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Abstract

Elevated blood alcohol content (BAC) on admission is associated with poorer outcomes, larger
burns and more inhalation injury. This study’s purpose was to examine the effects of alcohol
through a matched case-controlled study, measuring early and extended markers of clinical
outcomes. The hypothesis was that patients with an elevated admission BAC would require more
resuscitation and have a longer hospital stay. Admissions 16 to 75 years of age with 15 to 75%
TBSA and admission BACs were identified. Patients with BAC >30 mg/dl (BAC+, cases) were
matched with patients with undetectable BAC (BAC—, controls), according to age, sex, TBSA,
inhalation injury and mechanism. Screening identified 258 patients, 146 with admission BACs.
Twenty-seven had a BAC > 30 mg/dl. There were 24 matched pairs. At 24 hours, BAC+ group
had larger acute physiology and chronic health evaluation Il scores (23.33 vs 18.75, P < .05), fluid
requirements (5.25 vs 3.82 L (cc/kg/ TBSA), P < .05), and base deficit (11.15 vs 7.15, P <.05).
The duration of mechanical ventilation (14.85 vs 4.23 days, P < .05), intensive care unit length of
stay (22.85 vs 9.38, P <.05), hospital length of stay (28.95 vs 15.68, P < .05), and mean hospital
charges ($239,507 vs $144,598, P < .05) were increased in the BAC+ patients. Despite matched
baseline injury characteristics, elevated BAC was associated with poorer short term and extended
clinical outcomes, illustrating the impact of alcohol intoxication on physiologic derangement after
burn injury.

It is well recognized that alcohol intoxication is a significant etiologic risk factor for
traumatic and burn injury. Of the 100,000 patients hospitalized each year for burn injury, it
is estimated that upwards of 50% of adult patients have significant levels of alcohol in their
blood at the time of injury.1:2 In addition to alcohol ingestion being a risk factor for burn
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injury, having an elevated blood alcohol content (BAC) at the time of injury is also a risk
factor for increased morbidity and mortality during hospitalization.35 Retrospective studies
have shown that patients who were intoxicated at the time of burn injury are more difficult
to resuscitate with more hypotension as well as increases in the number of operative
interventions and infectious complications.6:7 However, some studies have also shown that
intoxicated patients are more likely to have more severe injuries: larger, deeper burns, and
more inhalation injury,”+8 so one could consider the more difficult resuscitation and
increased complication rate to be attributable to the higher injury severity.

Hence, the purpose of this study was to elucidate whether these differences were due to
alcohol exposure or to injury severity through a retrospective matched case— control study.
We hypothesized that patients with an elevated BAC at the time of injury would require
more resuscitation, measured by fluid requirement, base deficit and Acute Physiology and
Chronic Health Evaluation score (Apache 1), critical care and longer hospital stays.

Burn intensive care unit (ICU) admission records from September 2001 to September 2006
were reviewed. To limit bias, reviewers conducting the screening were blinded to BAC and
outcomes.

Inclusion Criteria

The burn registry and electronic medical records were studied to identify patients 16 to 75
years of age with burn injuries ranging between 15 and 75% TBSA. Upper and lower limits
were placed on the size of the burn to highlight a population with an injury large enough to
lead to sequelae from that injury but would also be a survivable injury. BAC was performed
at the time of admission to the Burn ICU or by the referring hospital; the earliest
documented BAC was recorded. It is burn ICU policy to document BAC on all nonpediatric
admissions. All patients in the BAC- group had no alcohol detected. In order to ensure that
the BAC would remain positive for the first few hours of hospitalization, a minimum level
of 30 mg/dl was established for the cases prior to matching. Cases with alcohol levels
greater than 30 mg/dl (BAC+, cases) were matched with patients with undetectable alcohol
levels (BAC—, controls) according to age, sex, burn size, presence of inhalation injury and
mechanism of burn injury (flame, scald, chemical, or electric). To limit bias, matching was
also conducted in a blinded fashion without knowledge of clinical outcomes (Table 1).

Exclusion Criteria

Patients without a recorded BAC were excluded from the study. Patients with documented
comorbidities secondary to prolonged alcohol abuse (eg, portal hypertension, liver failure,
esophageal varices) were also disqualified.

Baseline Characteristics

Determination of TBSA was made by the evaluating physicians using an adult Lund and
Browder diagram. 910 The diagnosis of inhalation injury was made by bronchoscopic
visualization, performed on all intubated patients by the attending staff within the first 24
hours after admission. The data were tabulated as either presence or absence of inhalation
injury.

Clinical Outcomes

To identify a difficult resuscitation we used fluid requirement, base deficit and the Apache
I1; scores were retrospectively calculated for the first 24 hours after injury.6 The acute
physiology element of the Apache 11 score is comprised of weighted elements representing
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the major organ systems: age, Glasgow Coma Scale score, mean arterial pressure, partial
pressure of oxygen, white blood count, hematocrit, core temperature, heart rate, respiratory
rate, pH, creatinine, sodium, and potassium. Fluid resuscitation was started according to the
Parkland formulal1+12 and then bolused as required guided by the clinical indicators of
shock: blood pressure and urine output.12 None of the patients carried a diagnosis of
alcoholism as one of their chronic diseases therefore none of the Apache Il scores included
alcoholism in the chronic disease assessment. The 24-hour fluid requirements were
determined by including all prehospital, referring hospital, and transport fluids. The 24-hour
fluid total was normalized to the patients’ weight and burn size (cc/kg/TBSA) for analysis.
The clinical outcomes analyzed are shown in Table 2.

Statistical Analysis

RESULTS

Data were tabulated and analyzed using SPSS statistical software (version 13.0 for
Windows, SPSS Inc.). Normally distributed outcomes were analyzed using paired t-tests.
The Wilcoxon’s rank-sum test was used for paired outcomes that were not normally
distributed. The Chi-square test was used for nominal data such as ventilator requirement on
admission and mortality.

By screening the Burn ICU admission logs for patients age 16 to 75 and with TBSA ranging
from 15 to 75%, 258 patients were identified. There were 146 patients with documentation
of a BAC drawn at the time of admission or prior to transfer. There were 33 patients with
positive BAC and 113 patients with an undetectable BAC. Six patients were below 30 mg/dI
and two BAC+ patients did not have a successful BAC— match due to mechanism and
inhalation injury. One patient was excluded due to severe alcoholic liver disease. There were
24 successful matches (Figure 1). The positive BACs ranged from 30 to 358 with a mean of
150.6 + 82.2. The patients were closely matched without any statistical differences in the
factors used as matching criteria (Table 1). The average Baux score (age + TBSA), for the
BAC+ group was 67.4 = 20.2 vs 66.4 £ 18.7 in the BAC— group. There was no statistical
difference in the Baux score for the two groups, indicating that both groups had the same
predicted mortality.13:14

Table 3 shows the results from early clinical outcomes. The Apache Il score, the 24-hour
worst base deficit, and the 24-hour fluid requirement were found to be significantly
different. Extended clinical outcomes are in Table 4. The BAC+ patients had on average
more ventilator days, longer length of stay and higher hospital charges. Although the crude
mortality rate of BAC+ patients appeared double that of BAC— patients, the difference was
not statistically significant. The average increase in hospital stay was 13 days with an
increased average charge of $94,909, approximately 66% more than BAC— patients.

DISCUSSION

The presence of elevated BAC was associated with notable changes in both early and
extended clinical outcomes in patients closely matched for age, sex, burn size, burn
mechanism, and inhalation injury. From our review of the literature, there have been no
studies in burn patients matching for injury severity to examine the physiologic differences
after the combined insult of alcohol intoxication and burn injury. We chose not to look at the
presence of other drugs. Based on findings from our institution!® and others, 16 there is
evidence that other drugs do not have an appreciable effect on clinical outcomes and are not
a significant predictor of death in burn patients.
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One of the major limitations of the study is the lack of information regarding the acute or
chronic nature of the patients’ alcohol use. From the medical records, there was no way to
elicit if the patients are more likely to be acute binge drinkers or chronic dependent drinkers.
In future studies, using our ongoing screening with the Alcohol Use Disorders Identification
Test (AUDIT), we will be able to better assess the presence and severity of alcohol use
disorders, in burn patients with positive BAC.8The AUDIT could also be used to
differentiate between the impact of heavy sustained alcohol use and episodic drinking; as the
AUDIT is quantitative, the scores could be statistically compared with clinical outcomes.
Another potential limitation of this study is that we did not collect information on time from
injury to burn center resuscitation. However, while the issue of long-distance transfer has
been an concern in the past, emergency medical systems have improved and removed some
of the impact of transport on outcomes and mortality in burn patients.17:18 Unfortunately,
data on time from injury to BAC measurement was not readily available. It is true that some
patients who had an undetectable BAC may have had alcohol in their system at the time of
injury, leading to misclassification as controls or omission as cases. To prevent some of this,
we chose a BAC threshold of 30 mg/dl to ensure that the patients would continue to have
alcohol present during the first few hours of hospitalization and to test the effect of alcohol
on resuscitation. In our small study population, it was necessary to analyze alcohol exposure
as an all or none phenomenon, not in a dose-response manner. The number of outcomes
chosen also limits the study. Additional clinical outcomes would be interesting to review, for
example, number of operations and types of interventions as well as time to healing,
infectious complications (eg, ventilator associated pneumonia, cellulites, etc.) and discharge
status (eg, home, acute rehabilitation facility, nursing home). In this study population, we
considered correlating alcohol exposure with biomarkers of nutritional status, as this can
influence outcomes, but too many of these data were missing for successful analysis.
However, nutritional aspects of our burn service are guided by strict protocols. The same
dietitian follows all patients with uniform goals driving their care.

More information is required to examine the demographics of alcohol consumption in the
burn population in order to tailor therapies as well as to study clinical outcomes more
thoroughly. We can, however, extrapolate from the research in the trauma population,
showing that most patients who drink are binge, or heavy episodic drinkers and a smaller
percentage are dependent drinkers.19:20 Though these data are highly variable by institution,
this gives some indication that our patients are more likely to be acutely intoxicated and not
dependent drinkers. However, we can definitively conclude that routine BAC testing is an
essential part of the initial assessment of burn patients as they are a group at high risk for
complications associated with alcohol intoxication.

Correlating our findings with prior clinical studies in burn patients, others have shown a 2-
to 6-fold increase in mortality in burn patients with who consumed alcohol prior to
sustaining their injuries.1>21 Although in our study the clinical effects of elevated BAC
were readily apparent in multiple clinical outcomes, the crude mortality was not statistically
different. Though there was an apparent 100% increased in the number of deaths in the BAC
+ group, the study population is too small and underpowered to show statistical significance
with respect to crude mortality. However, as our clinical findings are consistent with others
we can predict that there would likely be differences in mortality in larger study populations.

The differences in the Apache Il score, 24-hour fluid requirements, and base deficit suggest
an early acting mechanism of physiologic impairment. This is most likely secondary to
further exacerbation of the already substantial inflammatory response to burn injury. 22:23
Moreover, the fact that these early clinical outcomes were significantly different in this
limited number of paired samples demonstrates a more profound influence of ethanol
exposure than previously demonstrated. The finding that early physiologic changes occurred
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in association with alterations in the extended outcomes, such as ventilator time and hospital
length of stay, suggests a prolonged systemic response to the alcohol insult and the
involvement of multiple systems. The current experimental research paradigm using rodent
models of alcohol exposure and burn injury demonstrate aberrant inflammatory and immune
responses that results in an increased susceptibility to infections, sepsis, and wound healing
complications.”24 Due to the complexity of the host response to burn injury and the lack of
clinical correlation with existing laboratory studies, the underlying mechanism of action of
alcohol’s effects on inflammatory and immune function in burn patients remains unclear.
That alcohol exposure contributes to immune suppression is well supported by animal
models in which burn size and depth, alcohol exposure, subject age, sex and experimental
conditions are well controlled. Studies utilizing rodent models of burn injury demonstrate
that alcohol exposure magnifies the burn-induced impairment of immune function resulting
in impaired gut barrier function,2> macrophage function,26:27 T-cell function,?8 and
angiogenesis, 29 in addition to aberrant production of pro-inflammatory cytokines,3? and
increased susceptibility to infection.26:31,32

Examining the considerable differences in increased ventilator days and length of stay, the
data strongly support a clinical picture of a more severe pulmonary insult in the intoxicated
cases. Other clinical studies have also documented increased pulmonary complications, like
pneumonia.l® The experimental work on the pulmonary complications of alcohol and burn
injury relates mostly to pulmonary edema and increased vascular permeability.31:33:34
Looking at these factors in combination, the intoxicated burn patient presents a complicated
clinical balance. Similar to trauma patients with pulmonary contusions, it would seem that
the goal would be to maintain a conservative fluid resuscitation strategy in intoxicated burn
patients. However, the early increased fluid requirement of intoxicated burn patients makes
this a difficult equilibrium. A larger study utilizing prospective data collection and
translational studies for correlation with data from animal models is clearly necessary to
clarify the pathways and mechanisms responsible for the observed pulmonary morbidity. In
conclusion, this study adds to the body of literature showing that alcohol intoxication is not
only a risk factor for injury and increased injury severity, but also plays a role in the
physiologic response surrounding burn injury.

CONCLUSION

In this retrospective case— control study, the presence of a positive BAC on admission was
associated with early physiologic impairment leading to later morbidity. The increased
ventilator time and length of stay were substantial and led to increased hospital charges in
the surviving patients. The mechanisms responsible for the early and late effects of ethanol
require further study utilizing a translational approach with a prospective sampling and data
collection protocol. This study demonstrates the need for additional prospective study and
the potential value of new information that would lead to new and improved patient
management strategies.
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|
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Figure 1.
Consort diagram showing the final number of case— control pairs after screening and
application of inclusion and exclusion criteria.
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Table 1

Pairwise comparison of matched patients on baseline characteristics

BAC— BAC+
(n=24) (n=24) [

Mean BAC (mg/dl)

Mean patient age (yr)

Sex %

F% (n)

M % (n)
Mean TBSA %

Inhalation injury % (n)

Mechanism %
Scald % (n)
Flame % (n)

Mean baux score
(Age + TBSA)

0 150 <.05
37.1 38.3 NS

8(2 174 Ns
92(22) 83(20) NS
29.3 2917 NS
42/(10)  42(10) NS

4(1) 4(1) NS
96(23) 96(23) NS
66.4 674 NS
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Table 2

Table of measured outcomes

Short Term Outcomes™  Extended Outcomes

Mechanical ventilation Ventilator days

Apache Il Total blood transfusions
Highest A-a gradient Burn ICU days

Lowest PaO,:FiO, ratio Hospital length of stay
Worst base deficit Hospital charges

Fluid requirements Mortality

*
Outcomes measured from the first 24 hours after injury.
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Table 3
Comparison of early clinical outcomes

BAC- BAC+ P  Statistic
Mechanical ventilation™ % (n) ~ 50(12) 75(18) NS Chi-square
Apache Il score™ 1875 2333 <05 Pairedt
Highest A-a gradient 347.67 3885 NS Wilcoxon
Lowest PaO,:FiO, ratio’ 21527 20372 NS  Wilcoxon
Worst base deficit’ 7.15 1115 <.05 Pairedt

525 <05 Pairedt

24 hr fluids [co/kg/TBSA] (L) 382

Statistical analysis of outcomes derived from the first 24 hours after injury.

*
Comparison for all 24 pairs.

TData are for intubated patients only 13 pairs, as these were the only patients on whom arterial blood gas analysis was obtained.
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Table 4

Analysis of late clinical outcomes in matched pairs

BAC- BAC+ P Statistic
Ventilator days ™ 4.23 1485 <05 Pairedt
Total blood transfusions’ 7.33 5.79 NS  ANOVA
Burn ICU days* 9.38 2285 <05 Pairedt
Length of stay™ 15.68 28.95 <05 Pairedt
Hospital chargest8 $144,598  $239,507 <.05 Pairedt
Mortality%! (n) 8(2) 16(4) NS  Chi-square

*
Thirteen pairs were compared.

TComparison of 24 pairs

iAnaIysis includes patients alive until discharge. Nineteen pairs were compared.

§Datat from the burn registry

J Burn Care Res. Author manuscript; available in PMC 2010 July 26.

Page 12



