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Abstract: Objective. Inhalation injury is respiratory tract
insult caused by direct thermal inju onoxide poisoning,
or toxic chemical inhalants, such gases, and mist. The
aim of this study is to revie’ experiences in a regional
burn unit in a developing cou hods. The University College
Hospital, Ibadan, Nigeri ve burn unit database was ret-
rospectively reviewed f 2001 to December 2013 and
analyzed using SPSS ersion 16 (SPSS Inc, Chicago, IL).
Results. There w ts in all, 63% (527) had cutaneous
burns on associated inhalation injury. There
was a in both groups. Those with cutaneous
burns o with associated inhalation injury had a male to
female 1 and 1.5:1, respectively. The mean ages were
2 ears (inhalation injury) and 21 years + 17 years

ous burn only) (P < 0.05). The mean total body surface area

he burn injuries was 55% (inhalation injury) and 25%

eous burn only) (P < 0.05). Burn injury occurred most fre-

y between 19.00 hours and 24.00 hours, and 56% of burn

es that occurred during this time were associated with inhala-

ion injury (P < 0.05). Major causes of burns were flames and scald-

ing (86.2%). Mortality was 71% in patients with inhalation and

26% in patients with cutaneous burns only (P < 0.05). Conclusion.

The association of inhalation injury with cutaneous burns portends

a grave condition. An upgrade of expertise and infrastructure in

the management of these patients is necessary in order to improve
outcomes.
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thermal injury, carbon monoxide poisoning, or toxic chemical inhal-

ants, such as fumes, gases, and mist. Inhalation injury usually occurs
with cutaneous burns, however it may be seen without a burn injury.
The presence of inhalation injury still remains a major cause of morbidity
and mortality in patients with major burns.1It is one of the 3 most sig-
nificant predictors of death after thermal injury, along with age and total
body surface area (TBSA).1This is with the general decrease in mortality

I nhalation injury is an acute respiratory tract insult caused by direct
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and morbidity in patients with burns as due to im-
proved management of shock and wound sepsis using
intensive fluid and nutritional support as well as early
wound cover by excision and grafting.2The outcomes
of the management of patients with major burns in a
less developed country tend to be different because of
the constraints in the implementation of appropriate
care for these patients. There is also a paucity of data
in developing countries to assist in appropriate plan-
ning for care of patients with burns, especially those
with major burns. The aim of this study is to review
the authors’ experiences in a regional burn unit in a
developing country and demonstrate the influence of
inhalation injury on the outcome of their patients with
major burns.

Methods

The prospective database records of burn patients
seen consecutively in the University College Hospital,
Ibadan, Nigeria from January 2001 to December 2013
was reviewed retrospectively. The data was then en-
tered into a proforma. The information obtained was
analyzed using SPSS version 16 software (SPSBHnc,
Chicago, IL). The retrospective study was done in |'e
with the Helsinki declaration both in the collation and
analysis of the data. The patients seen in the University
College Hospital presented mainly at the emergency
department, either pediatric or adult. R*usc” | tion and
initial reviews are done there before admission to the
burn unit if the burns occurndwithanll” hours of pre-
sentation, or to the general wa. N if the burns occurred
more than 24 hours before presentation. Patients with
suspected inhalation injury were either admitted to the

intensive care unit or the burn unit. The diagnosis of
inhalation injury was mainly clinical, employing a pa-
tient’s history of closed-space smoke exposure or loss
of consciousness, or physical findings of hoarseness, fa-
cial burns, carbonaceous sputum, and/or singed nasal
vibrissae. Other findings such as conjunctivitis, stridor,
dyspnea, disorientation, obtundation and coma are also
indicative of inhalation injury.Fiber optic bronchoscopy
was done occasionally to confirm the mag.osis because
of the inability of many patients to access the facilities
due to insufficient funds. Whenfibgr-optjcTOronchosco-
py was used, bronchial lavage was done and specimens
were taken for culture and sensitivity. The patients with
suspected inhalation injury were prophylactically intu-
bated and had humi Ii. 00" administered to
them to matn&in]jaO!|>"IP. Patients also had aerosol-
ized 3 ml of 20' N-a.~tylcysteine every 4 hours with a
bronchodilator such as racemic epinephrine alternated
with aei.olized 5,000 units of heparin in 3 ml of nor-
mal saline every 4 hours. In addition, these patients had
chfcst p% 0*% apy. Mechanical ventilation was done
forpa]ielts whose SaO2 < 10kpa.

Rsults

There were 840 patients, approximately 63% (527),
who had cutaneous burns only, while 37% (313) had as-
sociated inhalation injuries (Table 1). There was a male
preponderance in both groups, which was not statisti-
cally significant (P = 0.57). For those with cutaneous
burns only and those with associated inhalation injury,
the male to female ratio was 1.6:1 and 1.5:1, respec-
tively. The mean ages were 26 years + 18 years (inhala-
tion injury) and 21 years * 17 years (cutaneous burns

Table 1. Gendli distllbution of*atients with and without inhalation injury.

Male
Inhalation injury 186 (59.6%)
Cutaneous burns 324 (61.5%)

Total 510 (60.8%)

Female
127 (40.4%) 313 (37.3%)
203 (38.5%) 527 (62.7%)

330 (39.2%) 840 (100%)

Table 2. Comparison of age groups and inhalation injury/cutaneous burn.

Age groups
0-9 10-19 20-29 30-39 40-49 50-59 >60 Total
Inhalation injury 24.5% (77) 13.1% (41) 24.5% (77) 16.8% (52) 9.1% (28) 6.6% (21) 5.4% (17) 100% (313)
Cutaneous burns 36.4% (192) 11.4% (60) 19% (100) 17.1% (90) 7.9% (42) 4.5% (23) 3.8% (20) 100% (527)
Total 31.9% (268) 12% (100) 21.1% (177) 17% (143) 8.4% (70) 5.3% (45) 4.4% (37) 100% (840)
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only) (Table 2). The mean TBSA of the burn injuries was
55% (inhalation injury) and 25% (cutaneous burn only)
(P < 0.05). Burn injuries occurred most frequently be-
tween 19.00 hours and 24.00 hours of the day, 56%
of burn injuries during this time were associated with
inhalation injury (P < 0.05). The most common place of
occurrence was the home in both groups. Major causes
of burns in patients with inhalation injury were flames
(93.7%), contact (1.6%), and chemical (1.3%); major
causes for those with cutaneous burns alone were
flame (52.7%) and scald (28.3%). Mortality was 71% in
patients with inhalation and 26% in patients with cu-
taneous burns only (P < 0.05) (Tables 3, 4). The LA-50
for patients with inhalation injury was 53%, while the
LA-50 for patients with cutaneous burns was 64%.

Discussion

Inhalation injury is an acute respiratory tract insult
caused by steam or toxic inhalants such as fumes, gas-
es, and mists. Inhalation injury may occur independent
of cutaneous burn injuries although they usually oc-
cur concurrently. There have been significant impro .e-
ments in the management of patients with major~urns
of burn shock and wound sepsis using intensive n»d
and nutritional support. The aggressive policy of early
excision and grafting has also resulted in a significant
decrease in mortality.2Incidence of smoke inhalation
injury varies from 5%-30% of patients hlspitaliZed with
thermal injuries,3with an incide~"kof~i""~"ported
in Egypt.4

This picture of burn management, however, is not
the same in many developing countries because of
the limited resources  *he care of major burns. The

Table 3. Eti' injury.

Flaies Scald Contact
Inhalation injury r 3.7% (293) 0.9% (3) 1.6% (5)
Cutaneous burns 52.7% (278) 28.3% (149) 7.3% (38)
Total 68% (571) 18.2% (152) 5.1% (43)

Table 4. Total burn surface area and inhalation injury.
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presence of inhalation injury further compounds the
problems of the care of major burns. Inhalation injury
remains a major cause of morbidity and mortality of
patients with major burns.1 Reported mortality rate
among patients with inhalation injury was 41.5% com-
pared with 7.2% among patients without inhalation
injury.4In a study in the authors’ center that was pub-
lished in 2001, there was inhalation injury in 16% of
164 burn patients who were treated at he University
College Hospital in Ibadan, NIKeriamnd t * mortality
rate was 78%.5 In this 13-year™IView”ip40 burn pa-
tients managed in the same institution, 37% had inha-
lation injury and the mortality was 71%. This suggests
the incidence of inhalation injury has almost doubled,
while mortalit*"remllned largely the same. It also sug-
gests patients are presenting with more severe burn
injuries, in relation to inhalation injury, than in the
past. This review also shows 2 peaks in the number
of patients with inhalation injuries in 2003 and 2012.
These occurred in 2003 when a group of traders who
were illegally transporting petrol were involved in an
automobile accident and were trapped in the burning
Vahicle. The incident involved 28 people. The second
pf.k occurred in 2012 when some primary school pu-
pils were trapped in a school bus that caught on fire.
Nineteen children were involved (Figure 1). The LA-50
for patients with inhalation injury was 53%, while for
those with cutaneous burns only was 64%.

Mortality from smoke inhalation alone is low (0%-
11%), the combination of cutaneous burns and inhala-
tion injury is fatal in 30%-90% of patients (Figure 2). The
presence of inhalation injury increases burn mortality
by 20% and inhalation injury further predisposes the

% Total body surface area

Inhalation injury
Cutaneous burns

Total
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0-14%
2.9% (9)

29.1% (153)
19.2% (162)

15-29%
16.9% (53)
32% (169)

26.2% (222)

Chemical Electric Miscellaneous Total
1.3% (4) - 2.5% (8) 100% (313)
3.1% (16) 6.4% (34) 2.2% (12) 100% (527)
2.3% (20) 4.1% (34) 2.3% (20) 100% (840)
30-59% 60+% Total
44.8% (140) 35.5% (111) 313
35% (184) 3.9% (21) 527
38.7% (324) 15.9% (132) 840
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Figure 1. Comparison of patients with and without inhal
tion injury during the study period.

patient to pneumonia. Pneumonia independently
creases burn mortality by 40%, and the co mbination
of inhalation injury and pneumonia leadK | oa”™0%in-
crease in death.6The LA-50 figuresin this stua”are due
to a combination of factors, sucma]Uarg]~u|face area
burns, flame burns resultingBjnyflhaiiion injury, and
a lack of resources including m inadequate physical
building, appropriate personnel, treatment materials
for management of major burns, and a poorly funded
health care system.

The polic fo oat mts mwith inhalation injuries at
the authorj'centeriMoprophylactically intubate rath-
er than watc Nand w it. Diagnoses are made based on
clinical evident d.e to the high cost of confirmatory
investigations and availability of equipment for diagno-
sis and investigation. This may result in an over diagno-
sis of inhalation injuries, but the authors prefer to be
overly cautious in these cases than to wait for ill effects
to present themselves, at which point it may be too late
to properly treat the patient.

Indication for endotracheal intubation in burn pa-
tients with inhalation injuries fall into 3 broad catego-
ries7 which include altered mental status, imminent
threat of acute airway obstruction, and respiratory fail-
ure in spite of maximum noninvasive supportive thera-
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fe 2lrotal Body surface area and inhalation injury,
"a | body surface area

.Acute airway obstruction may result from proximal
airway edema which will result in a situation that may
quickly evolve to the requirement of a surgical airway
or an airway that is unsalvageable. Rather than waiting
until severe obstruction occurs, the most experienced
available manager of airways onsite should perform a
semi-urgent intubation.6 Benefits of endotracheal intu-
bation include protection of the airway against acute
airway obstruction, facilitation of airway toileting, and
oxygen delivery to reverse carbon monoxide and cya-
nide inhalation effects. Though the rate of pulmonary
injury is higher with intubation, this complication is
certainly preferable to death, which can follow sudden
acute airway obstruction.7 In this review, the patients
with inhalation injuries tended to have burns covering
a larger surface area, a mean of 55% compared to 25%
with cutaneous burns only. It was also significant that
flame burns were significantly more often the cause
of inhalation injury than other causes. Based on the
authors’ clinical experience, flame burns occur from
mishandling of petrochemicals such as refueling a lit
kerosene lantern or a lit kerosene stove, refueling a
generator without turning it off, and bringing an open
flame too close to stored petrochemicals. In this re-
view, inhalation injuries were also observed in rare
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cases of scald, with the cause of the injury usually
being facial scald from the steam of an automobile’s
radiator following a road traffic accident. There was
also documented evidence of inhalation in chemical
burns from assault in which chemicals were splashed
on the patient’s face. Contact burns occurred when pa-
tients fell face down on a hot object such as burning
coal. The highest cases of inhalation injury occurred at
night, following increased use of petrochemical ener-
gy sources after power outages and, therefore, patients
were asleep in an enclosed enivroment at the onset of
the fire.

The results of this study underscore the need for
early diagnosis of inhalation injuries and prevention or
treatment of associated life-threatening complications.
It is also important to recognize that the morbidity and
mortality associated with inhalation injuries can be re-
duced with a well-organized, protocol-driven approach
to the respiratory management of burn care.6

The authors’ experience in their treatment center
is, however, not the absence of a protocol for the re-
spiratory management of patients but the inability to
implement the protocol due to resource constraints.
These include patient-centered concerns such as finan-
cial constraints and social issues; hospital system inad-
equacies such as a lack of availability of iniruments
for respiratory management such as bronchoscopes,
monitors, and ventilators; and the cBnicairesenta-
tion of burn patients due to inadequate burn preven-
tive measures in Nigeria (Figure 3). The payment for
health services in the authors’clinical setting is largely
out-of-pocket, which is grossly inadequate bearing in
mind the huge expenses for appropriate management
of patients with burn injuries and the usual associ-
ated damages”™o”jopertY~nd life that may have oc-
curred during the incident. The earner of the family
may have been injurjl in the fire, or property damaged
that could have been sold to pay for the patient’s care.
The inadequacies in the hospital system, which can
be mostly blamed on budgetary contraints, manifest in
lack of respiratory equipment such as bronchoscopes,
monitors, and ventilators.When the equipment is avail-
able, it is not accessible because of a lack of funds (ie,
payment for equipment must be made prior to use, and
some patients cannot afford this) and a high demand
on limited resources. Most major burn centers regard
the fiber-optic bronchoscope as the current standard
for diagnosis of inhalation injury.8 Inhalation injuries
are a dynamic condition9and the more severe the inju-
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Figure Photo o urn

ry, the more frequently fiber-optic bronchoscopy may
be necessary.0In the authors’ experience, fiber-optic
bronchoscopy is rarely done because of the bureau-
cracy o f% e W the equipment from the hospital be-
hausPtof~ospital policy, and the inability of patients to
af >rdthe service.

There is also the challenge of keeping the burn
unit staff up-to-date with the management of patients
with inhalation injuries and major burns while there
is frequent turnover of staff. An essential component
of a burn center’s multidisciplinary approach is the
presence of an on-site, dedicated respiratory therapy
team.l0Frequent rotation of nursing staff and residents
to other sections of the hospital prevents the consis-
tent availability of such a team, as retraining has to be
constantly done to maintain a standard of care.

The clinical presentation of the patients as can be
observed from this review is, of patients with large sur-
face area burns and inhalation injuries, the inadequacy
of passive and active burn prevention measures in the
authors’ city is evident with the doubling in the ratio
of patients with inhalation injuries seen in the same
institution.

These patients with inhalation injuries tend to pres-
ent with large surface area burns. These burns tend to
occur in the night and are caused by the use of petro-
chemical products because there are incessant power
outages in Ibadan. The patient-centered concerns, hos-
pital system constraints, and the patients’ clinical pre-
sentations are major factors that have left the mortality
rate in patients with inhalation injuries very high and
largely unchanged.
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Conclusion

The association of inhalation injury with cutaneous
burns portends a grave condition. Developing coun-
tries face specific challenges to providing appropriate
care to patients with burn injuries, such as patient-
centered concerns, inefficient hospital service delivery,
and patients’ clinical presentations with severe injury
largely due to inadequate burn prevention measures
in the community. Addressing these challenges and
an upgrade of expertise and infrastructure in the care
management of these patients is necessary to improve
patient outcomes.
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