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IINNTTRROODDUUCCTTIIOONN  

Inhalation injuries contribute significantly to the 

morbidity and mortality of both burned children and adults 

(Palmieri, 2009). 

As the lungs are believed to be the first organ to undergo 

failure in dying burn patients (Carr et al., 2009), it is not 

surprising that this have been extensively investigated, not only 

in animal models but also in clinical studies. Despite the 

determinants of inhalation injury the most important 

pathophysiology of this increased mortality has not been well 

explained. Many possible mechanisms have been discussed in 

the literature (Yen et al., 2000).  

It was thought that inhalation of burn products, as well as 

respiratory tract thermal injury can impair surfactant 

production. This can lead to a pro-inflammatory cytokine 

cascade, resulting in altered integrity of the capillary membrane 

and activation of oxygen radicals and cytokines. Moreover, 

inhalation of smoke can release thromboxane, a vasoconstrictor, 

which can increase pulmonary artery pressure (Reper et al., 

2002). 

Inhalation injury is diagnosed according to the following 

three aspects. The first is the history (i.e., burn in a closed 

space). The second is clinical finding (i.e., burn of the face, 

carbonaceous sputum and others). The last one is laboratory 
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and imaging results (including arterial blood gas analysis, 

chest X-ray or computed tomography (CT) and bronchoscopic 

examination) (Yang, 1995). 

Bronchoscopy is the standard criterion for diagnosis of 

smoke inhalation injury. This procedure examines the airways 

from the oropharynx to the lobar bronchi. Erythema, charring, 

deposition of soot, edema, and/or mucosal ulceration may be 

present. Impending airway obstruction may be inferred, and 

intubation may be facilitated by this technique. Diagnostic 

accuracy is reported to be 86%. Studies have shown up to a 

96% correlation between bronchoscopic findings and the triad 

of closed-space smoke exposure, carboxy hemoglobin (HbC) 

levels of 10% or greater and carbonaceous sputum (Koljonen 

et al., 2007)
 
. 

After inhalation injury, there is a marked increase in 

bronchial blood flow, which results in pulmonary edema. In a 

bovine smoke inhalation model, airway blood flow increases 

eight fold or more in the main stem bronchi after the injury, 

whereas cardiac output, and thus blood flow to the peripheral 

tissues, remains relatively unchanged (Abdi et al., 1991). 

Bronchial blood flow enters into the pulmonary vasculature 

through various bronchopulmonary anastomoses. It has been 

suggested that the bronchial circulation plays a significant role 

in the spread of injury from the airway to the parenchyma. 

Investigation of the effect of bronchial artery ligation or ethanol 

injection after inhalation injury in sheep demonstrated a 
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decrease in gas exchange [PaO2/FiO2 (P/F) ratio], an increase in 

lung lymph flow, and the lung wet/dry weight ratio were all 

improved by these bronchial artery occlusion techniques 

(Sakurai et al., 1998). Therefore, the conclusion that the 

bronchial circulation contributes to edema formation in the lung 

that occurs after acute lung injury caused by smoke inhalation 

injury (Efimova et al., 2000). 

Scheulen and Munster in 1982 found a 37 percent 

increase in fluid requirements when inhalation injury was 

present; Paul et al., in 1982 found that fluid requirement in 

patients with inhalation injury was 5.76 ml/kg per percentage of 

total body surface area burned (TBSA) (about 44percent 

increase above the usual formula), whereas patients without 

pulmonary damage required fluid volumes almost exactly equal 

to the guidelines of the Parkland formula (4 ml Ringer’s lactate 

solution per kilogram of body weight per percentage of TBSA 

burned), however, no one has proposed a specific modification 

of resuscitation formulas to accommodate the presence of 

inhalation injury.  

Although bronchoscopic score reflect the severity of 

underlying inhalation injury, we could not find any study that 

determine the amount of increased fluid resuscitation in burned 

patient with inhalation injury and correlate it with the 

bronchoscopic findings. 
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AAIIMM  OOFF  TTHHEE  WWOORRKK  

The aim of this study is to correlate bronchoscopic score 

with fluid requirements in burn patients with inhalation injury 

in order to decrease risk of pulmonary edema due to excess 

fluid intake. 
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((11))  

PPAATTHHOOPPHHYYSSIIOOLLOOGGYY  OOFF  TTHHEERRMMAALL  IINNJJUURRYY  

The local and systemic inflammatory response to thermal 

injury is extremely complex, resulting in both local burn tissue 

damage and deleterious systemic effects on all other organ 

system distant from the burn area itself (table 1). Although the 

inflammation is initiated almost immediately after the burn 

injury, the systemic response progresses with time, usually 

peaking 5 to 7 days after the burn injury. Much of the local and 

certainly the majority of the distant changes are caused by 

inflammatory mediators (Baris et al., 2004).  

Table (1): Systemic response to thermal injury (Baris et al., 

2004) 

 



Review of Literature 

 - 6 - 

Thermal injury initiates systemic inflammatory reactions 

producing burn toxins and oxygen radicals and finally leads to 

peroxidation. The relationship between the amount of products 

of oxidative metabolism and natural scavengers of free radicals 

determines the outcome of local and distant tissue damage and 

further organ failure in burn injuries (Cetinkale et al., 1997). 

The injured tissue initiates an inflammation-induced 

hyperdynamic, hypermetabolic state that can lead to severe 

progressive distant organs failure (Baris et al., 2004). 

Immune Response 

Severe thermal injury induces an immunosuppressed 

state that predisposes patients to subsequent sepsis and multiple 

organ failure, which are the major causes of morbidity and 

mortality in burn patients (Baue et al., 1998). A growing body 

of evidence suggests that the activation of a pro-inflammatory 

cascade after burn injury is responsible for the development of 

immune dysfunction, susceptibility to sepsis, and multiple 

organ failure (Meakins, 1990). Moreover, thermal injury 

increases the macrophage activity, thereby increasing the 

productive capacity for the pro-inflammatory mediators 

(MacMicking et al., 1997). There have been several reports 

indicating that circulating levels of IL-1β, IL-6 and TNF-α are 

increased in patients with burn injury (figure 1) (Yamada et 

al., 2000).  
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The immunological response to thermal injury is a 

depression in both the first and second lines of defense. The 

epidermis of the skin becomes damaged, allowing microbial 

invasion; while the coagulated skin and exudates of the patient 

create an ideal environment for microbial growth (Moran and 

Munster, 1987). A local burn trauma leads to neutrophil 

infiltration in the wound site, as well as in the remote organs, 

the liver and intestines (Jahovic et al., 2004). 


