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BACKGROUND: Mortality after smoke inhalation–associated acute lung injury (SI-ALI)
remains substantial. Age and burn surface area are risk factors of mortality, whereas the
impact of patient- and center-level variables and treatments on survival are unknown.

METHODS: We performed a retrospective cohort study of burn and non-burn centers at 68 US
academic medical centers between 2011 and 2014. Adult inpatients with SI-ALI were identified
using an algorithm based on a billing code for respiratory conditions from smoke inhalation
who were mechanically ventilated by hospital day 4, with either a length-of-stay $ 5 days or
death within 4 days of hospitalization. Predictors of in-hospital mortality were identified
using logistic regression. The primary outcome was the odds ratio for in-hospital mortality.

RESULTS: A total of 769 patients (52.9 � 18.1 years) with SI-ALI were analyzed. In-hospital
mortality was 26% in the SI-ALI cohort and 50% in patients with $ 20% surface burns. In
addition to age > 60 years (OR 5.1, 95% CI 2.53-10.26) and $ 20% burns (OR 8.7, 95% CI
4.55-16.75), additional risk factors of in-hospital mortality included initial vasopressor use
(OR 5.0, 95% CI 3.16-7.91), higher diagnostic-related group–based risk-of-mortality
assignment and lower hospital bed capacity (OR 2.3, 95% CI 1.23-4.15). Initial empiric
antibiotics (OR 0.93, 95% CI 0.58-1.49) did not impact survival. These new risk factors
improved mortality prediction by 9.9% (P < .001).

CONCLUSIONS: In addition to older age and major surface burns, mortality in SI-ALI is
predicted by initial vasopressor use, higher diagnostic-related group–based risk-of-mortality
assignment, and care at centers with < 500 beds, but not by initial antibiotic therapy.
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Each year, burn injuries account for nearly 265,000 deaths
globally and 3,500 deaths in the United States.1,2 Ninety
percent of burn-related mortality is partially attributable
to smoke inhalation–associated acute lung injury (SI-
ALI).3 After smoke inhalation, direct cellular injury,
airway obstruction, regional blood flow changes, toxin-
and cytokine-mediated inflammation, and bacterial
infection contribute to ALI.4,5 In contrast to cutaneous
burns, few evidence-based guidelines exist for managing
SI-ALI because of a lack of consensus on defining criteria
resulting in wide variations in clinical practice.6 Despite
advances in burn care and rehabilitation, SI-ALI–related
mortality, 21.3% in 2015, remains substantial.7

Improving SI-ALI survival may be feasible by
individualizing supportive care and prioritizing
innovative therapies for high-risk victims.8 Identifying
risk factors of mortality in SI-ALI may facilitate risk
stratification, enhance inter-institutional comparisons,
and enable benchmarking of quality care metrics. The
best-characterized risk factors of mortality in SI-ALI are
increasing age and burn size.7,9 The effects of other
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patient and center-level determinants of survival remain
underexplored.

Several health-care data repositories are available to
investigate risk factors of mortality in SI-ALI.3,7,10 The
National Burn Repository of the American Burn
Association (ABA) provides comprehensive data on
burn victims nationally at burn centers, but is limited by
missing data and duplicate records.7,11 The Nationwide
Inpatient Sample, an administrative data source
covering one in five US nonfederal hospital discharges
lacks details on some key variables.3 Recent quality
improvement–targeted enhancements to some
administrative databases, such as encounter-level, date-
stamped interventions, have facilitated benchmarking,
surveillance, and comparative-effectiveness research.
Characterizing these interventions in patients with SI-
ALI enables evaluation of unique processes of burn care
otherwise not available. We developed an operational
algorithm to identify patients with putative SI-ALI in an
enhanced administrative database and investigated
clinical risk factors of mortality.
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Methods
Study Design

We performed a retrospective cohort study to identify inpatient
encounters for SI-ALI using a prespecified algorithm to query the
clinical database/resource manager (CDB/RM) of the University
Health System Consortium (UHC; Chicago, IL), which is a
collaborative of 117 academic medical centers and 300 affiliates,
whose CDB/RM contains inpatient billing records and charges for
drugs, laboratory, and other services by mapping charge masters of
participating institutions. It has been a data source for several
epidemiologic publications.12 The study was exempted from
institutional board review by the National Institutes of Health Office
of Human Subjects Research Protections (Bethesda, MD).

SI-ALI Operational Algorithm
Following a trend analysis of International Classification of Diseases,
version-9 (ICD-9), respiratory system burn injury diagnosis codes
(e-Table 1; Fig 1), adult (age $ 18 years) inpatient encounters
discharged between October 2011 and March 2014, and associated
with diagnosis 508.2 (respiratory conditions from smoke inhalation)
were identified. Outside hospital transfers were analyzed separately.
0
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Figure 1 – Trends in four respiratory system burn injury diagnosis codes
among discharges from 154 academic medical centers and affiliates
between October 2008 and October 2014. A trend analysis of the most
common International Classification of Diseases, version 9, diagnosis
codes representing respiratory system burn injury in discharge abstracts
at 154 centers in the University System Health Consortium was per-
formed for the period between October 2008 and October 2014. The
diagnosis code diagnosis (dx) 508.2 (respiratory conditions from smoke
inhalation), which was introduced in October 2011, nearly replaced dx
987.8 (toxic effect of unspecified gas, fume, or vapor) as being the most
frequently assigned. Diagnosis 947.0 (burn of mouth and pharynx) and
dx 947.1 (burn of larynx, trachea and lung) remained relatively un-
changed over time.
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Length of stay $ 5 days (or < 5 days if death occurred) with
mechanical ventilation within 4 days of hospital admission were
added as inclusion criteria to enhance capture of SI-ALI (Fig 2).
Patients with upper airway edema/obstruction following smoke
exposure are often intubated but may not develop ALI and most are
extubated within 1 to 2 days.13 Patients intubated but discharged
alive within 4 days were excluded. We limited the analysis to centers
providing charge data to ensure availability of date-stamped
medication administrations. For patients with multiple encounters
with diagnosis 508.2, only the initial encounter was selected.
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Figure 2 – Flowchart describing the selection of patients with smoke inhalat
aDischarged between October 2011 and March 2014. bContains encounter-le
rendered. CDB/RM ¼ clinical database/resource manager of the University
Diseases, version 9.
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Demographic (ie, age and sex) information was recorded and burn
surface area and Charlson Comorbidity Index calculated using ICD-
9 codes.14 The 3M All Patient Refined (APR) Diagnosis-Related
Group (DRG) Classification System was used for stratification of
acute illness severity based on projected risk of in-hospital mortality
at admission. It has been used for risk adjustment of hospitalized
patients in performance measurements and research.15 Continuous
invasive mechanical ventilation was identified by ICD-9
procedure codes: 96.71 or 96.72. Labeling charges for antibiotics
and vasopressors within the first 2 days of hospitalization were
cause unique encountersa

N = 31,978,455 [222]

 encountersa with “respiratory
tions from smoke inhalation” 
[principal or secondary 
-9 diagnosis code 508.2] 

n = 7,888 [222]

Adults
n = 7,022 [220]

In-patients
n = 3,435 [170]

Non-Transfers
n = 2,288 [167]

e Mechanical Ventilation within
ays of hospital admission

n = 1,323 [103]

th-of-Stay ≥ 5 days (or death
 days of hospital admission)

n = 1,088 [96]

m hospitals within the CDB/RMb

ssable for primary analysis)
n = 769 [68]

866 pediatric cases
(< 18 yr)

3,587 discharged from
the emergency room
or observation unit

235 discharged alive
within 4 days of
hospitalization

319 not in CDB/RMb

965 did not require
invasive mechanical

ventilation within 
4 days of

hospitalizations

ion-associated acute lung injury based on a prespecified algorithm.
vel date-stamped charges on medications administered and services
Health System Consortium; ICD-9 ¼ International Classification of
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considered “initial” use. Hospital characteristics were obtained from
UHC hospital profile data and the ABA website regarding burn
center designation.2

Statistical Analysis
All patient baseline characteristics were treated as categorical variables
and reported as frequencies and percentages. The exposures of interest
were candidate risk factors of mortality in SI-ALI (as defined
previously); the outcome of interest was in-hospital mortality. We
performed a forward stepwise variable selection (with an entry
criterion of P < .05) in a multivariable logistic regression model to
investigate the association of potential risk factors with in-hospital
mortality. All variables with P < .20 in univariate analysis
were selected in the stepwise variable selection. Variables for
which the effect on mortality was specifically sought but that
failed to be selected were added in the final model. The absence of a
journal.publications.chestnet.org
gold-standard definition for or prospective studies in patients with
SI-ALI precluded estimations of effect size and, hence, sample size
calculation. Subgroup analyses were performed on three subsets: (1)
mechanical ventilation $ 96 h, (2) burns involving $ 20% total
burn surface area (TBSA), and (3) any initial vasopressor
requirement. A secondary analysis was performed on patients with
SI-ALI who were transferred from other facilities. Receiver-operator
characteristic curves assessed the discrimination of mortality in the
primary and secondary analyses. The increase in the area under
the receiver-operator characteristic curve (DAUC) represented the
prediction increment offered by newly identified risk factors over age
and burn surface area. This metric was chosen over the net
reclassification index because the index may overestimate the
improvement from uninformative risk factors.16 All analyses were
performed using SAS, version 9.3. A two-sided P value of < .05 was
considered statistically significant.
Results

Derivation of the SI-ALI Cohort Using the
Operational Algorithm

Between October 2011 and March 2014, 1,088 cases at
96 hospitals fulfilled the predetermined criteria for
putative SI-ALI. Among these, 769 cases treated at 68
hospitals providing data on medication administration
were included in the primary analysis. Figure 2 shows
the case selection algorithm.

Baseline Characteristics

Patient- and center-level characteristics are detailed in
Table 1. The mean age was 52.8 � 18.1 and men
comprised 61% of the cases. Forty-eight percent had no
comorbidities (Charlson Comorbidity Index ¼ 0) and
> 75% had a major or extreme admission risk-of-
mortality assignment. Nearly 30% of SI-ALI cases
received initial vasopressor therapy and 31% received
initial systemic antibacterial therapy, with at least one of
31 agents (e-Figs 1, 2). Vancomycin was the most
commonly prescribed initial antibiotic, followed by
cefazolin and piperacillin-tazobactam.

Centers were well-distributed by region, and 70% of cases
were admitted to hospitals with $ 500 beds. Sixty (88%)
of the 68 hospitals included in the primary analysis were
academic medical centers, whereas eight (12%) were
affiliated community hospitals. Forty-four of the 68
hospitals were burn centers, in which 91% (702) of SI-ALI
cases were initially admitted. Sixty-seven percent (468)
were cared for at ABA-verified burn centers and the
remaining (234) at self-described burn centers.

Assessment of Risk Factors

In-hospital mortality was 26% in the SI-ALI cohort
(199/769) and 50% among patients with $ 20% surface
burns (144/289). In-hospital mortality among adult
inpatients with diagnosis 508.2 without mechanical
ventilation was 2.26% (10/443). Five of the 10 variables
were statistically significant; age and TBSA categories,
risk-of-mortality assignment, initial vasopressor therapy,
and hospital bed size (Table 2).

Older patients (age ranges 61-70 and > 70) had 5.1- and
6.6-fold odds of death, respectively, compared with 18-
to 40-year-old patients (OR 5.10 [95% CI 2.53-10.25]
and 6.60 [95% CI 3.22-13.59]). Charlson comorbidity
index, sex, and hospital region did not significantly
influence mortality.

The odds of death were similar comparing SI-ALI cases of
isolated inhalation injury to those involving< 20% TBSA
(OR 1.15 [95%CI 0.58-2.29]). However, the odds of death
rose more than 8 fold when concomitant burns
involved $ 20% TBSA (OR 8.73 [95% CI 4.55-16.75]).
With the extreme risk-of-mortality assignment as the
reference, the ORs for corresponding minor or moderate
as well as major categories remained low at 0.15 (0.07-
0.34) and 0.29 (0.18-0.47), respectively. Cases requiring
initial vasopressor therapy carried a 5 fold odds of death
(OR 5.00 [3.16-7.91]) and the odds rose 29 fold in the
absence of concomitant burns (OR 28.64 [4.44-184.82])
(e-Table 2). The odds of in-hospital mortality following
care at centers with < 500 beds were higher compared
with care at $ 500-bed hospitals (OR 2.26 [1.23-4.15]).
However, the same were not significantly different at self-
reported (OR 0.83 [0.50-1.38]) and non-burn centers
(OR 0.84 [0.36-1.95]) when compared with ABA-verified
burn centers. The OR of mortality for combined ABA
and self-reported burn centers compared with non-burn
center cases continued to lack statistical significance in a
reanalysis (OR 1.121 [0.491-2.558]). The prescribing
pattern of initial antibiotic therapy widely varied among
centers (e-Figs 1, 2). Receipt of initial systemic
antibacterial therapy had no effect on in-hospital
1263
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TABLE 1 ] Baseline Characteristics of the SI-ALI Cohort: Overall and by TBSA Category

Variable
All SI-ALI

N ¼ 769 (%)

SI-ALI Subset With
0% TBSA Burns
n ¼ 200 (%)

SI-ALI Subset With
1%-19% TBSA Burns

n ¼ 280 (%)

SI-ALI Subset With
$20% TBSA Burns

n ¼ 289 (%)

Age, y

18-40 196 (25.5) 36 (18.0) 69 (24.6) 91 (31.5)

41-50 130 (16.9) 38 (19.0) 39 (13.9) 53 (18.3)

51-60 179 (23.3) 58 (29.0) 63 (22.5) 58 (20.1)

61-70 143 (18.6) 30 (15.0) 65 (23.2) 48 (16.6)

>70 121 (15.7) 38 (19.0) 44 (15.7) 39 (13.5)

Sex

Male 468 (60.9) 104 (52.0) 171 (61.1) 193 (66.8)

Female 301 (39.1) 96 (48.0) 109 (38.9) 96 (33.2)

Patient region

Midwest 224 (29.1) 65 (32.5) 85 (30.4) 74 (25.6)

Northeast 141 (18.3) 44 (22.0) 58 (20.7) 39 (13.5)

South 242 (31.5) 47 (23.5) 83 (29.6) 112 (38.8)

West 162 (21.1) 44 (22.0) 54 (19.3) 64 (22.1)

3M APR-DRG Admission ROM Classification Scale

Minor 49 (6.4) 22 (11.0) 27 (9.6) 0 (0.0)

Moderate 135 (17.6) 46 (23.0) 65 (23.2) 24 (8.3)

Major 306 (39.8) 78 (39.0) 126 (45.0) 102 (35.3)

Extreme 279 (36.3) 54 (27.0) 62 (22.1) 163 (56.4)

Charlson Comorbidity Index

0 368 (47.9) 81 (40.5) 123 (43.9) 164 (56.7)

1-2 304 (39.5) 95 (47.5) 109 (38.9) 100 (34.6)

>2 97 (12.6) 24 (12.0) 48 (17.1) 25 (8.7)

Initial vasopressor usea 231 (30.0) 42 (21.0) 59 (21.1) 130 (45.0)

Initial empiric systemic antibacterial therapya 241 (31.3) 63 (31.5) 92 (32.9) 86 (29.8)

Hospital bed capacity

< 500 beds 233 (30.3) 76 (38.0) 82 (29.3) 75 (9.8)

$ 500 beds 536 (69.7) 124 (62.0) 198 (70.7) 214 (74.1)

Burn center status (no. of centers)

ABA-verified burn center (27) 468 (60.9) 90 (45.0) 182 (65.0) 196 (67.8)

Self-reported burn center (17) 234 (30.4) 70 (35.0) 87 (31.1) 77 (26.6)

Non-burn center (24) 67 (8.7) 40 (20.0) 11 (3.9) 16 (5.5)

APR-DRG ¼ All Patient Refined Diagnoses-Related Group Classification System; ROM ¼ risk of mortality; SI-ALI ¼ smoke inhalation-associated acute lung
injury; TBSA ¼ total burn surface area.
aWithin 2 days of hospital admission.
mortality across all SI-ALI cases (OR 0.93 [0.58-1.49]) as
well as across all sensitivity analyses (e-Tables 2-6).

The secondary analysis was performed on 542 patients
identified by algorithm filters at 51 hospitals providing
medication data (Fig 2, e-Tables 7-8). In the primary
analysis (n ¼ 769), the AUC for the two-variable model
(ie, age and TBSA) was 0.81 (95% CI 0.76-0.85) vs 0.89
(95% CI 0.87-0.92) for the five-variable model (ie, age,
TBSA, risk-of-mortality assignment, initial vasopressor
1264 Original Research
use, and hospital size) demonstrating the mortality
risk-prediction increment (DAUC) of 9.9% (P < .001;
Fig 3A). In the secondary analysis (n ¼ 542), the AUC
for the two-variable model was 0.75 (95% CI 0.70-0.80)
vs 0.84 (95% CI 0.804-0.88) for the five-variable model
(DAUC ¼ 12.0%; P < .001) (Fig 3B).

Discussion
We describe the largest study to date exploring systems
of care and risk factors of mortality in SI-ALI in a cohort
[ 1 5 0 # 6 CHE ST D E C EM B E R 2 0 1 6 ]



TABLE 2 ] Multivariate Logistic Regression Identifying Risk Factors of In-Hospital Mortality in 769 Patients With
SI-ALI at 68 Centers

Variable OR 95% CI P Value

Age, y (reference: 18-40)

41-50 1.34 0.66-2.74 .414

51-60 1.31 0.65-2.62 .453

61-70 5.10 2.53-10.25 < .001

>70 6.61 3.22-13.59 < .001

Sex (reference: female) 0.88 0.56-1.39 .585

Patient region (reference: West)

Midwest 0.75 0.40-1.43 .384

Northeast 1.42 0.66-3.04 .373

South 1.05 0.54-2.06 .882

3M APR-DRG Admission Risk of Mortality Scale (reference: extreme)

Minor or moderate 0.15 0.07-0.34 < .001

Major 0.29 0.18-0.47 < .001

Charlson Comorbidity Index (reference: 0)

1-2 0.85 0.52-1.40 .529

>2 0.74 0.36-1.54 .421

TBSA category (reference: 0%)

1%-19% 1.15 0.58-2.29 .690

$20% 8.73 4.55-16.75 < .001

Initial vasopressor use (reference: none)a 5.00 3.16-7.91 < .001

Initial empiric systemic antibacterial therapy (reference: none)a 0.93 0.58-1.49 .773

Hospital bed capacity (reference: $ 500 beds)

< 500 beds 2.26 1.23-4.15 .008

Burn center status (reference: ABA burn center)

Self-reported burn center 0.83 0.50-1.38 .479

Non-burn center 0.84 0.36-1.95 .684

ABA ¼ American Burn Association. See the Table 1 legend for expansion of abbreviations.
aWithin 2 days of hospitalization.
of burn and non-burn centers. In patients with SI-ALI,
greater acute illness severity manifested by initial
vasopressor use and/or higher APR-DRG risk-of-
mortality assignment and care at < 500-bed hospitals
predicted an increased risk of mortality. These three
additional risk factors improved the predictability of
in-hospital mortality in SI-ALI offered by age and burn
size by 10%. Sex, Charlson Comorbidity Index, and
initial systemic antibiotic use are not significant
predictors of mortality. These data will enhance the
identification and risk stratification of patients with
SI-ALI.

Airway obstruction from soot, edema, sloughing, casts,
and bronchoconstriction and greater fluid resuscitation
needs make SI-ALI unique from ALI from other causes.
Without standard diagnostic criteria of SI-ALI, we used
an operational algorithm to identify cases in a large
journal.publications.chestnet.org
database based on clinical logic, identifying patients with
a billing code for respiratory conditions from smoke
inhalation that required intubation within 4 days of
arrival. This filter will miss late-onset SI-ALI (> 5 days
after exposure). We found only 3% of eligible cases being
initially intubated on or after day 4. Furthermore, later
mechanical ventilation may have been initiated for other
reasons (eg, postsurgical recovery, health-care associated
pneumonia).

The requirement of mechanical ventilation enhanced the
likelihood of capturing SI-ALI. Mean mortality among
patients with SI-ALI in our study (26%) resembles
previous reports (27.6%)17 and is significantly higher
than the excluded nonventilated cohort (2.26%). A
Nationwide Inpatient Sample study reported mean
mortality from inhalation injury, including
nonventilated patients at 16%.3 Burn and non-burn
1265

http://journal.publications.chestnet.org


0.00

0.25

0.50

0.75

1.00

0.00 0.25 0.50 0.75 1.00

S
en

si
ti

vi
ty

S
en

si
ti

vi
ty

1-Specificity 1-Specificity

ROC Curves for Comparisons

P value < .0001 P value < .0001

Derivation Cohort (n=769)
ROC Curves for Comparisons
Validation Cohort cohort (n=542)

0.00

0.25

0.50

0.75

1.00

0.00 0.25 0.50 0.75 1.00

AIC= Akaike Information Criterion 

Model AIC AUC 95% CI ΔAUC

2-predictor
model

5-predictor
model

682.26 0.81 0.78 - 0.85

570.21 0.89 0.87 - 0.92

9.9%
(P < .001)

Model AIC AUC 95% CI ΔAUC

2-predictor
model

5-predictor
model

520.12 0.75 0.70 - 0.80

452.04 0.84 0.804 - 0.88

12.0%
(P < .001)

Figure 3 – Receiver-operator characteristic (ROC) curves showing improved discrimination using a afive-risk factor model compared with a btwo-
risk factor model. A, Primary analysis of all patients with SI-ALI (n ¼ 769): DAUC ¼ 9.9% (P < .001). B, Secondary analysis of patients transferred
from other facilities otherwise meeting SI-ALI criteria (n ¼ 542): DAUC ¼ 12.0% (P < .001). aAge, TBSA, 3M; all patients refined DRG admission
ROM assignment, hospital size, and initial vasopressor use (IV norepinephrine, epinephrine, dopamine, vasopressin, and phenylephrine). bAge and
TBSA. 3M ¼ 3M All Patient Refined Diagnosis-Related Group Classification System; AUC ¼ area under receiver-operator characteristic curve;
DAUC ¼ mortality risk-prediction increment; ROM ¼ risk of mortality; SI-ALI ¼ smoke inhalation-associated acute lung injury; TBSA ¼ total
burn surface area.
centers were not differentiated in this report.3 Contrary
to other studies,3,18 sex was not associated with outcome
in our study.

Higher center volume has been associated with lower
mortality among mechanically ventilated patients and
overall burn victims.7,19 We found a similar hospital bed
capacity–outcome relationship in SI-ALI, suggesting
that triage to larger centers may improve survival
possibly related to better infrastructure for organ
support and rescue therapies for refractory hypoxemia,
and more subspecialty services. Although the impact of
burn center status was itself underpowered to infer any
effect of this factor, 95% of patients with SI-ALI cared
for at > 500-bed centers were at centers with burn units,
suggesting that these patients are likely to have a better
outcome if transferred to > 500-bed burn centers.
1266 Original Research
However, if transfer to such large-volume burn centers is
unavailable because of logistical reasons or distance,
then transfer to large-volume non-burn centers within
reach should be considered.

Initial systemic antibiotics were administered to one-
third of patients with SI-ALI, including one-third with
isolated inhalation injury but the specific indications
could not be determined without date-stamped diagnosis
codes. Animal models and a prospective observational
study have associated bronchial bacterial infection with
poor outcomes in SI-ALI.5,20,21 However, we found no
survival benefit from initial systemic antibiotics in the
overall SI-ALI cohort in those with isolated inhalation
injury or > 96 h of mechanical ventilation. Those
given initial antibiotics may have been sicker
and included those with vasopressor requirements.22
[ 1 5 0 # 6 CHE ST D E C EM B E R 2 0 1 6 ]



However, the lack of benefit persisted even among those
not requiring initial vasopressor therapy. A study of
antibiotics given to burn victims within 2 days of
admission improved 28-day in-hospital survival only
among those requiring mechanical ventilation although
the proportion of patients with SI-ALI was not
specified.23

Vasopressors may have been given for different reasons;
distributive shock from major burns, sepsis, or vascular
collapse from carbon monoxide poisoning.24 Fluid
requirements in patients with SI-ALI are 50% greater
than predicted by standard formulae.25 Although fluid
restriction is desirable in ARDS, it is detrimental to the
integrity of pulmonary microvasculature in SI-ALI.26,27

We were unable to identify shock etiology or quantify
administered fluid volume. Notwithstanding,
vasopressor use raised the odds of death 5 fold in those
with SI-ALI and 29 fold in those with isolated inhalation
injury.

Comorbidity burden did not impact in-hospital
mortality in our study; however, a previous study
associated Charlson Comorbidity Index with a higher
1-year mortality, which was attributed to poorly
managed comorbidities and new lower baseline health
status postdischarge.28

Burn victims are often transferred to tertiary centers for
specialized care. In our analysis of transferred patients,
higher TBSA did not predict mortality. This contradicts
both previous evidence17 as well as our primary analysis
results. Possible causes include survival bias among
transfers, a selection bias introduced by transfer to
centers with greater experience and resources, or
transfers dictated by hospital or third-party payer policy.

We acknowledge limitations in our analysis. The
available data precluded studying factors that predicted
SI-ALI development, as in ALI.29 Billing coding
practices are subject to variability that can impact case
classification by the algorithm. The large multicenter
study sample as well as sensitivity analyses partially
mitigate the bias in conclusions drawn from
administrative data. Some of our sensitivity analysis
contained low events per variable (eg, e-Table 2), which
may bias associations.30 However, their direction was
similar to that of the primary analysis. Our analysis
misses patients with less severe forms of inhalation
injury, and our findings may not be generalizable to
burn victims that do not require mechanical ventilation
for smoke inhalation injury. Nonavailability of historical
and examination findings as well as comprehensive
journal.publications.chestnet.org
results of laboratory, radiologic testing and endoscopy in
the database precluded assessments of type, severity, and
circumstances of inhalation injury or concurrent trauma
as well as reason for intubation. However, it can be
assumed that patients without surface burns were more
likely intubated because of smoke inhalation than those
with concomitant burns, where other reasons for
mechanical ventilation may have existed. With time-
varying exposures (ie, vasopressors and antibiotics),
there is the potential for differential likelihood of
exposure. The predominance of academic medical
centers, 6% of US hospitals, limits generalizability yet
they include 78% of the US burn units.31 Some
adjunctive therapies could not be evaluated. Systemic
corticosteroids were given to 8.8% and inhaled steroids
to none of the patients within 2 days of hospitalization;
further, inability to glean administered dose and specific
indication in the database precluded investigations on
the impact of steroids on outcome. Their effect on
mortality in SI-ALI remains unknown.32 None received
hyperbaric oxygen therapy. No mortality benefit from
early excision of burns in the presence of inhalation
injury has been found.33

Diagnosis codes other than 508.2 (Fig 1) have been used
in previous studies to indicate inhalation injury.3

However, our trend analysis (Fig 1) confirmed the
amalgamation of myriad respiratory burn codes over
time into one code (ICD 9 diagnosis 508.2 and now
ICD-10 code J70.5), lending uniformity to the SI-ALI
algorithm and enhancing its value as a surveillance tool.
The algorithm could not be validated against clinical
cases, and sampling bias remains a concern.
Retrospective validation against true cases identified by a
stratified clinical definition (e-Fig 3) in our pilot chart
review at three of the 68 centers revealed considerable
variability in bronchoscopic, laboratory and radiologic
testing to diagnose SI-ALI (data not shown), precluding
a uniform estimation of true cases and the algorithm’s
positive predictive value. Our suggested stratified clinical
definition is included in the online supplement (e-Fig 3).

Conclusions
Our findings suggest that in addition to older age and
concomitant surface burns, initial vasopressor
requirements, higher DRG-based risk-of-mortality
assignment, and care at centers with < 500 beds predict
increased mortality in SI-ALI. These data advocate for
early recognition of concomitant shock in inhalation
injury victims and suggest that these patients may
benefit from preferential triage to larger volume centers.
1267
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