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Objective: 1) Assess variables that contribute to the severity of smoke 
inhalation injury.  

2) Develop an objective bronchoscopy assessment of smoke 
inhalation patients. 

3) Provide physician recommendations on assessing smoke 
inhalation injury. 

Abstract: Background:  Smoke inhalation injury in burn victims is strongly 
associated with increased morbidity and mortality rates. There were 
3,275 deaths due to fire and smoke inhalation in 2015 according to the 
National Fire Protection Association. Although not an uncommon 
condition, there is currently no standardized scoring system for smoke 
inhalation injuries. Bronchoscopy seems to be the most frequent means 
of establishing a diagnosis of smoke injury due to breathing heated 
smoke. However, the interpretation of the bronchoscopic results tends 
to be subjective and the ultimate means of diagnosis varies widely 
among hospitals and burn centers. Currently, bronchoscopy scoring is 
done internally and based on visual assessment whereby the interpreter 
gives a numerical score. Two individuals evaluating the same patient 
may give much different scores, which has been true within our own 
institution as well as on a larger scale. Overall, this subjectivity may be 
contributing to the lack of consistency in treatment algorithms in this 
patient population. Standardized assessment of the presence and 
severity of smoke inhalation is imperative to develop successful 
treatment algorithms. This study was undertaken to assess the 
diagnostic significance of particular physical exam findings, history, 
location, and adjunct studies characteristically performed on a patient 
thought to have suffered smoke inhalation by comparing these findings 
to patient outcomes. The primary goal of this study was to examine 
potential variables that could be used to create an accurate smoke 
inhalation injury scoring system. The main objective of this scoring 
system is to develop an objective standardized method used on patient 



admission that considers the severity of inhalation injury, with the 
ultimate goal of improving morbidity and mortality rates. 

Methods/Design:  We retrospectively reviewed patients that were 
admitted to the TJH Regional Burn Center in Lubbock, TX between 
January 1, 2004, and May 31, 2018, with smoke inhalation plus burn 
injury. The variables evaluated were demographics, clinical presentation 
(soot on clothes and/or skin, red oropharynx, singed facial hair, 
hoarseness or changes in voice, wheezing, and carbon sputum), 
carboxyhemoglobin level, intubation upon arrival, bronchoscopy, 
additional comorbidities, hospital course, and outcomes often 
associated with smoke inhalation. Bronchoscopy findings included the 
following: red mucosa, carbon particles at the carina, and a numerical 
score ranging from 1-4 given by the physician performing the procedure. 
The primary outcome was the total of resuscitation fluid the patient 
required over the course of the first 24 hours of treatment as compared 
to the predicted amount given by the modified Brooke formula 
(2cc*patient weight in kg* Total Burn Surface Area). A patient was 
considered positive for smoke inhalation injury in our study if 
resuscitation fluid received within the first 24 hours exceeded that 
predicted by the modified Brooke Formula. Differences between the 
predictors and outcome variables were determined using a Wilcoxon 
rank sum test for continuous variables and Chi-squared test for 
categorical. All significance levels were set at 0.05. 

Results:  A positive bronchoscopy score was defined in our study based 
on the condition that the patient had either a positive physical exam 
finding and/or was assigned a bronchoscopy score ranging from 1-4 by 
the physician performing the procedure. Physical exam findings 
consisted of soot or carbon sputum present on the patient along with 
hoarseness, wheezing, or a red oropharynx on physical exam. If the 
patient met at least one of the above conditions, we considered this as a 
positive result. A total of 150 patients were admitted with the diagnosis 
of smoke inhalation injury and were included in the study, of which 77 fit 
our inclusion criteria and underwent analysis. Our inclusion criteria 
consisted of: age 18-89, admission to UMC between Jan 1st, 2004 and 
May 31st, 2018, and a diagnosis of smoke inhalation injury and burn 
injury. There was no significant difference between those who fit our 
condition of a positive smoke inhalation injury and those with no injury 
in regard to total burn surface area (TBSA; p =0.13, Table 1), blood 
carboxyhemoglobin level (p=0.54, Table 1), enclosed space (p=0.53, 
Table 1), or a positive physical exam (p=0.06, Table 1). There was a 
significant difference in positive bronchoscopy between those who were 
positive for our condition of smoke inhalation injury and no injury 
(p<0.001; Table 1). In fact, the patients who fit our condition of a 



positive bronchoscopy score were 9 times more likely (OR=9.91, 95% CI 
= 2.8-35.01) to be diagnosed with smoke inhalation injury (i.e. received 
excess resuscitation fluids) as compared to those who did not receive a 
positive bronchoscopy score.  

Table 1. Sample characteristics between patients who were determined 
to have a positive smoke inhalation injury based on the condition of 
receiving excess resuscitation fluid and those who did not receive excess 
fluids. Data was summarized using a median (interquartile range) for 
continuous variables and frequency (percentage) for categorical data. 

Conclusions:  These results display the strong importance of receiving a 
bronchoscopy score when a patient is suspected of sustaining a smoke 
inhalation injury. Due to the 9-fold benefit of performing a 
bronchoscopy, it should be the primary tool used when assessing a 
potential smoke inhalation injury and other tests may be secondary in 
nature. Furthermore, our results reinforce the significant need for an 
objective and standardized bronchoscopy assessment among different 
hospitals and locations. Future studies can build upon these results by 
creating an objective inhalation injury scoring system that can help guide 
providers performing a bronchoscopy. We believe that this will positively 
contribute to the assessment and treatment of this patient population 
and hopefully reduce the high mortality and morbidity rates among burn 
patients. 

 

 

Differences Between Patients with a Diagnosis of Smoke Inhalation Injury based on Excess 
Resuscitation Fluids 

 No Yes p-value 
TBSA 28 (13.5 – 40) 15 (3-36) 0.13 
Carboxyhemoglobin 
level 1.4 (0.3 -2) 1.4 (0.45-3.10) 0.54 

Enclosed space 13 (81.25) 43 (70.49) 0.53 
Positive physical exam 7 (43.75) 42 (68.85) 0.06 
Bronchoscopy 7 (43.75) 54 (88.52) <0.001 

 


