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ABSTRACT
Objective: To study the management and mortality in patients with blast lung injury at a tertiary care military hospital.
Study Design: Prospective, observational study.
Place and Duration of Study: Intensive Care Unit, Combined Military Hospital, Peshawar, from Jan 2013 to Dec 2014.
Methodology: After approval from Hospital Ethics Committee, 38 patients diagnosed with blast lung injury who were
admitted to intensive care unit were included in our study.
Results: The mean age was 29.68 ± 4.3 years and all the patients were male. The incidence of blast lung injury in trauma
patients was 38 (10.2%). Most of the patients 18 (47.4%) had severe ARDS due to blast wave and most of the patients 28
(73.6%) required mechanical ventilation with lung protective strategy. The mortality in patients diagnosed with blast lung
injury was 2 (5.2%).
Conclusion: Blast lung injury is a common complication in survivors of bomb blast. As military doctors who treat both armed
forces as well civilian casualties from blast injuries; the physician treating blast injury should be conscious of risk of patient
developing blast lung injury; so that early recognition and prompt management with lung protective strategy can prevent
increased morbidity and mortality.
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INTRODUCTION
Pakistan is fighting a war against terror for the
last 20 years. The global mortality has been reported
to be 34,676 deaths due to terrorism alone, accounting
for 0.06% of deaths internationally for the year 2016
alone1. There have been 607 reported terrorism incidents in Pakistan since 2001. The estimated deaths
from various terrorist activities is more than 16000;
with more than 5000 shahadat of military personnel2.
The military forces as well civilians have been targeted
in terrorist bomb blasts. In addition, military forces
are exposed to improvised explosive devices (IED) and
firearm injuries. The explosive force from a blast can
cause life threatening injuries causing multisystem involvement resulting in immediate or delayed mortality
as well as increased morbidity. Most of the immediate
mortality results from head injury, chest or lower limb
trauma3. Blast injuries can be classified into four major
groups. The primary injuries are due to the effect of the
transmitted overpressure blast wave on gas containing
organs; secondary injuries are due to impact of airborne debris; tertiary injury is due to transposition of the
victims body because of blast wind or structure collapse; and quarternary injury encompasses injuries
caused by the explosion4.
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Primary blast lung injury (BLI) can be defined as
clinical and radiological evidence of ARDS that occurs
within 12 hours of exposure to explosive blast and
cannot be explained by secondary or tertiary injury5.
BLI can occur independent of external trauma, chest
injury and other associated injuries. It is unique to high
explosive blast with effect of organs due to the overpressurization wave. The incidence of BLI has been
reported to be three to four times higher in victims
who are vehicle mounted or indoor as compared to
outdoor blast6,7. A study by Pearce et al reported a higher incidence of blast lung injury in non-survivors of
blast, 10 (3.4%) vs 13 (10.1%); p-value=0.006, Odds ratio
1.58 (0.47-5.29)8. The modern body armor provides
some protection against fragments and firearm injuries
but little protection against primary blast injury9.
However, the external ordinance disposal (EOD) suit
can protect against the overpressure of the blast10. The
patient with BLI may present with dyspnea, cyanosis,
hemoptysis, hypoxemia or respiratory distress. Early
diagnosis and prompt management may help prevent
morbidity and mortality.
Our institutes received casualties from South and
North Waziristan operational area as well as terrorist
activities in civilian areas. It has a level III intensive
care unit run under the supervision of a specialist intensivist. In the setting of major blast injury, the diagnosis of BLI may be over-looked resulting in delay in
initiation of management. This can result in adverse
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patient outcomes including increased mortality. The
purpose of our study was to ascertain the frequency of
BLI and its severity, the mode of ventilatory support
used for its treatment and the all-cause mortality in
patient diagnosed with BLI.
METHODOLOGY
After the approval of the hospital ethics committee; this prospective, observational study was conducted at Intensive Care unit, Combined Military Hospital, Peshawar, from January 2013 to December 2014. A
total of 616 patients admitted to our ICU in our prospective, observational study. Patients diagnosed with
BLI were included in our study by non-probability,
convenience sampling. Patients with pre-existing infection or sepsis, suspected transfusion related acute ling
injury (TRALI) and non-blast explosion polytrauma
induced ARDS were excluded from our study. Data
was collected on a pre-designed porforma. No changes
in the critical care management or investigations were
made for our study. Our primary outcome was to
ascertain the frequency of BLI and all cause in-hospital
patient mortality. Our secondary outcome was to determine the severity of BLI, requirement of NIV, mechanical ventilation or oxygen supplementation and the
association of mortality with severity of BLI.
The diagnosis of BLI was made on the basis of
presence of signs and symptoms of ARDS after suffering blast injury. The partial pressure of oxygen in
blood to inspired fraction of oxygen in air (PaO2/FiO2)
ratio was assessed to label the severity of BLI. The
severity was labelled on the basis of PaO2/FiO2 ratio
as mild (200-300), moderate (100-200) or severe (<100).
The patients were treated either with oxygen supplementation (mild BLI), non-invasive ventilation (moderate BLI) or mechanical ventilation with lung protec-

rity of BLI and requirement of oxygen were presented
as frequency and percentage. Effect modifiers like age,
severity of BLI and mode of ventilation were stratified. Post stratification chi square (Fischer’s exact test)
were applied and p-value ≤0.05 was taken as significant.
RESULTS
A total of 616 surgical patients were admi-tted to
our Intensive care unit. 369 (59.9%) were trauma
related. Out of these, 38 (10.2% of trauma cases)
patients were diagnosed with blast lung injury. All the
patients were male with a mean age was 29.6 ± 4.38
years. The frequency of level of severity of BLI and
measures required for management are tabulated as
table-I.
We had in hospital death of two patients (5.2%)
Table-I: Severity of blast lung injury and the
management (n=38).
Variable
n (%)
PaO2 / FiO2
Mild
10 (26.3)
Moderate
10 (26.3)
Severe
18 (47.4)
Ventilation management
Oxygen supplementation
6 (15.9)
Non-Invasive Ventilation
4 (10.5)
Mechanical ventilation
28 (73.6)
Mortality
2 (5.2)
with blast lung injury. The two deaths were in patients
with severe BLI; who were placed on mechanical ventilation and were aged 31 and 34 years. However, there
was no statistical difference inmortality in terms of
age, severity of BLI or mode of ventilation (p-value
>0.05 in all groups); as tabulated as table-II.

Table-II: Effect of age, severity of BLI and Mode of ventilation on mortality.
Mortality
p-value
Variable
Yes
No
< 30
24 (66.7%)
Age (years)
0.0.57
>30
2 (100%)
12 (33.3%)
Mild to moderate
20 (55.6%)
Severity
0.126
Severe
2 (100%)
16 (44.4%)
Non-invasive ventilation
10 (27.8%)
Mode of
1.00
Ventilation
Mechanical ventilation
2 (100%)
26 (72.2%)

OR
1.16 (CI 0.94-1.44)
1.12 (CI 0.95– 1.32)
0.92 (CI 0.83-1.02)

tive strategy (for moderate or severe BLI).

DISCUSSION

Data was analyzed using SPSS version 20. Quantitative variables like age was presented as mean and
standard deviation. T-test used to compare quantitative variable. Qualitative variables like mortality, seve-

Blast wave has been shown to have immediate as
well as delayed effects on the lung. The immediate
effects are: apnea (which can last from few seconds to
about a minute) as well as rapid and shallow brea-
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thing11,12. BLI is postulated to be due to shearing, spalling, rupture of structures and microscopic damage to
tissues as the energy in transferred at interface between tissue with different densities13. It can cause alveolar rupture leading to intrapulmonary bleeding which
in turn leads to formation of free radicals. This intrapulmonary bleed also results in leukocytic accumulation and endothelial damage and edema that are characteristic pathogenesis of ARDS14,15. The V/Q mismatch and reduced surface area for gaseous exchange results in hypoxemia. The shearing blast wave can also
result in pneumothorax, hemothorax, pulmonary contusions, pneumomediastinum, and subcutaneous emphysema. Blast injury can also present as bronchoalveolar or alveolo-venous fistulae. The air embolism
from alveolo-venous fistulae may cause immediate or
early mortality9. The clinical signs and symptoms include dyspnea, hemoptysis, cough, chest pain, hypoxemia, cyanosis, wheeze, rhonchi, crepitation and respiratory distress. BLI should be suspected in patients
with a triad of dyspnea, bradycardia and hypotension
with wheezing or hemoptysis following an explosion.
Chest radiographs are the most common radiological
tool used for diagnosis followed by computed tomography. Mackenzie et al reported diffuse loss of translucency in majority (89.6%) of the patients. They also
reported an incidence of 13.1% (14 out of 107) of blast
lung injury in the patient admitted to level 4 hospital
in the UK. They had a mortality of 3.7%16. These finding correlate to our results. All of our diagnosis of BLI
were based on chest radiographic findings. However,
we didn’t study the incidence of clinical presentation
or the CT-scan as part of diagnostic tool. High resolution computed tomography (HRCT) chest was used
to confirm diagnosis in equivocal cases only. Pizoret
reported 15 cases of BLI in two explosions inside a bus.
They reported a mortality of 33.3% in patients with
BLI. This increased mortality may be due to blast
injury in an enclosed space. In addition, they used
PaO2/FiO2 ratio of 60 as cut off for severe BLI, 60-200
for moderate BLI and >200 for mild BLI 17. An incidence
of BLI from 7-11% has been reported in survivors
of explosive blasts18,19. Studies have shown 70-100%
survival of the critically injured patients with blast
lung injury without any long term pulmonary morbidity20,21.
We didn’t report any statistically significant association of mortality from BLI with age, severity of BLI
or mode of ventilation. These results do not correlate
with Pizor et al who reported 75% mortality in patients
with severe BLI (3 out of 4 cases); 100% survival in

moderate BLI and one mortality from traumatic brain
injury with mild BLI17.
This study had certain limitations. Firstly, we did
not study the associated injuries in the presence of
BLI. Therefore, we can’t exclude associated injuries as
the cause of death. Secondly, we didn’t study the long
term mortality or morbidity of BLI and we cannot
comment upon long term outcome after the blast lung
injury.
RECOMMENDATION
Blast lung injury should be suspected in patient
with respiratory distress in the setting of blast injury.
Early recognition with prompt initiation of treatment
and referral to a tertiary care hospital with facility of
respiratory resuscitation and therapy can help improve
patient outcome.
CONCLUSION
BLI was common in patients with history of survival from bomb blasts. We did not find any correlation of mortality to age, severity of BLI or mode of
ventilation. As military doctors who treat both armed
forces as well civilian casualties from blast injuries; the
physician treating blast injury should be conscious
of risk of patient developing blast lung injury; so that
early recognition and prompt management with lung
protective strategy can prevent increased morbidity
and mortality.
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