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Abstract

Background—Elevated blood alcohol content is a risk factor for injury. Associations of blood
alcohol content with acute respiratory distress syndrome have not been conclusively established.
We evaluated the association of a BAC >0 mg/dL with the intermediate outcomes, Injury Severity
Score and Glasgow Coma Score, and their association with acute respiratory distress syndrome
development.

Methods—Observational retrospective cohort study of 26,305 primary trauma admissions to a
statewide referral trauma center from July 11, 2003 to October 31, 2011. Logistic regression was
performed to assess the relationship between Admission blood alcohol content, Injury Severity
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Score, Glasgow Coma Score, and acute respiratory distress syndrome development within five
days of admission.

Results—The case-rate for acute respiratory distress syndrome was 5.5% (1447). Blood alcohol
content >0 mg/dL was associated with acute respiratory distress syndrome development in
adjusted analysis (Odds Ratio 1.50; 95% Confidence Interval 1.33-1.71, p<0.001). High Injury
Severity Score (216) had a stronger association with acute respiratory distress syndrome
development (Odds Ratio 17.99; 95% Confidence Interval 15.51-20.86); as did low Glasgow
Coma Score (<8) (Odds Ratio 8.77; 95% Confidence Interval 7.64-10.07, p<0.001). Patients with
low Glasgow Coma Score and high Injury Severity Score had the most frequent acute respiratory
distress syndrome (33.6%) and the highest case fatality rate without acute respiratory distress
syndrome (24.7%).

Conclusions—Elevated blood alcohol content is associated with acute respiratory distress
syndrome development. In the analysis of alcohol exposure, Injury Severity Score and Glasgow
Coma Score occur after alcohol ingestion, making them intermediate outcomes. Injury Severity
Score and Glasgow Coma Score were strong predictors of acute respiratory distress syndrome and
may be useful to identify at-risk patients. Elevated blood alcohol content may increase the
frequency of the acute respiratory distress syndrome through influence on injury severity or
independent molecular mechanisms which can be discriminated only in experimental models

Keywords
Acute Respiratory Distress Syndrome; Trauma Severity Indices; Ethanol; Alcohol Drinking

BACKGROUND

Chronic alcohol use carries a two to three fold risk for acute respiratory distress syndrome
(ARDS) development!2. Subsequent studies have shown mechanisms in the lung with
altered epithelial cell permeability, decreased alveolar liquid clearance, and decreased
glutathione production and redox potential3. Investigations into the relationship of acute
alcohol exposure and ARDS are not available. One observational study investigating the
effects of both elevated BAC and chronic alcohol use on outcomes in trauma patients found
an increased risk of respiratory failure and mortality among chronic alcohol use patients and
not patients with BAC =100 mg/dL?, but those investigators did not assess ARDS according
to an international consensus definition or ascertain BAC systematically.

Alcohol intoxication is a risk factor for injury,® and elevated BAC is present in up to 50% of
trauma patients*°. Studies assessing the acute alcohol-injury severity relationship have
focused on the behavioral effects of an elevated BAC such as speeding, seat belt use or
mechanism, severity, and location of injury®. The deleterious biological effects of an
elevated BAC with injury have been shown in murine models’. Observational studies have
shown an increased susceptibility to pneumonia and infections from an elevated BAC8:9, but
the association with ARDS was not described.

Studies examining acute alcohol exposure and outcomes in trauma patients have used
trauma severity indices as confounders when, in fact, they occur after alcohol exposure and
are intermediate outcomes. Severe trauma is a strong predictor of mortalityl® and may
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activate the systemic inflammatory response syndrome (SIRS)1; leading to multiple organ
dysfunctions (MODS) including ARDS2.13. ARDS occurs in 4-8% of trauma patients:
percentages as high as 33% have been reported in patients admitted with injury severity
scores (ISS) = 161416,

We hypothesized that elevated BAC is associated with ARDS development. In a cohort of
patients from a statewide referral trauma center with routine BAC testing, we evaluated the
relationships of BAC with incident ARDS within five days of injury. ISS and Glasgow
Coma Score (GCS) were assessed as intermediate outcomes and in relationship to the risk
for ARDS and mortality.

METHODS

Environment

We analyzed data from a cohort of 26,305 patients admitted to the R. Adams Cowley Shock
Trauma Center (STC) at the University of Maryland Medical Center between July 11, 2003
and October 31, 2011. The STC) is a free-standing, urban, Level | trauma center which
admits over 5,000 primary trauma patients annually from a catchment of urban, suburban,
and rural communities of over 6 million people. The STC has been the central healthcare
resource for critically injured adults in the State of Maryland for more than three decades
and has maintained a trauma registry since the mid-1980s1’.

Patient Selection

We assessed 40,155 patient records (Figure 1) which did not include patients with length of
stay less than 15 minutesl’ (323, 0.8%), in order to avoid patients who arrived dead or died
immediately after arrival to the trauma center. This proportion is similar to that in the
National Trauma Data Bank (1.8%)18. Patients younger than 16 years of age, inhalational
injuries, burn injuries, near drowning, and isolated traumatic brain injury (TBI) defined by
an Abbreviated Injury Score (AIS) = 3 for head/neck but < 1 for each of the other body
regions were excluded®. Patients 16-21 years old were included, as 910/4149 (22%) had
BAC >0 mg/dL.

Acute Respiratory Distress Syndrome Definition

A validated surveillance algorithm1:20 incorporating the Berlin definition?! was adapted to
identify patients with ARDS. In study of ICU patients, the surveillance algorithm had a
sensitivity of 97.6% and specificity of 97.6%2°. Qualifying chest radiograph reports were
linked within 24 hours to qualifying PaO,/FiO5 ratios in mechanically ventilated patients.
Patients receiving mechanical ventilation were identified using administrative data. In a
random sample of 461 (1.7%) patients, overall accuracy was 93% for the ventilator
administrative data, consistent with prior use of administrative data from our institution?2,
Over 92% of the cohort had chest radiographs performed during initial evaluation in the
trauma resuscitation unit however reports were not routinely recorded in the registry. An
electronic query process used the STC registry medical record numbers (MRN) to retrieve
chest radiograph reports from the University of Maryland Clinical Data Repository,
succeeding in 28,682/38,736 (74.0%) patients. Patients who did not have radiographs
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linkable by MRN were excluded; errors in record numbers have been documented to cause
inconsistencies with similar frequency between trauma registries and administrative
databases23. The removal of patients with unmatched radiograph reports did not affect the
characteristics of the cohort when compared to all patients in the registry.

After screening, there were 8,179 chest radiograph reports in 3,890 patients with keyword
results that were inconclusive for ARDS criteria. Chart review of those radiograph reports
identified an additional 480 (12.3%) patients with ARDS. Patients who were mechanically
ventilated and had qualifying chest radiographs but were missing registry data for PaO, or
FiO, (925) had chart reviews performed to identify an additional 401 (43.4%) cases of
ARDS; a validated measure of the pulse oximetry SpO,/ FiO, ratio was used in 25 of those
patients because of missing PaO, data2?.

Analytic Approach

Our primary outcome was ARDS development. We identified ARDS occurring within five
days of traumal®. BAC exposure was evaluated in our primary analysis as a dichotomous
variable (0 versus >0 mg/dL) to account for variations in transport time and resuscitation. In
secondary analyses, BAC was evaluated as a continuous variable and in four ordered
categories. BAC values were recorded in 26,305/27,041 (97.3%) of patients. Of the 736
patients who had missing BAC values, 549 (74.6%) were discharged home, 157 (21.3%)
were discharged to acute and chronic care facilities, and 30 (4.1%) died; 42 (5.7%)
developed ARDS in the first five days. In a random sample chart review of 74 (10.1%)
missing BAC patients, 95.9% had true missing values.

ISS and GCS were intermediate outcomes that were evaluated dichotomously (ISS <16
versus ISS = 16 and GCS >8 versus <8)16:25, |n the final analysis cohort, 733 (2.8%) were
missing 1SS scores. Of the patients missing 1SS scores, 647 (88.3%) were discharged home,
81 (11.1%) were discharged to acute and chronic care facilities, and 5 (0.7%) died; < 1%
developed ARDS in the first five days. In the data analysis for 1SS and GCS, only patients
with ISS and GCS scores were evaluated (n=25,572).

Baseline characteristics were presented as medians with interquartile ranges and compared
using Wilcoxon-Mann-Whitney or Kruskal Wallis non-parametric tests with continuous
variables. A comparison of two or more proportions was performed using a Chi-Square test
or Fisher Exact Test. Logistic regression was used to assess the risk for ARDS development.
Variable selection for the multivariable logistic regression was made a priori and based on
review of prior literature and biologic plausibility?6:27, Logistic regression model
performance was measured with likelihood ratio tests. All the models showed adequate
performance with the likelihood ratio having a p<0.0001. The comorbidities were recorded
in the registry from attending physician documentation. Test for linear and quadratic trend
was performed for ordered BAC categories. The Pearson product-moment correlation
coefficient was used to test the correlation between ISS and GCS.

Analysis was performed using SAS Version 9.1.3 (SAS Institute, Cary, NC). The
institutional review board of the University of Maryland Baltimore approved this study with
waiver of consent and Health Insurance Portability and Accountability Act authorization.
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Demographics and characteristics by BAC are shown in Table 1. Estimated time from injury
to trauma center presentation was 55.7 (£41.7) minutes. Among the 7360 (28.0%) patients
with a BAC >0 mg/dL, levels greater than 100 mg/dL accounted for 5328 (20.3%) of the
cohort. The large majority of trauma patients suffered blunt injury, but penetrating injuries
were more common in patients with BAC >0 mg/dL. Mechanical ventilation was used in
5537 (21.0%) of the cohort. The five day case-fatality rate was 509 (1.9%).

The frequency of comorbidities was low (Table 1). Fewer than 1% had cirrhosis, chronic
renal failure, or heart failure. Diabetes was documented in 1624 (6.2%) of patients and
hypertension in 4209 (16.0%). Characteristics associated with BAC >0 mg/dL included
lower age, male gender, non-white race, chronic alcohol use, tobacco use, no previous
diagnosis of diabetes, and prior use of immunosuppressive medication.

The case-rate for ARDS development in the first five days was 5.5%. The unadjusted odds
ratio (OR) for ARDS development in patients with a BAC >0 mg/dL was 1.12; 95% ClI
1.00-1.26, p= 0.05 (Table 2). In adjusted analysis, the strength of association of BAC >0
mg/dL with ARDS development increased to an OR 1.50; 95% CI 1.33-1.71, p<0.001.
Higher category of BAC was associated with a greater risk for ARDS development
(p<0.001). The result for continuous BAC was similar (SDC 1). In unadjusted analysis of
the intermediate outcomes ISS and GCS, BAC >0 mg/dL was associated with increased risk
for high ISS (=16) (OR 1.17; 95% ClI 1.10-1.25, p<0.001) and for low GCS (<8) (OR 2.12;
95% ClI 1.91-2.36, p<0.001) (Figure 2). In adjusted analysis, BAC >0 mg/dL was associated
with an OR 1.17 (95% CI 1.09-1.25, p<0.001) for high ISS and OR 2.52 (95% CI 2.25-
2.83, p<0.001) for low GCS.

The case-rate for ARDS development in patients with high 1SS was 18.3% (1221) and low
GCS was 28.5% (428). In unadjusted analysis, high 1SS as well as low GCS each had a
strong positive association for ARDS development. The inclusion of BAC >0 mg/dL in the
adjusted analysis of ARDS development’s association with low GCS or high ISS made little
change in the odds ratios (Table 2).

Patients with high ISS and thorax injury score >3 (serious chest injury) were more likely to
develop ARDS than those without serious chest injury (73.1% vs. 27.0%, p<0.001) (SDC 2).
Head/neck injury score =4 (severe) was determinative of high ISS by definition but was not
determinative of low GCS although severe head/neck injury and low GCS are strongly
associated (OR 28.3, 95% CI 25.1-31.9; p<0.001). Among patients with high ISS, the
interaction between GCS and head/neck injury was not statistically significant (p=0.09) for
ARDS development. Among patients with high ISS, severe head/neck injury made a small
but statistically significant difference for ARDS development in the high GCS stratum
(14.3% vs. 18.1%, p=0.002) but not for ARDS development in the low GCS stratum (33.4%
vs. 33.6%, p=0.95) (SDC 3).

ISS and GCS were correlated (Pearson’s coefficient 0.48, p<0.001). Patients with high GCS
and low ISS accounted for 72.9% of the cohort, and had the lowest case rates for ARDS
development (0.1%) and the lowest case fatality rates without ARDS (1.0%). Patients with
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low GCS and high ISS had the highest rates for ARDS development (33.6%) and the highest
case fatality rates without ARDS (24.7%). Low GCS increased the occurrence of ARDS or
case-fatality little except in combination with high ISS (Table 3). Sensitivity for ARDS
development or case-fatality from high 1SS were 86.9% (95% CI 85.3%-88.4%) and
specificity 78.7% (95% CI 78.2%~79.2%).

DISCUSSION

BAC >0 mg/dL was present in 28% of the patients; most of those had a BAC >100 mg/dL.
We found BAC >0 mg/dL was associated with an increased risk for ARDS development;
this risk was dose related. 1SS and GCS result from the injury event and occur after alcohol
ingestion, making them intermediate outcomes rather than baseline characteristics. BAC >0
mg/dL was associated with high 1SS and low GCS. ISS and GCS were stronger predictors of
ARDS development than BAC.

Controlled experimental and epidemiological studies have shown alcohol exposure can
increase the severity of injury*8. Epidemiologic studies that adjusted for injury severity in
their analyses of outcomes from acute alcohol exposure may have obscured the association
of mortality and other outcomes with BAC28-30 by overadjustment3!. We showed an
increased risk for ARDS development from BAC >0 mg/dL after adjusting for
characteristics that were present prior to alcohol ingestion. Experimental studies with
investigator control of injury severity are needed to better define the roles of acute alcohol
exposure and trauma in the etiology of ARDS (Figure 2).

ISS is a useful and commonly-applied measure of trauma severity. Previously, trauma
severity has been identified as a risk factor for ARDS, with higher ISS placing patients at
greater risk!8. In studying the association of BAC >0 mg/dL with clinical outcomes in
trauma patients, it is important to recognize that injury temporally occurs after alcohol
ingestion but previous epidemiologic studies adjusted for injury severity in their analyses,
which may account for differing results in mortality risk,28:30. In our analysis, BAC >0
mg/dL increased the risk for ISS =16, but it had little effect on the development of ARDS in
patients with high ISS. We found a high risk for ARDS development in patients with high
ISS regardless of alcohol exposure. We also found serious chest trauma contributed to high
ISS scores and was present in nearly two-thirds of the ARDS cases in our cohort. Serious
chest trauma makes a strong contribution to ARDS development and can be used to predict
ARDS development32. Pulmonary contusions of at least 20% of the chest have been
associated with serious chest trauma, placing patients at-risk for ARDS2,

Similar to high 1SS, BAC >0 mg/dL had little effect on the role of low GCS in ARDS
development. Traumatic brain injury is one source of neurogenic ARDS not associated with
other injury?’. Although GCS and head/neck injury are the two most widely used clinical
markers to assess traumatic brain injury, they are poorly correlated33. We found severe
head/neck injury was strongly associated with a depressed sensorium (low GCS) but not all
patients with a low GCS that developed ARDS had severe head/neck injury. Our findings
are inconclusive as to whether severe head/neck injury made a difference in ARDS
development in combination with depressed sensorium (low GCS). Among patients with
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clear sensorium (high GCS,) severe head/neck injury appears to add some risk for ARDS
development. A depressed sensorium (low GCS) on admission may entail some risk for
ARDS that does not derive from high ISS or severe head/neck injury.

The greatest risk for ARDS development occurs in patients with high ISS and low GCS.
Patients admitted with severe injury (high 1SS) and a depressed sensorium (low GCS) are
more likely to experience ARDS or die than not, regardless of BAC level. Patients with a
low ISS and a clear sensorium (high GCS)--who comprise the majority-- are unlikely to die
or experience ARDS in the first five days of their hospital course.

It is difficult to parse alcohol’s direct pathophysiologic effects in the injured patient. Murine
models have demonstrated that alcohol can impair pathogen clearance and alter lung
inflammation after toxin exposure, via effects on neutrophil and alveolar macrophage
recruitment and function34:35, These murine studies focused on isolated components of host
defense during the immediate post injury period3®. In a human study of trauma patients,
alcohol-intoxicated trauma patients (excluding chronic alcoholics) had attenuation in
immune response in the first several days after injury and an augmented immune response
more than nine days after injury3®.

One mechanism for ARDS development associated with depressed sensorium or alcohol
exposure may be pulmonary aspiration syndromes3’, which we did not capture in our data.
We did exclude conditions that may lead to aspiration and ARDS development such as
inhalational injuries, burns, and drownings38:39. We also excluded patients with isolated and
serious TBI so we may address the effects of BAC on ARDS risk without entirely separate
TBI effects.

Some factors for ARDS development produced different results in our cohort than
previously reported. Prior studies showed chronic alcohol use was a positive risk factor for
ARDS development in mixed ICU and medical ICU patients-2. The frequency of chronic
alcohol use in our cohort was lower than others observed® and it was protective for ARDS
development. Interaction of BAC >0 mg/dL and chronic alcohol use was present and was
protective for ARDS development but we could not discern the reason in our data.
Decreased risk for ARDS development from tobacco use was also shown whereas in another
trauma cohort the risk was increased?’. Chronic alcohol use is best measured with a
validated questionnaire and tobacco use with plasma cotinine levels227. Our trauma registry
utilized attending physician notes; explanations for differing results require more rigorous
methods. Given the deleterious biological effects of chronic alcohol use3, a next step would
be to better quantify the relationships among chronic alcohol use and acute alcohol exposure
on trauma patient outcomes.

Though a single center, R. Adams Cowley Shock Trauma Center is a regional trauma
referral center for the State of Maryland. The volume and characteristics of the center’s
patients is comparable to patients treated in multiple trauma centers throughout the United
States*0. The ARDS case-rate in our statewide referral trauma center is similar to previously
reported regional and national rates'#1°,
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Nearly all our patients had BAC recorded and those with missing BAC had a similar case-
rate for ARDS development to the rest of the patients suggesting missing BAC values were
not selected for occurrence of ARDS. We chose a dichotomous exposure with BAC as our
primary analysis to reduce the influence of variations in transit time from injury scene to the
trauma resuscitation unit. Medevac systems customarily provide fluid resuscitation en route
that may alter admission BAC levels too. Time from injury to admission may have allowed
clearance of low levels of BAC resulting in some alcohol exposed patients being counted as
BAC negative and led us to underestimate the association with ARDS.

Patients missing ISS scores probably had low scores; nearly all those patients were without
ARDS, discharged alive and would not have changed our results. Our cohort’s large size,
wide distribution of age (including many younger individuals), and low rate of comorbidities
offer a clearer picture of the relationship between elevated BAC and outcomes than other
investigators may have been able to capture. We believe these features mitigate limitations,
and we would apply our conclusions widely.

CONCLUSION

Elevated BAC is associated with ARDS development. BAC >0 mg/dL is associated also
with severe injury (high ISS) and depressed sensorium (low GCS). Patients admitted with
high ISS and low GCS are more likely than not to experience ARDS or die. Elevated BAC
may increase the frequency of ARDS through influence on injury severity or independent
molecular mechanisms which can be discriminated only in experimental models. High ISS
and low GCS scores may be useful to identify patients at high risk for ARDS development.
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Shock Trauma Registry (STR) +
University of Maryland Medical System
(UMMS) 7/11/2003 — 10/31/2011
(40,155)

N=1,419
+ Removed duplicate medical record numbers (609)

¢ Less than 16 years of age (810)

STR + UMMS Administrative data (38,736)

N=10,054
»/ ¢ No matching chest radiograph reports

from UMMS clinical data repository
(CDR)

STR + UMMS Administrative data + CDR (28,682)
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N=1,641

A 4

+ Isolated serious or greater TBI (1,250)
+ Inhalational, burn, and near drowning injuries (391)

A 4

STR + UMMS Administrative data + CDR (27,041)

N=736

A

Y

+ Missing Blood Alcohol Content (2.7%)

Shock Trauma Study Cohort (26,305)

A

+ 566 cases from automated screening algorithm

+ 480 cases from chart review of incomplete qualifying
keywords in chest radiograph

+ 401 cases from chart review of missing arterial blood
gas data and/or fraction of inspired oxygen data

A4
No ARDS*
(24,858)
Figure 1.
CONSORT Diagram

v

ARDS'
(1,447)

11441 cases of ARDS in patients with Injury Severity Scores

+ 24,131 cases without ARDS in

patients with Injury Severity Scores
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Association between Exposure, Intermediate
Outcomes, and Primary Outcome

A. Injury

Alcohol ————> ARDS

26,305 patients at Shock Trauma

\ 4

B ISS 2 16

Odds Ratio: 1.17 Odds Ratio: 19

BAC >0 ———> ARDS
Odds Ratio:ﬁ GCS s 84Ratio:9
Figure 2.

A. Primary exposure of alcohol is temporally associated and occurs prior to injury which is
an intermediate outcome prior to ARDS development. Alcohol may have a direct
relationship with ARDS development also. B. Unadjusted analyses from Shock Trauma
Registry showing association between the primary exposure blood alcohol content with the
intermediate outcomes ISS and GCS. The question of direct association of BAC with ARDS
development cannot be answered without the ability to control the risk factors independently
of each other.
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Table 3

Patient Outcomes during First 5 Days of Hospitalization for Dichotomous BAC by GCS/ISS Strata (GCS Low
=<8, ISS High = =16; n=25,572)

BAC
0 mg/dL >0 mg/dL Total

GCS_Low/1SS_High

ARDS  252(355) 154(30.8) 406 (33.6)
Dead without ARDS ~ 195(27.5)  104(20.8) 299 (24.7)
Alive without ARDS 263 (37.0) 242 (484) 505 (41.7)

710 (58.7) 500 (41.3) 1210 (4.7)
GCS_High/ISS_High

ARDS  586(150) 229 (14.8) 815 (15.0)
Dead without ARDS 69 (1.8) 14 (0.9) 83 (1.5)
Alive without ARDS 3248 (83.2) 1304 (84.3) 4552 (83.5)

3903 (71.6) 1547 (28.4) 5450 (21.3)
GCS_Low/ISS_Low

ARDS 13 (10.4) 9 (5.4) 22 (7.6)
Dead without ARDS 6 (4.8) 0(0.0) 6 (2.0)
Alive without ARDS 106 (84.8) 157 (94.6) 263 (90.4)

125 (43.0) 166 (57.0) 291 (1.1)
GCS_High/1SS_Low

ARDS 155 (1.1) 43(0.9) 198 (1.0)
Dead without ARDS 14 (0.1) 1(0.0) 15 (0.1)
Alive without ARDS 13427 (98.8) 4981 (99.1) 18408 (98.9)

13596 (73.0) 5025 (27.0) 18621 (72.9)
TOTAL

ARDS 1006 (55)  435(6.0) 1441 (5.6)
Dead without ARDS 284(15) 119 (L6) 403 (1.6)
Alive without ARDS ~ 17044 (93.0) 6684 (92.4) 23728 (92.8)

18334 (71.7) 7238 (28.3) 25572

BAC = blood alcohol content; ARDS = acute respiratory distress syndrome; 1SS = Injury Severity Score; GCS = Glasgow Coma Score
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