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Abstract

Background—The association of alcohol use with in-hospital trauma deaths remains unclear.
This study identifies the association of blood alcohol content with in-hospital death accounting for
injury severity and mechanism.

Methods—Historical cohort of 46,222 admissions to a statewide trauma center between January
1, 2002 and October 31, 2011. Blood alcohol was evaluated as an ordinal variable: 1-100 mg/dL
as moderate blood alcohol, 101-230 mg/dL as high blood alcohol, and >230 mg/dL as very high
blood alcohol.

Results—Blood alcohol was recorded in 44,502 (96.3%) of patients. Moderate blood alcohol
was associated with an increased odds for both penetrating mechanism (Odds Ratio 2.22; 95% ClI
2.04-2.42) and severe injury (Odds Ratio 1.25; 95% CI 1.16-1.35). Very high blood alcohol had a
decreased odds for penetrating mechanism (Odds Ratio 0.75; 95% CI 0.67-0.85) compared to the
undetectable blood alcohol group. An inverse U-shaped association was shown for severe injury
and penetrating mechanism by alcohol group (p<0.001). Moderate blood alcohol had an increased
odds for in-hospital death (Odds Ratio 1.50; 95% CI 1.25-1.79), and the odds decreased for very
high blood alcohol (Odds Ratio 0.69; 95% CI 0.54-0.87). An inverse U-shaped association was
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also shown for in-hospital death by alcohol group (p<0.001). Model discrimination for in-hospital
death had an area under the curve receiver operating characteristic of 0.64 (95% CI 0.63-0.65).

Conclusions—Injury severity and mechanism are strong intermediate outcomes between
alcohol and death. Severe injury itself carried the greatest odds for death, and with the moderate
BAC group at greatest odds for severe injury and the very high BAC group at the lowest odds for
severe injury. The result was a similar inverse-U shaped curve for odds for in-hospital death. Clear
associations between blood alcohol and in-hospital death cannot be analyzed without
consideration for the different injuries by blood alcohol groups.

Level of Evidence—Level 1l|
Study Type—Epidemiological

Keywords
In-Hospital Death; Trauma Severity Indices; Ethanol; Alcohol Drinking

INTRODUCTION

Excessive alcohol consumption accounts for 1 in 10 deaths including unintentional injuries
in working-age adults in the United States?. Excessive alcohol, as defined by the Center for
Disease Control and National Institute on Alcohol Abuse and Alcoholism, identifies harmful
patterns of alcohol consumption?. Two-thirds of trauma patients with elevated blood alcohol
content (BAC) can be classified as excessive alcohol consumers? and nearly 33% (range 26—
62%) of trauma patients have an elevated BAC at time of trauma admission*~.
Epidemiologic studies have examined the association of an elevated BAC with in-hospital
mortality; however, results are mixed showing both positive and negative associations 4 /-9
which may be due to inadequate methods to parse out the association of alcohol from injury
on outcomes?0.

Traditionally, studies addressing the relationship of alcohol, injury, and death have adjusted
for injury® 7- 1112 thus introducing bias. In a study using data from the Illinois state
registry, adjusted results showed a decreased odds for death after alcohol exposure in a dose-
dependent manner’. Another retrospective study identified a decreased odds for death in
trauma patients compared to their sober counterparts after adjusting for injury severity and
mechanism of injury®. However alcohol ingestion precedes injury, and thus injury is in the
causal pathway of death. Because alcohol ingestion could both predispose individuals to
injury and influence the type of injury, adjustment for it is likely to introduce an
overadjustment bias'3 14, Additionally, many studies examining alcohol’s association with
mortality have suffered high proportions of missing alcohol information including some as
high as 70% from state-level trauma databanks, and they did not address the case mix of
injuries that can occur at different blood alcohol levels’: 1516, Consequently, studies
assessing the association of alcohol exposure with injury have found contradictory

results’: 1217,

Using a unique cohort of patients from a statewide referral trauma center with routine,
universal BAC testing, this study evaluated the relationship of BAC categories with in-
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hospital death. Medical examiner data was incorporated for missing alcohol information
from the trauma center. Injury was assessed as an intermediate outcome and in relationship
to in-hospital death. The hypothesis was ordinal BAC categories characterized patients’
injuries differently and had different odds for in-hospital death.

METHODS

Environment

A historical cohort of patients admitted from the injury scene to the R. Adams Cowley
Shock Trauma Center (STC) at the University of Maryland Medical Center between January
1, 2002 and October 31, 2011. All trauma admissions arrived via ambulance or medevac
directly to STC, which is separate from the Emergency Department. Blood alcohol content
was routinely measured with initial admission laboratory studies on all patients. Re-
admissions and transfers to STC were excluded.

Definition of exposure and outcomes for analysis

Consistent with prior studies, BAC 1-100 mg/dL was defined as moderate BAC, 101-230
mg/dL as high BAC, and >230 mg/dL as very high BAC® 18.19_ Serious injury was defined
by an injury severity score (ISS) 1620, Mechanism of injury was dichotomized to
penetrating versus non-penetrating in logistic regression?!. Hypotension was defined as a
mean arterial pressure <65 mmHg?2. Shock index (systolic blood pressure/heart rate) was
dichotomized to =1 or <1. In-hospital death is a dichotomous outcome.

Missing Data

Among patients who died after arrival to the trauma center, BAC was available in the
trauma registry for 1422/2062 (68.8%). The large majority of missing BAC (460/640)
occurred in patients who did not have any laboratory data collected because they were
pronounced dead soon after arrival and became medical examiner cases. The proportion of
missing alcohol laboratory data was reduced by retrieving postmortem alcohol testing on
these patients from the State of Maryland Office of the Medical Examiner in 74% (474/640)
of deaths in which BAC values were missing. After retrieving postmortem alcohol levels
from the medical examiner, the proportion of alcohol testing in dead patients improved to
92.0% (1896/2062). Because of the low proportion of missing information, cases without
admission BAC and demographics were excluded in the analysis of in-hospital death, and
cases without injury severity scores were excluded in the analysis of injury.

The characteristics of the analysis cohort were very similar to the full STC cohort
(Supplemental Table 1 and Supplemental Table 2). Of the 1720 (3.7%) patients with missing
BAC values, 1330 (77.3%) were discharged home, 213 (12.4%) were discharged to acute
and chronic care facilities, 11 (0.01%) left against medical advice or into custody, and 166
(9.6%) died. Of the 1255 (2.8%) patients with missing ISS, 1128 (89.9%) were discharged
home, 121 (9.6%) were discharged to acute and chronic care facilities, and 6 (0.5%) died.
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Analytic Approach

Patients 16—21 years old were included in the analysis as 2097/8933 (23.5%) had BAC >0
mg/dL. The primary outcome was in-hospital death. Alcohol exposure was evaluated in our
primary analysis in four ordered BAC categories. Severe injury and mechanism of injury
(penetrating versus blunt) were outcomes of alcohol that were assessed dichotomously?2°.

Baseline characteristics were presented as medians with interquartile ranges. Unadjusted
comparisons of two or more proportions were performed using a chi-square test or Fisher’s
exact test and continuous variables were performed using the Kruskal-Wallis one-way
analysis of variance. Both unadjusted and adjusted analyses were performed with logistic
regression model. Covariates included in the model for adjustment were age and sex. These
were previously shown to be associated with in-hospital trauma deathl1: 23.24 [ ikelihood
ratio test was used for comparison of nested models and any covariates that did not cause a
significant change in the overall model were removed (p>0.05). Model performance was
measured with area under the curve receiver operating characteristics (AUROC). The simple
random sampling method in SAS was used to produce a sample size of 5,000 to test model
fit with the Hosmer-Lemeshow Goodness-of-Fit test. To test for significant trend between
moderate, high and very high BAC groups, linear and quadratic contrasts in the coefficients
corresponding to the variables representing the BAC groups were used. Analysis was
performed using SAS Version 9.4 (SAS Institute, Cary, NC). A p-value <0.05 was set for
statistical significance. 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.

RESULTS

BAC values were identified in 44,502/46,222 (96.3%) of the full STC cohort. Nearly all
patients with BAC values arrived by medevac or ambulance 43,746 (98.3%) with an
estimated time from injury to trauma center presentation of 54.6 (+41.4) minutes.
Demographics, intermediate outcomes, and outcomes for ordered categories of BAC are
shown in Table 1. The proportion of in-hospital deaths was 4.2% (1886).

Alcohol Exposure

Among the 12,535 (28.2%) patients with alcohol exposure, median BAC was 167 mg/dL
(IQR: 89.0-238.8 mg/dL). The characteristics associated with the moderate BAC group
included younger age and male gender. The very high BAC group was associated with older
patients. In addition, the very high BAC group had the strongest association with a reported
alcohol use disorder when compared to negative BAC group in unadjusted analysis (Odds
Ratio (OR) 24.8; 95% Confidence Interval (Cl) 22.4-27.6, p< 0.001) and adjusted analysis
(OR 24.6; 95% CI 22.1-27.3, p< 0.001) (Supplemental Table 3).

Alcohol and Injury

The mechanism of injury varied considerably by BAC group. The moderate BAC group had
the greatest proportion of penetrating injury (p<0.001), with assault by gunshot most
frequently encountered cause within this BAC group (N= 456, 49.2% of cases). The
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proportions of severe injury, penetrating mechanism, hypotension (MAP <65), and
pulselessness on arrival were greatest in this moderate BAC group compared to the other
groups (p<0.001). The very high BAC group had the greatest proportion of blunt injuries
(87.9%, 3060), and the lowest proportion of motor vehicle accidents (51.9%, 1588). The
proportion of assault/fights (17.7%, 541) and falls (26.7%, 816) was largest among the very
high BAC group.

In unadjusted analysis, moderate BAC was associated with an increased odds for penetrating
mechanism (OR 2.59; 95% CI 2.39-2.81; p<0.001) and severe injury (OR 1.23; 95% ClI
1.14-1.33, p<0.001). In contradistinction, the odds ratio was decreased for penetrating
mechanism (OR 0.86; 95% CI 0.77-0.97, p=0.01) and had no association for severe injury
(OR 1.02; 95% CI 0.94-1.11, p=0.65) in the very high BAC group. Test for quadratic trend
(inverse U-shaped curve) was significant in unadjusted analysis for severe injury and
penetrating injury (p<0.001). In adjusted analysis, the odds of the BAC groups for
penetrating mechanism or severe injury continued to have an inverse U-shaped curve
(Figures 1 and 2). AUROC for the outcome penetrating injury was 0.79 (95% CI 0.79-0.80),
and the Hosmer-Lemeshow test showed the model fit the data well (p=0.34).

Alcohol and In-hospital Death

The proportion of deaths was greatest in the moderate BAC group and lowest in the very
high BAC group (4.03% versus 1.15%, p<0.001). In unadjusted analysis, the moderate BAC
group had an increased odds for in-hospital death compared to negative BAC group (OR
1.42; 95% CI 1.23-1.65, p<0.001), and the odds was decreased for the very high BAC group
(OR 0.71; 95% CI 0.58-0.87, p<0.001). The increased odds for in-hospital death remained
in the moderate BAC group and the odds remained decreased for the very high BAC group
in adjusted analysis (Figure 3). Test for quadratic trend (inverse U-shaped curve) was
significant in unadjusted and adjusted analysis for in-hospital death (p<0.001). Similar to the
odds for penetrating mechanism and severe injury, an inverse U-shaped odds for in-hospital
death occurred across all BAC groups in both unadjusted and adjusted analysis (Figure 3).
Severe injury had the highest odds for in-hospital death (OR 49.3; 95% CI 40.5-60.0,
p<0.001) in adjusted analysis with baseline characteristics and injury mechanism included in
the model. Test for interaction showed neither injury mechanism nor injury severity
interacted with the alcohol groups in the analysis for inhospital death. AUROC for the
outcome in-hospital death was 0.64 (95% CI 0.63-0.65), and the Hosmer-Lemeshow test
showed the model fit the data well (p=0.86).

DISCUSSION

Injury mechanism and severity differed considerably by BAC groups. Alcohol exposure by
BAC groups was associated with both injury and in-hospital death in an inverse U-shaped
distribution. Previous studies have inappropriately reported protective effects from alcohol
and adjusted for injury whereas the results from this study examined injury mechanism and
severity separately as intermediate outcomes from alcohol exposure’ 2, In a previous
study, gunshot wounds had a three-fold higher proportion of deaths than stab wounds in a
large trauma cohort26. Similarly, the moderate BAC group in this study had the highest odds
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for in-hospital death with a greater proportion of penetrating injuries, mainly gunshot
wounds, than any other group. Severe injury itself carried the greatest odds for death, and
with the moderate BAC group at greatest odds for severe injury and the very high BAC
group at the lowest odds for severe injury, ISS likely was a contributing factor in the similar
results for in-hospital death by BAC group. Although it may appear that the very high
alcohol BAC patients are at lower odds for in-hospital death when compared to their
undetectable BAC counterparts, it is important to consider their odds for life threatening
injury is lower and a major determinant of death.

ISS is a commonly used metric of trauma severity and incorporated into analyses
investigating mortality20. However, it may not fully account for the amount of tissue
damage. Studies have shown including mechanism of injury (blunt and penetrating)
improved the analyses for mortality?”. 1SS and injury mechanism were analyzed separate
from BAC in association with inhospital death because ISS and injury mechanism occurred
after alcohol exposure as intermediate outcomes. The similar inverse U-shaped curves from
alcohol exposure on injury severity, injury mechanism, and in-hospital death made it
difficult to parse the effect of alcohol from injury on in-hospital death. Previous studies that
adjusted for ISS have shown a protective or negligible effect from BAC* 7- 917 These
epidemiologic studies adjusted for injury severity in their analyses of outcomes from acute
alcohol exposure and may have obscured the association of death with BAC: 12. 17 py
overadjustment!3. Experimental studies with investigator control of injury severity are
needed to better define the roles of alcohol, injury, and death.

BAC is an important biomarker for acute alcohol exposure but it does not characterize
drinkers who arrive with undetectable levels but have an alcohol use disorder or recently
binge drank. BAC characterizes alcohol use disorder better than other biomarkers like
carbohydrate-deficient transferrin (CDT)28, and our results showed categorizing BAC into
four groups revealed more information about possible drinking patterns than dichotomous
BAC’. Levels >230 mg/dL have been used to represent alcohol use disorder in other
studies?®. Over a quarter of our alcohol-positive patients arrived in the very high BAC group
(>230 mg/dL), and they had a strong association with a documented alcohol use disorder.
This cohort should be studied separately from other alcohol exposures because they had
different demographics, injury characteristics, and were more likely to arrive with a
survivable injury. This may explain other studies that showed this cohort at greater odds for
readmissions than undetectable BAC patients and intoxicated patients without an alcohol use
disorder 30. The differences between BAC groups in our cohort demonstrate the importance
of better characterizing drinking behaviors and their associated traumas for future studies.

The volume and characteristics of the center’s patients are comparable to patients treated in
multiple trauma centers throughout the United States?l. As with all hospital-based studies,
these results could be biased for all trauma deaths as these data did not include pre-hospital
deaths which may comprise a substantial proportion of all trauma deaths?. Although there
was less than 5% missing BAC, those without BAC information had a higher case-rate for
death which biased our results towards no effect from alcohol exposure as most these
patients died early and never had their blood drawn. In addition, while the admission BAC is
not representative of the BAC at time of injury, most of our patients arrived less than an
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hour after their injury, and thus our BAC measurement on admission closely approximates
the BAC at time of injury. Furthermore, nearly a quarter of dead patients had BAC
assessment from the medical examiner’s office which may have introduced variability in the
final BAC. Another limitation is the incompleteness of urine toxicology data and the results
did not account for co-substance use. Furthermore, model discrimination for the outcome in-
hospital death was poor. Future studies applying other methods such as mediation or
pathway analysis may better discriminate the relationship between alcohol exposure, injury,
and death. Our cohort’s large sample, near-complete BAC capture, and detailed injury
descriptions help to better understand the relationship between acute alcohol exposure,
injury, and death.

Different BAC groups are associated with very different types of injury, revealing an inverse
U-shaped association with injury and in-hospital death. Moderate BAC is associated with an
increased odds for penetrating mechanism, severe injury, and in-hospital death, while very
high BAC is associated with non-penetrating mechanism and non-severe injury. Clear
associations between BAC groups and death cannot be analyzed without consideration for
the different injuries by BAC group.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Odds Ratios for Penetrating Injury by BAC Group
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Points represent adjusted odds for each alcohol group with 95% confidence interval error

bars.

Adjusted for age and sex. Reference group is undetectable BAC (OR=1.0). P-value for

quadratic test for trend.
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Odds Ratio for In-Hospital Death
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N
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0.87

0.69
0.54
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Figure 3.
Odds Ratios for In-Hospital Death by BAC Group
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Points represent adjusted risk for each alcohol group with 95% confidence interval error

bars.

Adjusted for age and sex. Reference group is undetectable BAC (OR=1.0). P-value for

quadratic test for trend.

J Trauma Acute Care Surg. Author manuscript; available in PMC 2016 October 01.



Page 13

Afshar et al.

1000>  (00)0 00z T (€0) v0T (o) o1t PIRD DU0IUD
(zer) ey (Tv1) LLL (z'sT) 8¢5 (9'97) TOES (8'sT) 6802 aIeD ANy
(5'v8) Tv6eC (6'78) 60SY (5'82) 9812 (5'82) 22052 (r'62) €T€SE awoH
3NODLNO
1000>  (92-%'0)90 (9e-€0) L0 (8'€-2'0) 90 (ze-z0)s0 (ze-z0)90 (sheq) Aeys o yibua
000> (0°0T) eve (¥'6) 215 (6'9) 808 (@8 evaz (9'8) 90L€ yanfur ureig opewnes)
1000>  (€TT) €6€ (8'6) 6€S (96) TvE (8'9) ¥S8T (0'2) LeTe (ssorewoD) 85509
1000>  (S'v2) ¢v8 (0'82) L15T (1'82) 626 (T've) 9sv. (e'v2) 06L0T (2e2ev=N) Aanlu| a10nes
1000>  (59) 92¢ (69) 62 (e9) 62 (8€) v1eT (9'v) 0g0C T 2 Xapul %o0ys
1000>  (70) ¥T (9°0) 5¢ (eT) v (9°0) €02 (20) 162 Lfunfur sjgeniinsun
1000>  (50) 8T (51) 58 (0°¢) 8ot (1) evy (5'7) v59 (98vvr=N) (ST10V) ssalasind
T000>  (£°€) ¥90T (9%) vSe (€9) Gez (e€) v90T1 (2€) 8991 59> dVIN
(z0)9 (To) L (zo)9 (z0)oL (z'0) 68 lay1o
(80) L2 (s0) 82 (60) 1€ (€1 vy (T'1) 005 uolereyu|
(To) v (To) e (To) e (00) 0T (00) 02 Buiumoiq reaN
(To)s (To) v (00t (To) e (T°0) e uing
1000> (00T Tov (Toe (006 (00) 9t uonsabul
(000 (c0)6 (z0)9 (z0)zs (z'0) 29 BuibueH
(z0) 2 (€0) 8T (z0) L (8°0) 72 (90) €22 uysnio
(Lor)zLe (1°87) 866 (T92) 926 (6'TT) €08€E (2€1) 6609 Bunensued
(6'28) 090 (508) eevy (€'22) 2952 (5'98) szelz (0'v8) s8¢.€ wnig
wsiueyas Aanfuj

JNODLNO FLVIAIWHILNI
1000>  (T€8) 268C (8'6L) v6EY (s20) 2sLe (099) z80TZ (002) ozTTE (orew) xas
T000>  (8v-92) L€ (rr-€2) 1€ (sv-22) 1€ (zg-€2) 9¢ (6v—€2) g€ (sreap) aby
SOIHdVYO0N3A

anfen-d  (z8ve) Ip/Bw ogg< UbIH A18A  (v0SS) 1P/Bw 0£2-TOT UBIH  (61/G€) TTP/B 0OT—T 83843POIN (LG6TE) 0 dlqeIdIepuUNn  (26vhY) 3oL

Author Manuscript

T alqel

Author Manuscript

Sawo09INQ pue salydesbowaqg

Author Manuscript

Author Manuscript

J Trauma Acute Care Surg. Author manuscript; available in PMC 2016 October 01.



Page 14

Afshar et al.

aleD oy wia | Buo/Auj1oed BuisinN pajIxs :a1ed o_:oEoH

"safeyusosad yim sisquinu se pajussald ale sanfen [eatioBeyes pue ‘saBuel ajienbigiul yim suelpaiu se pajussaid aJe sanfea snonunuoD

urelq 1oy ¢ < 8109s Ainfur pajeinaiqqe = Ainfug uresg o:mc\_:m:#

uoiBaJ o1wojeue Aue 1oy (3jgealAInsun) 9 Jo a109s Ainful pareinsiqge = Ainful sjgqeAininsun
*

ainssaid pooj|q [elialie Ueaw = 4N ‘81098 Alanss Ainfu] = SS| (9109S ewo) mobse| = SO9

(1°¢) 20T
(CXORA

(2€) 2oz
(€0 vT

(0'9) z12 (e'7) S9¢T (z'7) 9881 yresp [endsoy-uj
(€06 (e0)orT (€0) v¥1T 1Byo

anjeA-d  (z8re) 1p/bw ogz< ubiH A1spn

(#05S) 1p/Bw 0€Z-TOT YBIH

(675€) 1p/Bw 00T-T 8¥eU9PON  (£G6TE) 0 8|qeIdalepun  (g6viry) eoL

Author Manuscript

Author Manuscript Author Manuscript Author Manuscript

J Trauma Acute Care Surg. Author manuscript; available in PMC 2016 October 01.



