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Abstract

This prospective study aimed to address changes in inflammatory response between different aged 

populations of patients who sustained burn and inhalation injury. Plasma and bronchoalveolar 

lavage (BAL) samples were collected from 104 patients within 15 hours of their estimated time of 

burn injury. Clinical variables, laboratory parameters, and immune mediator profiles were 

examined in association with clinical outcomes. Older patients were at higher odds for death after 

burn injury (odds ratio (OR) = 7.37 per 10 years, p=0.004). In plasma collected within 15 hours 

after burn injury, significant increases in the concentrations of interleukin 1 receptor antagonist 

(IL-1RA), interleukin 2 (IL-2), interleukin 4 (IL-4), interleukin 6 (IL-6), granulocyte colony-

stimulating factor (G-CSF), interferon-gamma-induced protein 10 (IP-10) and monocyte 

chemoattractant protein 1 (MCP-1) (p<0.05 for all) were observed in the ≥65 group. In the BAL 

fluid, MCP-1 was increased three-fold in the ≥65 group. This study suggests that changes in 

certain immune mediators were present in the older cohort, in association with in-hospital 

mortality.
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1. Introduction

According to the National Burn Repository, there are over 40,000 burn admissions every 

year. In an epidemiological study using this repository’s data, it was determined that 14% of 

these patients are over the age of 65 years (1). Burn injury in the elderly carries increased 

risk of death and morbidity (2–10). The relationship between advanced age and poorer 

outcomes in burn injury is characterized in the Baux Score, used commonly to predict 

mortality risk among burn patients. The Baux score may be tabulated by adding the age of 

the patient and the percentage of total body surface area (%TBSA) affected by the burn (11), 

indicating the relatively linear relationship between aging and worsened survival in this 

setting. The reason why prognosis is so poor in elderly burn patients has proven to be 

elusive, despite associated morbidity and mortality. Of the organ systems at risk for failure 

after burn and inhalation injury, the lungs are particularly vulnerable and are usually one of 

the first organs to fail, a phenomenon increased by inhalation injury (12). The presence of 

inhalational injury adds an additional 17 points to the Baux equation, and is known as the 

Revised Baux Score, illustrating the relative importance of not just aging but inhalational 

injury as contributors to mortality in the setting of burn injury.

Previously, we have evaluated the inflammatory response to burn and inhalation injury, both 

systemically and in lung, via measurements in plasma and bronchoalveolar lavage (BAL) 

fluid (2, 13, 14). We observed significant differences in concentrations of both pro- and anti-

inflammatory immune mediators that varied with severity of inhalation injury and mortality. 

To the author’s knowledge, there is no report in the literature that specifically addresses 

differences in the immune response between various age groups in burn patients.

Advanced chronological age is associated with increased mortality, but reasons for these 

observations are still incompletely understood (2, 3, 5–7). We hypothesized older patients 

with burn and inhalation injury would exhibit alterations in their systemic and pulmonary 

inflammatory responses in comparison to younger patients, in association with worse 

clinical outcomes and increased mortality.

2. Materials and Methods

2.1 Patient selection and sample collection

From January 2007 to April 2015, blood samples were collected from 104 patients admitted 

to the burn intensive care unit at Loyola University Medical Center within 15 hours of burn 

injury.

Patients were excluded from the study for the following reasons: age less than 18 years, 

malignancy, immunosuppressive medication, or known autoimmune disease. Diagnostic 

Bronchoscopy and BAL were performed by a standardized protocol upon admission to the 

burn intensive care unit in patients where inhalation injury was suspected by history and/or 
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physical findings (15). BAL fluid that was not required for routine clinical analysis was 

obtained for use in research. All BAL samples were collected before aerosolized pulmonary 

medications (e.g. heparin) were administered. The bronchoscope was directed into a 

subsegment of the right middle lobe and wedged; the first 50 mL aliquot of saline was 

instilled, and the aspirate discarded. Subsequent 50 mL aliquots were instilled into the same 

subsegment, and immediately aspirated with gentle hand aspiration into sterile syringes. 

These were immediately transferred into sterile 50 mL conical tubes, placed on ice, and 

transported to the laboratory for additional processing. An average of 8.3 mL (standard 

deviation of 5.4 mL) of BAL fluid was collected for research. Blood samples were collected 

at the same time as bronchoscopy. Samples were collected an average of 7.6 hours (standard 

deviation of 3.6 hours) after injury. This study and associated consent documents were 

approved by Institutional Review Board.

2.2 Variables

Clinical variables were collected including age, sex, race/ethnicity, % total body surface area 

(%TBSA) burn, grade of inhalation injury, mechanism of injury, Baux score (Age+

%TBSA), Revised Baux Score (Age+%TBSA+17), admission sepsis-related organ failure 

assessment (SOFA) score, lowest partial pressure of oxygen in arterial blood to fraction of 

inspired oxygen (P:F) ration in the first 48 hours, admission % carboxyhemoglobin in the 

blood, initial 24 and 72 hour fluid requirements (11, 16). The degree of inhalation injury was 

determined using a standardized bronchoscopic scoring system based on Abbreviated Injury 

Score criteria (grade 0–4, no visible injury, mild, moderate, severe and massive injury) (3, 

17). Transfusion of blood products was not included in the analysis because a median of 0 

units (IQR 0–5) of any blood product was transfused in our cohort. Outcomes including 

development of the acute respiratory distress syndrome (ARDS, defined by Berlin criteria 

(18)), sepsis (defined as an increase in SOFA score of 2 points or more representing life-

threatening organ dysfunction (19)) as well as 28-day ventilator-free days, 28-day ICU-free 

days and in-hospital mortality were also collected (11, 16).

2.3 Sample processing and cytokine studies

Wash buffer of phosphate buffered saline (PBS) with a carrier protein of 5% fetal bovine 

serum and 1% Pen-Strep-Glutamine was added to the BAL sample at a volume of 50% of 

the recovered sample as previously described (14). This was gently mixed then strained 

through sterile 100 micron nylon cell strainers (BD Biosciences, Bedford, MA) to remove 

soot and mucus. To separate the cellular component from the fluid, the strained BAL sample 

was centrifuged at 1200 RPM for 5 minutes. The supernatant was then aliquoted and frozen 

at -80 degrees Celsius. Blood samples were collected in sodium citrate vacutainers then 

centrifuged at 600xG for 10 minutes to separate the plasma for aliquoting and storage at -80 

degrees Celsius.

Cytokine concentrations in BAL fluid and plasma were measured by Bio-Rad Multiplex 

Assays (Hercules, CA) according to manufacturer protocol (20). All samples were assayed 

in duplicate and the results analyzed using the Bio-Plex manager software, version 6.1. Total 

protein content in BAL fluid was measured as previously published by Lowry et al. (21). 
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The total protein in BAL was utilized to standardize cytokine values measured given the 

variability in yield of the BAL procedure.

2.4 Statistical Analysis

Patient demographics, outcomes, and analyte concentrations were assessed for normality and 

parametric or nonparametric tests applied where appropriate. Specifically, parametric data 

were analyzed by the Student’s t-test or one-way analysis of variance (with Bonferroni’s 

post-test) and non-parametric data were analyzed by the Mann Whitney test or Kruskal-

Wallis test (with Dunn’s post-test). Normally distributed continuous variables of parametric 

tests are reported as mean with standard deviation, and non-parametric data are reported as 

median with 25th and 75th percentiles. Otherwise dichotomous variables were compared 

with Chi-squared and Fisher’s exact tests, and are reported as a number and percent. Logistic 

regression was performed, where indicated, to adjust for the effects of relevant confounders.

Outliers were defined as values three standard deviations from the mean. Samples from 

patients who demonstrated three or more analytes as outliers were examined in sensitivity 

analyses and are shown in Supplemental Tables 1 and 2. Age groups were defined <50 years, 

50–64 years, and ≥65 years. The ≥65 years cohort was chosen due to its relationship with 

Medicare eligibility as well as the World Health Organization (WHO) and National 

Institutes of Health (NIH) definition of “elderly”. The two younger cohorts were chosen in 

order to make the groups more similar in size. When comparing levels of immune mediators 

in plasma and BAL between the three different age groups, multivariable linear regression 

adjusting for age group, sex, race, %TBSA and inhalation injury grade was used. Adjusted 

p-values are for the age group ≥65 years compared to the referent group <50 years.

The performance of each trauma index in predicting ARDS development was evaluated in 

logistic regression using the area under the receiver operating characteristic curve (AUC 

ROC). The nonparametric approach of DeLong et al. was used to compare the ROC curves 

against the reference trauma index with the best area under the ROC (22). Statistical 

analyses were calculated with SAS Version 9.1 (SAS Institute Inc., Cary, NC) and 

corresponding graphs created with GraphPad Prism 5 for Windows (GraphPad Software, La 

Jolla, CA). A difference between observed variables was considered significant for p<0.05.

3. Results

3.1 Clinical characteristics and comparisons

There were 104 samples available for analysis and 64.4% were male and 61.5% were white. 

As expected, flame burn was the predominant mechanism of injury, comprising 94.2% 

(n=98) of the cohort. After fiberoptic bronchoscopy, it was determined that 87 patients 

(83.7%) had visible inhalation injury (grade 1–4). The median %TBSA was 12.8% 

(interquartile range 1.0–30.0%). Approximately half of the cohort was under 50 years old, 

25% were aged 50–64 years and 22% were 65 years or older. The patient demographic and 

clinical characteristics by age group are listed in Table 1. The only clinical parameter that 

was different between age groups was the Baux Score. There were no differences in initial 

oxygen requirement or fluid needs by age group.
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3.2 Outcomes

The case-rate of sepsis and ARDS was not different between age groups; however, 

approximately 72% of both the <50 and 50–64 year age groups developed ARDS, compared 

to less than half of the ≥65 year age group. Utilization of resources was similar between age 

groups with similar 28-day ventilator-free days and 28-day ICU-free days (Table 2).

In-hospital death was associated with age ≥65 (p = 0.004). In the fully adjusted model with 

race, sex, %TBSA and inhalation injury grade, each 10 year incremental increase in age was 

associated with an odds ratio (OR) of 7.37 (95% CI 2.49–21.87) for in-hospital death.

3.3 Inflammatory mediators in BAL

Results for immune mediator concentrations in the BAL fluid are reported in Tables 3 and 4. 

Of the 27 mediators measured, 17 were detectable in the BAL fluid. MCP-1 was the only 

mediator found to be different in the ≥65 group. We found a 3- and 9-fold elevation in 

MCP-1 levels in the ≥65 age group in comparison to the <50 age group and the 50–64 age 

group, respectively (p<0.05). The levels of this chemokine showed age-dependent difference 

regardless of whether values were assessed relative to fluid concentration (Table 3) or when 

normalized to total protein concentration (Table 4).

Multivariable analyses for an association between the immune mediators in the BAL 

samples with in-hospital mortality are shown in Tables 5 and 6. No associations were found 

between plasma or BAL cytokine levels and in-hospital death (Table 5), however, when 

evaluating BAL fluid cytokines normalized to total protein concentration (Table 6) there was 

an association found between BAL fluid MCP-1 levels and in-hospital death (p=0.03). Each 

incremental increase of 100 pg/mg protein of admission MCP-1 in BAL fluid was associated 

with an OR of 1.16 (95% CI 1.01–1.32) for in-hospital death. No interaction/effect 

modification was found between age categories and MCP-1 and the odds risk was attenuated 

in the analysis stratified to burn patients 65 years or older. A Hosmer-Lemeshow test showed 

that the model fit the data well (p=0.71). Receiving operator characteristic (ROC) plots to 

evaluate the previously discussed data sets for a predictor of in-hospital mortality yielded no 

strong predictors identified when the data was adjusted appropriately.

3.4 Inflammatory mediators in plasma

The panel of immune mediator levels in the plasma of burn patients suspected of having 

inhalation injury demonstrated multiple cytokines/chemokines that differed between age 

groups. Of the 27 mediators in the multiplex kit, we were able to detect 17 in the plasma. 

IL-2 and IP-10 decreased by 50% in the ≥65 cohort, while IL-6 showed a 2.5 fold increase 

(p<0.05 for all). When comparing only the younger (<50 years) and older (≥65 years) 

groups, we showed changes in IL-1RA, IL-4, IL-6, G-CSF, IP-10 and MCP-1 levels (p<0.05 

in all). Among the most impressive age dependent differences in plasma concentrations were 

IL-6, G-CSF and MCP-1 which had a 4-, 2- and 2-fold increase, respectively, from younger 

to older subjects. The level of IL-6 was elevated from 83.9 pg/mL in younger subjects to 

352.5 pg/mL in older subjects (p<0.001). In the younger cohort of burn patients, G-CSF was 

47.9 pg/mL and 91.9 pg/mL in the older cohort while plasma levels of MCP-1 rose from 
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128.6 g/mL to 224.6 pg/mL. In general there was a trend towards increase in immune 

mediators with increasing age (Table 7).

We further evaluated whether there were any associations between plasma levels of these 

immune mediators and in-hospital mortality. Our results for this evaluation can be found in 

Table 8. Evaluating the data without adjusting for age, sex, race, %TBSA and inhalation 

injury grade, there is an association between in-hospital mortality and three cytokines, 

IL-1RA (p=0.001), IL-6 (p=0.003) and IL-10 (p=0.02). These associations, however, were 

not significant in the multivariable model adjusted for clinical factors.

Area under the curve receiver operating characteristics (AUC ROC) between immune 

mediators and in-hospital death are shown in Table 9. The strongest predictor for in-hospital 

death with an AUC ROC of 0.84 (95% CI 0.73–0.95) was IL-1RA (Figure 1). In examining 

all candidate biomarkers and clinical characteristics, the best model in variable selection by 

stepwise logistic regression was a two-variable model with IL-1RA and %TBSA. The 

addition of %TBSA did improve discrimination with an AUC ROC of 0.87 (95% CI 0.78–

0.97), and the Hosmer-Lemeshow test showed that the model fit the data well (p=0.59).

4. Discussion

The findings in the present study is similar to reports published by our laboratory and others 

(2, 13, 14, 23–25).There is little doubt that inhalation injury causes heightened morbidity 

and mortality, and it has been shown in previous reports that the concentrations of certain 

immune mediators in the BAL fluid are increased with inhalation injury (14, 26). To our 

knowledge, the particular concentrations of different immune mediators have not been 

stratified on an age basis. The novelty of this study was to evaluate changes of particular 

immune mediators in the elderly population of burn/inhalation injury patients. Our results 

show that there is an altered response of immune mediators in the elderly when compared to 

different age groups, suggesting a state of post-injury immune dysregulation.

The increase of MCP-1 in the BAL sample of burn patients who are ≥65 years of age is an 

interesting but not an unexpected finding. Previous papers have shown that this immune 

mediator is increased in states of systemic inflammation and tissue injury (2, 14, 27). It is a 

regulator of monocyte/macrophage migration, particularly into areas of the body that are 

stressed or damaged, and may also affect other organs in a systemic manner. It has been long 

understood that increased age is associated with increased mortality after burn; hence, one 

would anticipate that a mediators such as MCP-1 would be increased in concentration that 

theoretically could assist with the recovery process. This information begs the question of 

whether, perhaps, the immune cells that are recruited into the site of interest are not as 

effective at performing their pro- and anti-inflammatory activities, namely to initiate and 

resolve pulmonary inflammation, in the elderly as they are in the young. If correct, then 

perhaps for this reason the concentration of this chemoattractant would be higher. This is 

speculation and would require further research in order to produce an answer.

Our previous work reveal that there is a pulmonary immune hyporesponsiveness associated 

with mortality in patients following burn and inhalation injury (13). In that paper by Davis et 
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al., the patient populations are stratified into those that survive and those that do not. 

Advanced age was again found to be associated with mortality, however, when the group 

was analyzed as whole, concentrations of both pro- and anti-inflammatory mediators were 

lower in the non-survivor group. It is interesting, therefore, that we have found mostly an 

increase in immune mediators in the elderly who are also at the highest risk for mortality, 

relative to younger subjects. There are multiple possible explanations for these findings, and 

reflect the complex nature of the systemic inflammatory response to injury. Elevated levels 

of IL-1RA, for example, have been shown to be associated with increased mortality (14). 

IL-1RA is anti-inflammatory and may be a contributing factor to a deranged inflammatory 

response leading to poorer outcomes. However, in animal models of sepsis, IL-1RA 

deficient mice exhibit evidence of worsened inflammation (28). This illustrates the delicate 

balance of this immune mediator that is required for an adequate immune response (29). Our 

study found elevated IL-1RA in the plasma as a predictor of in-hospital death. Perhaps 

overexpression of this particular anti-inflammatory factor may result in an ineffective 

immune response, which may then lead to increased susceptibility to infection and, in turn, 

mortality.

Another interesting result of our study is that many of the immune mediators that have been 

shown in previous papers to be associated with mortality were also found to be elevated in 

the elderly population when compared to our younger cohort, specifically IL-1RA, IL-4, 

IL-6, and MCP-1 (30–34). It has been proposed that when the IL-1β/IL-1RA ratio is 

reduced, patients have an association with worse prognosis (35, 36). It is re-assuring that 

data from the present study are consistent with previous published works, and open the 

opportunity for further research into more mechanistic approaches defining the precise roles 

of these particular immune mediators in the lung and vascular compartments. With a greater 

understanding of the impact of advanced age on the response to tissue injury, our work may 

serve as diagnostically valuable biomarkers or therapeutic targets to promote immune 

homeostasis and recovery.

As mentioned earlier, prior studies have shown an increase in immune mediator 

concentration in the BAL fluid associated with worsening grade of inhalational injury (14). 

In the current study, even after adjusting for worsening grade of inhalational injury, we still 

saw a trend of increased inflammatory mediators in the BAL fluid in the elderly population. 

This may show that the elderly, regardless of the magnitude of the systemic insult, continue 

to have a deranged inflammatory responses to injury when compared to the young. In fact, 

when analyzing the clinical outcomes of the elderly relative to the younger cohort, we found 

that the rate of ARDS was less although the rate of mortality was higher. Although not 

statistically significant but it trended close to significance (p=0.08). This may, of course, be 

a consequence of the heightened rate of early mortality in the elderly and perhaps this 

population did not have time to develop ARDS before death. However, it may also be 

possible that the elderly experience a dysregulated inflammatory response distinct from the 

systemic response occurring in the younger cohort.

We acknowledge several weaknesses of our study. First, our results are subject to 

considerable selection bias, as we only selected patients who were suspected of having an 

associated inhalation injury. Second, our data are limited to the first 15 hours after injury, 
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and analysis of later time points may prove useful in determining which factors may 

contribute or change in response to subsequent complications, such as pneumonia, sepsis, or 

multiple organ failure. Undoubtedly, such comparisons will be the target of future research, 

especially with a greater number of study patients as may be afforded by collaboration with 

other centers. Finally, the sample size of our cohort is limited and may therefore be 

underpowered to detect a difference in our multivariable analyses so any insignificant 

associations may have been due to limitations in sample size. A future expanded multi-

institutional study may assist with further conclusions by providing a larger population to 

study the complex nature of aging and the physiological response to trauma such as burn 

injuries.

5. Conclusion

In this study, we have shown that there is a dysregulated inflammatory response in the older 

cohort when compared to a younger cohort in patients with burn and inhalation injuries. 

Many immune mediators in the plasma, such as IL-1RA, IL-2, IL-4, IL-6, G-CSF, IP-10, 

and MCP-1, were significantly elevated. Previous research in our laboratory and those of 

others has shown that a rise in the concentration of these mediators is associated with 

increased mortality after burn injury (2, 13, 14). Perhaps, finding a consistent trend in 

elevation when cohorts are stratified by age may be a contributing factor to the increased risk 

of mortality in the elderly with burn. Our observed statistically significantly increase in one 

immune mediator in the BAL fluid, namely MCP-1, is a factor that has been shown to be 

heightened in the lungs of non-survivors of burn/inhalation injury (2, 14). This may be 

another factor contributing to worsened prognosis with age. The next step will be a larger 

study to evaluate changes in immune mediator response in the elderly.

Supplementary Material
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BAL bronchoalveolar lavage

OR odds ratio

IL-1RA interleukin 1 receptor antagonist

IL-1β interleukin 1 beta
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IL-6 interleukin 6

IL-8 interleukin 8

IL-10 interleukin 10

IL-12 interleukin 12

IL-13 interleukin 13

IL-17 interleukin 17

G-CSF granulocyte colony-stimulating factor

IP-10 interferon-gamma-induced protein 10

MCP-1 monocyte chemoattractant protein 1

AUC area under the curve

ROC receiver operating characteristics

%TBSA percent total body surface area

ICU intensive care unit

COHB carboxyhemoglobin

GM-CSF granulocyte-macrophage colony-stimulating factor

IFN-γ interferon-gamma

TNF-α tumor necrosis factor alpha
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Highlights

• Altered inflammatory response in the older cohort when compared to younger 

cohort

• 3-fold increase in MCP-1 in BAL fluid samples from the elderly cohort

• 4-fold, 2-fold and 2-fold increase of IL-6, G-CSF and MCP-1 respectively in 

the plasma in the elderly cohort

• An association between concentration of MCP-1 in BAL fluid and in-hospital 

death

• IL-1RA in the plasma fits an ROC model to be a predictor for in-hospital 

death
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Figure 1. Receiver Operating Characteristics Curve (ROC) for Plasma IL-1RA
Figure 1 shows a receiver operating characteristics curve for plasma interleukin 1 receptor 

antagonist, IL-1RA. The area under the curve (AUC) is 0.84.
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Table 9

Receiver Operating Characteristics for each plasma immune mediator in predicting In-Hospital death

Immune Mediator Area Under the Curve 95% CI

IL-1β 0.56 0.40–073

IL-1RA 0.84 0.73–0.95

IL-2 0.47 0.33–0.62

IL-4 0.63 0.49–0.78

IL-6 0.70 0.55–0.86

IL-8 0.65 0.50–0.81

IL-10 0.67 0.53–0.81

IL-12 0.58 0.44–0.72

IL-13 0.52 0.36–0.68

IL-17 0.52 0.38–0.65

Eotaxin 0.65 0.53–0.78

G-CSF 0.59 0.42–0.76

GM-CSF 0.52 0.35–0.68

IFN-γ 0.49 0.33–0.66

IP-10 0.61 0.44–0.79

MCP-1 0.64 0.48–0.79

TNF-α 0.52 0.35–0.69

IL, interleukin; IL-1RA, interleukin-1 receptor antagonist; G-CSF, granulocyte colony-stimulating factor; GM-CSF, granulocyte-macrophage 
colony-stimulating factor; IFN-γ, interferon-gamma; IP-10, interferon-gamma-inducible protein 10; MCP-1, monocyte chemoattractant protein 1; 
TNF-α, tumor necrosis factor alpha
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