉ. Les lésions causées par l’inhalation sont responsables d’un incrément élevé de la fréquence de l’insuffisance respira-
toire et du syndrome de détresse respiratoire aiguë. EIles sont également la cause de la plupart des décès précoces des patients brû-
lés. Le but de cette recherche est d’étudier la fréquence, le diagnostic précoce, les complications et la gestion des lésions par in-
halation et de discuter la relation entre ce type de lésion et la mortalité. L’étude a inclus 130 patients brûlés (61 hommes et 69
femmes) atteints de lésions par inhalation hospitalisés au Centre des Brulés et au Service Thoracique de l’Hôpital Universitaire
Menoufiya, Egypt, de janvier 2008 à janvier 2010. Les Auteurs ont constaté que la présence de lésions par inhalation, l’extension
élevée de la surface brulée et l’âge avancé constituent des facteurs qui sont tous associés à une mortalité augmentée (p < 0,01).
La fréquence globale des lésions par inhalation était de 46,3% (les 130 patients provenaient d’un nombre total de 281 victimes de
brûlures). Le taux global de mortalité chez les patients atteints de lésions par inhalation était de 41,5% (54/130) contre 7,2% (11/151)
chez les patients sans lésions par inhalation. Ces statistiques indiquent clairement que les lésions par inhalation ont constitué un
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facteur important pour prédire la mortalité chez les patients brûlés. Environ 80% des décès liés au feu sont dus non pas à la simple
brûlure des voies aériennes mais à l’inhalation des produits toxiques, et en particulier des gaz du monoxyde de carbone et d’aci-
de cyanhydrique. Les lésions par inhalation, provoquées dans la majorité des cas par les brûlures thermiques et normalement li-
mitées aux voies respiratoires supérieures, peuvent avoir des complications majeures aux voies aériennes, comme aussi après les
complications pulmonaires et systémiques, et elles provoquent un incrément de la mortalité des patients brûlés.

Mots-clés: lésions par inhalation, mortalité
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