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Abstract

Background: Excessive alcohol use is a risk factor for injury-related deaths. Postmortem blood 

samples are commonly used to approximate antemortem blood alcohol concentration (BAC) 

levels.

Objectives: To assess differences between antemortem and postmortem BACs among fatally 

injured adults admitted to one shock trauma center (STC).

Method: Fifty-two adult decedents (45 male, 7 female) admitted to a STC in Baltimore, 

Maryland during 2006–2016 were included. STC records were matched with records from 

Maryland’s Office of the Chief Medical Examiner (OCME). The antemortem and postmortem 

BAC distributions were compared. After stratifying by antemortem BACs <0.10 versus ≥0.10 

g/dL, differences in postmortem and antemortem BACs were plotted as a function of length of 

hospital stay.

Results: Among the 52 decedents, 22 died from transportation-related injuries, 20 died by 

homicide or intentional assault, and 10 died from other injuries. The median BAC antemortem was 

0.10 g/dL and postmortem was 0.06 g/dL. Thirty-one (59.6%) decedents had antemortem BACs 

≥0.08 g/dL versus 22 (42.3%) decedents using postmortem BACs. Postmortem BACs were lower 

than the antemortem BACs for 42 decedents, by an average of 0.07 g/dL. Postmortem BACs were 

higher than the antemortem BACs for 10 decedents, by an average of 0.06 g/dL.
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Conclusion: Postmortem BACs were generally lower than antemortem BACs for the fatally 

injured decedents in this study, though not consistently. More routine antemortem BAC testing, 

when possible, would improve the surveillance of alcohol involvement in injuries. The findings 

emphasize the usefulness of routine testing and recording of BACs in acute care facilities.
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Introduction

Excessive alcohol use is responsible for an average of 88,000 deaths each year in the 

United States and about 1,300 deaths each year in Maryland (1). Approximately half of 

these deaths are due to binge drinking (1). Binge drinking is defined as consuming 4 or 

more drinks on an occasion for women or 5 or more drinks on an occasion for men (with 

14 grams of alcohol in a standard drink) (2). Consuming this amount of alcohol on an 

occasion—usually defined as about 2 to 3 hours—generally raises a person’s blood alcohol 

concentration (BAC) to ≥0.08 g/dL. A BAC of ≥0.08 g/dL is used to define alcohol-impaired 

driving in all states except Utah, which recently lowered the BAC limit for defining alcohol-

impaired driving to ≥0.05 g/dL (3–4). Excessive alcohol consumption, particularly binge 

drinking, is a risk factor for fatal injuries, including those from motor vehicle crashes, falls, 

violence, homicide, and suicide (5–8). A dose-response relationship exists between alcohol 

consumption and injury severity, and the chance of injury-related death generally increases 

as the level of alcohol consumption increases (9).

Some studies have used postmortem BAC information to draw conclusions about 

antemortem BACs or the amount of alcohol consumed before an injury-related death (7–10). 

However, it is unclear whether postmortem BACs are a valid indicator for these conclusions. 

Antemortem and postmortem BACs might differ because of the metabolism of alcohol and 

other biological reasons (11), measurement issues and circumstances surrounding a death 

(e.g., environmental conditions and time elapsed between death and autopsy) (12), and 

administration of intravenous fluids and blood transfusions during trauma care (13).

Few studies have assessed differences in postmortem and antemortem BACs among injured 

decedents. One such retrospective study of 39 decedents who were admitted to a hospital 

and examined by the San Diego County Medical Examiner’s Office and who tested positive 

for alcohol found a high correlation between antemortem and postmortem BACs (14). The 

same antemortem blood sample was used to test each person’s BAC at two separate times—

in the hospital before death and then by the medical examiner’s office after death. When 

antemortem blood samples were tested for BAC after death, levels were an average of 

14% lower than the initial levels. In that study, data were collected from multiple hospital 

laboratories, introducing the potential for differences in antemortem BAC measurement 

methods and reducing standardization across decedents that would facilitate comparisons of 

changes in postmortem BACs relative to antemortem BACs.

When assessing the difference between postmortem and antemortem BACs, the likelihood 

of differences being attributable to having varying blood sampling collection methods would 
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be decreased if blood samples were collected from a single facility. Furthermore, less is 

known about how BAC levels change when toxicology tests are conducted on two different 

blood samples from the same decedent before and after death. Therefore, this study sought 

to assess differences between antemortem and postmortem BACs among fatally injured 

adults admitted to one shock trauma center (STC) in Maryland. It was hypothesized that 

postmortem BACs would generally be lower than antemortem BACs.

Methods

Setting and Study Population

The R Adams Cowley Shock Trauma Center, located at the University of Maryland in 

Baltimore, has approximately 8,000 admissions per year and conducts BAC tests on at 

least 95% of these admissions. The state’s Office of the Chief Medical Examiner (OCME) 

investigates unattended deaths (i.e., when a person dies alone) that occur in the state, as 

well as deaths that occur after a person arrives at an acute care facility if the underlying 

cause of death has not been determined by medical professionals. Eligible decedents for 

this study were adults age ≥18 years who were admitted to the STC during 2006–2016, 

died within 48 hours of arriving at the STC, and had toxicology data in their records. 

Because BACs measured from urine or vitreous are not comparable with BACs measured 

using blood samples, decedents with a recorded BAC from only urine or vitreous samples 

were not included in this analysis (15). Decedents’ STC records were matched with the 

associated OCME records, using a unique identification number for each decedent. The 

study was exempted from local Institutional Review Board approval because the study 

involved secondary data analysis of existing data, documents, records and specimens.

Among the 1,796 decedents identified through the STC records, 454 were matched with the 

OCME records (Figure 1). Common reasons for not matching included the decedent not 

having a case number reported from the OCME to the STC; the OCME not receiving records 

from the STC, so a unique identification number could not be assigned for linking the STC 

and OCME records; or the OCME declining to do a complete death investigation (such as if 

medical records were sufficient to identify cause of death). Among the 454 decedents in both 

the STC and the OCME records, 231 had BAC data recorded from both sources. Among 

those with recorded antemortem and postmortem BACs, 179 tested negative for alcohol 

(BAC=0.00 g/dL) and were excluded from the study. The final study sample included 52 

decedents with a positive BAC (>0.00 g/dL) recorded in the STC record and a matched 

OCME record.

Measures

Individual characteristics of the decedents (age, sex, race), length of hospital stay before 

death (hours), and cause of injury codes were extracted from the STC electronic medical 

record. The length of hospital stay before death is used as an approximate indicator 

of time elapsed between the antemortem blood sample and death because other data to 

inform the timing of the blood sample collections were not available. Causes of injury 

were categorized into three groups, using only the ICD-9-CM or ICD-10-CM codes in the 

decedents’ STC records that were applicable to the injuries incurred by the decedents in the 
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study sample. The following three cause of injury groups were created: 1) “transport-related 

injuries,” including injuries related to motor vehicles (traffic and nontraffic), pedestrians, 

and bicyclists (ICD-9-CM: E810–E819 and E820–E825 or ICD-10-CM: V00–V09, V10–

V19, V20–V29, V40–V49); 2) “homicide and intentional assault” (ICD-9-CM: E960–E969 

or ICD-10-CM: X92–Y09); and 3) “other,” including intentional self-harm or suicide 

(ICD-9-CM: E950–E959 or ICD-10-CM: X71–X83), unintentional falls (ICD-9-CM: E880–

E888 and ICD-10-CM: W10.8–W13.9), and undetermined intent (ICD-9-CM: E980–E989). 

The study period overlaps the transition from use of ICD-9-CM to ICD-10-CM, which 

occurred in the fourth quarter of 2015 (16). As a result, 36 decedents were coded using 

ICD-9-CM codes only, 10 were coded using ICD-10-CM codes only, and 6 were coded 

using both ICD-9-CM and ICD-10-CM codes. For the 6 decedents coded with both coding 

systems, ICD-9-CM codes were used to categorize their injury cause because these codes 

were likely more reliable during the transition period.

Antemortem BACs were extracted from STC records. Postmortem BACs were extracted 

from OCME toxicology records. BACs were measured differently in the two settings. The 

STC measures BAC using plasma samples, while the OCME uses whole blood. Plasma 

generally has a higher BAC than whole blood because of properties such as higher water 

content (17–20). The results from the STC plasma samples were divided by 1.14, following 

a standard approach for comparing plasma and whole blood samples that uses a 14% 

conversion factor (20). For some decedents, OCME records had multiple BACs depending 

on the body location from which the blood was extracted. Because BACs can vary in 

different parts of the body, an a priori clinical decision was made to use the following 

priority order of blood sample locations to assess the antemortem BACs in this analysis: 

heart, subclavian, femoral, subdural, and cavity (21).

Analysis

Descriptive statistics for decedent characteristics, cause of injury, and BAC level were 

calculated using SPSS Statistics version 26 (IBM Corp., Armonk, NY; 2019). To explore the 

overall distributions of BACs taken before death at the STC and after death at the OCME, 

all decedents’ BACs were placed into 0.05 g/dL interval bins. The number of decedents 

within each bin was calculated separately according to antemortem or postmortem BAC 

records. To examine whether the magnitude of antemortem BACs and length of hospital 

stay before death affected differences in postmortem BACs compared with antemortem 

BACs (referred to as “BAC difference”), decedents were stratified into two groups based 

on the median antemortem BAC of the sample (0.10 g/dL). There were 26 decedents with 

an antemortem BAC <0.10 g/dL and 26 decedents with an antemortem BAC ≥0.10 g/dL, 

and individual-level BAC differences were plotted as a function of length of hospital stay. 

The two groups of decedents, stratified at the median antemortem BAC level, are presented 

in two figures to show that the individual-level BAC differences (after death compared 

with before death) as a function of length of hospital stay occurred among decedents with 

antemortem BAC levels across the full spectrum of alcohol use (that is, among decedents 

with an antemortem BAC <0.10 g/dL as well as among decedents with an antemortem BAC 

≥0.10 g/dL).
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Results

Of the 52 fatally injured adult decedents who presented at one STC in Baltimore, Maryland 

in 2006–2016 and stayed ≤48 hours before dying, 45 (86.5%) decedents were male, and the 

average age was 42 years (standard deviation: 15.2) (Table 1). Thirty decedents were black 

(57.7%), 20 (38.5%) were white, and 2 (3.9%) were of other races. The median hospital 

stay was 2.2 hours, ranging from less than 1 hour to 44.5 hours (interquartile range: 3.1 

hours). Twenty-two (42.3%) decedents suffered transportation-related injuries, either in a 

motor vehicle crash or as a pedestrian. Twenty (38.5%) decedents died by homicide or 

intentional assault; 13 of which were by gunshots. Ten (19.2%) decedents died by another 

cause, including intentional self-harm or suicide, accidental fall, or undetermined intent.

Overall, 31 (59.6%) decedents had antemortem BACs of ≥0.08 g/dL versus 22 (42.3%) 

decedents when assessed using postmortem BACs (Table 1). The median antemortem 

BAC was 0.10 g/dL compared with a median postmortem BAC of 0.06 g/dL. The overall 

distribution of postmortem BACs was lower than the distribution of antemortem BACs, 

with 19 (36.5%) decedents having a postmortem BAC of 0.00–0.05 g/dL compared with 8 

(15.4%) decedents being within this range based on antemortem BACs (Figure 2).

Among decedents with an antemortem BAC <0.10 g/dL (Figure 3a) and decedents with 

an antemortem BAC ≥0.10 g/dL (Figure 3b), decedents with a longer length of hospital 

stay had a greater BAC difference postmortem relative to antemortem. For 42 (80.8%) 

decedents, postmortem BACs were lower than the antemortem BACs by an average of 0.07 

g/dL, ranging from a BAC difference with a reduction of 0.004 g/dL to 0.27 g/dL. For 

10 (19.2%) decedents, the BAC difference was positive such that the postmortem BACs 

were higher than the antemortem BACs by an average of 0.06 g/dL, ranging from a BAC 

difference of an increase of 0.01 g/dL to 0.16 g/dL. Among these 10 decedents with a 

positive BAC difference, 6 of them had antemortem BACs of <0.10 g/dL (Figure 3a) and 

4 had antemortem BACs of ≥ 0.10 g/dL (Figure 3b). The median length of hospital stay 

before death for those 10 decedents with a positive BAC difference was 1.1 hours, ranging 

from less than 1 hour to 2.2 hours. Furthermore, all decedents in the matched sample had 

positive antemortem BACs >0.00 g/dL. However, 10 decedents had postmortem BACs of 

0.00 g/dL; among them, the antemortem BACs ranged from 0.01 g/dL 0.26 g/dL. Among 

those 10 decedents with no alcohol detected postmortem, the median length of hospital stay 

before death was 7.4 hours, ranging from 0.1 hours to 44.5 hours.

Discussion

Using data from Maryland, which has a centralized medical investigator system with highly 

trained forensic pathologists, this study found that postmortem BACs from the OCME 

for fatally injured adult decedents were generally lower than antemortem BACs from 

the STC. However, this finding was not consistent, with 10 of the 52 decedents having 

higher postmortem BACs than antemortem BACs. These differences in antemortem and 

postmortem BACs were found after applying a standard conversion factor of 14% to account 

for differences in the type of blood sample used for conducting BAC tests at the STC and 

the OCME (20). Other studies have used an 11% conversion factor (19), but this study used 
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the 14% standard to be conservative. In addition, approaches that use postmortem BAC 

information to model antemortem BACs (e.g., the Widmark approach) have been developed, 

but these models require information that is not often available, such as time since ingestion 

of alcohol and grams of alcohol in the beverage consumed (15). Therefore, postmortem 

blood samples will likely continue to be used to make assumptions about individual’s 

alcohol use and BAC before death.

A public health related consequence of differences in postmortem BACs compared with 

antemortem BACs is the underestimation of alcohol involvement in injury-related deaths. 

For example, for 10 of the 52 decedents in this study, their antemortem BACs were positive 

while their postmortem BACs were negative, substantial variations in the antemortem BACs 

and lengths of hospital stay for those decedents, indicating variability in how these factors 

influence changes in BACs. Alcohol use, even at low levels, increases the risk for overdose 

when used concurrently with certain types of other drugs (e.g., opioids, benzodiazepines) 

because it leads to pharmacodynamic interactions that depress breathing (22–24). Therefore, 

failing to detect alcohol in postmortem toxicology testing could be especially problematic 

in drug overdose investigations and result in alcohol being missed as a contributing cause 

of death. The involvement of alcohol in drug overdose deaths could be underestimated if 

postmortem blood samples are used, however, in reality, antemortem blood samples are 

often not available because people may not receive medical attention before dying from 

overdoses or other injury-related causes.

Furthermore, this study found that a greater number of decedents had BACs ≥0.08 g/dL, 

which equates to binge drinking, when measured antemortem compared with postmortem. 

This suggests that use of postmortem blood alcohol samples to assess alcohol involvement 

in injury-related deaths may lead to conservative estimates at the population level, which has 

potential legal implications. For example, during investigations of fatal injuries resulting 

from motor vehicle crashes, BAC testing is used to determine whether a driver was 

alcohol-impaired. The findings from this study suggest that fewer deceased drivers would 

have BACs above the maximum legal BAC limit for driving if alcohol testing was 

conducted using postmortem blood samples rather than antemortem samples. This would 

be particularly likely for people who die after an extended length of time following the 

crash, as there would be more time for the metabolism of alcohol before death.

The situations in which postmortem BACs are higher than antemortem BACs can be highly 

variable and unpredictable (21). For 10 decedents in this study, postmortem BACs were 

higher than the antemortem BACs, including some decedents with BACs <0.10 g/dL and 

others with BAC ≥0.10 g/dL. The decedents who had a higher BAC after death than before 

death each had a short hospital stay of about 2 hours or less. This finding may be a result 

of alcohol production after death because of the presence of certain microbes or factors such 

as the time between alcohol consumption, death, and the postmortem BAC test (21). For 

example, it is possible for an individual to consume alcohol close to the time of an injury 

event, so the metabolism of the alcohol would continue after blood being drawn at the STC 

for the antemortem BAC test. With a larger sample population, future research could assess 

decedents’ characteristics and circumstances of the injury event that are associated with 
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varying magnitudes and direction of differences between postmortem and antemortem BAC 

levels.

This study has limitations that are important to consider when interpreting its findings. First, 

despite the inclusion of data from 11 years, our study sample has only 52 fatally injured 

adults with a positive BAC level recorded in the STC records and an associated OCME 

record with toxicology data. The small sample size can be partially explained by missing 

BAC data in either the STC records, the OCME records, or both. For some fatally injured 

decedents, the OCME might use a decedent’s BAC as reported by the STC in the death 

investigation records. In these cases, decedents would not have both an antemortem and 

postmortem BAC recorded and could not be included in this study. Second, the matched 

sample for this study was drawn from one trauma center out of nine adult trauma centers in 

the state; therefore, the findings might not be generalizable to other parts of Maryland or to 

other states where admission procedures and testing rates might differ. The findings of this 

study also might not be generalizable to jurisdictions that do not have a centralized medical 

system because consistent procedures might not be used to conduct postmortem BAC tests. 

Third, almost half of the STC decedents who had an associated OCME record were missing 

antemortem BAC values (210 of 454 matched decedents). It is unknown whether the missing 

BAC values in the STC records were due to these patients not being tested for alcohol; 

whether they were tested for alcohol, but the BACs were not recorded; or a combination 

of both. Finally, the BAC data from both the STC and the OCME are subject to potential 

measurement and recording errors.

Given the differences in BACs when tested using postmortem blood samples from the 

OCME compared with the antemortem BACs from the STC, more routine alcohol testing 

in acute care facilities, and recording of this information in medical records, could improve 

surveillance of alcohol-related nonfatal and fatal injuries (25). This testing can provide 

useful information about risk factors associated with both nonfatal and fatal injuries.

More routine BAC testing would improve surveillance of alcohol involvement in injuries 

and could also inform the planning and implementation of strategies to effectively prevent 

excessive alcohol use and associated harms, including nonfatal and fatal injuries. The US 

Preventive Services Task Force recommends alcohol screening and brief intervention (SBI) 

for adults in primary care settings (26). Alcohol SBI can also be administered electronically 

(“e-SBI”) using computers, tablets, smartphones, and other electronic devices in a variety of 

settings (e.g., acute care settings, primary care clinics, health departments), as recommended 

by the US Community Preventive Services Task Force (27). These clinically oriented 

prevention services can complement evidence-based population level interventions (e.g., 

increasing alcohol taxes, regulating the density of alcohol outlets, having commercial host 

liability laws, enforcing maximum BAC laws of ≤0.08 g/dL, expanding use of sobriety 

checkpoints) (28–31). Increased use of these evidence-based strategies could reduce fatal 

injuries involving alcohol throughout the US.
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Conclusions

The findings from this study suggest that postmortem BACs generally underestimate the 

magnitude of alcohol involvement in fatal injuries. Therefore, postmortem BACs may 

not accurately represent a person’s BAC at the time of injury. Nevertheless, for many 

decedents, death investigations are the only source of information about factors contributing 

to injury-related deaths, and the death investigations can provide important information to 

help prevent alcohol-related fatal injuries. However, these efforts may be thwarted when 

death records do not have BAC data. When possible, more routine alcohol testing in 

acute care facilities, and recording of this information in medical records, would improve 

the surveillance of alcohol-related nonfatal and fatal injuries. This would also support 

further research on the differences between antemortem and postmortem BACs with greater 

availability of alcohol data. In light of the study findings, medical examiners and coroners 

could consistently use antemortem blood samples, when available, for alcohol testing as part 

of death investigations on injured decedents. However, if antemortem blood samples are not 

available, the reporting of postmortem BACs in death records is still informative to broadly 

assess the role of alcohol in fatal injuries.
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Fig. 1. 
Process for deriving study sample of fatally injured adult decedents with reported blood 

alcohol concentration (BAC) data from the R Adams Cowley Shock Trauma Center (STC) 

and Maryland’s Office of the Chief Medical Examiner (OCME) in Baltimore, Maryland, 

2006–2016.
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Fig. 2. 
Distribution of antemortem and postmortem blood alcohol concentration (BAC) levels 

among the 52 fatally injured adult decedents in the study sample. The overall distribution 

of postmortem BACs was lower than the distribution of antemortem BACs, with 19 (36.5%) 

decedents having a postmortem BAC of 0.00–0.05 g/dL compared with 8 (15.4%) decedents 

being within this range based on antemortem BACs.
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Fig. 3. 
Individual level differences in postmortem blood alcohol concentration (BAC) relative to 

antemortem BAC among the fatally injured adult decedents in the study sample. Among 

decedents with an antemortem BAC <0.10 g/dL (n = 26) (Figure 3a) and decedents with 

an antemortem BAC ≥0.10 g/dL (n = 26) (Figure 3b), decedents with a longer length of 

hospital stay had a greater BAC difference postmortem relative to antemortem.
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Table 1.

Characteristics of fatally injured adult decedents in study sample, Baltimore, Maryland

Decedents’ Characteristics n Mean (SD), Median, or Percent

Age (years) 52 42 (SD = 15.2)

Sex (Male) 45 86.3%

Race

Black 30 57.7%

White 20 38.5%

Other Race 2 3.8%

Length of Hospital Stay 52 2.2 hours

Cause of Injury 
a 

Transport-related (including motor vehicles and pedestrians) 22 42.3%

Homicide or intentional assault 20 38.5%

Other 10 19.2%

BAC ≥ 0.08 g/dL

Antemortem BAC from Shock Trauma Center 31 59.6%

Postmortem BAC from Maryland Office of Chief Medical Examiner 22 42.3%

Median BAC

Antemortem BAC from Shock Trauma Center 52 0.10 g/dL

Postmortem BAC from Maryland Office of Chief Medical Examiner 52 0.06 g/dL

BAC: blood alcohol concentration; SD: standard deviation.

a
Causes of injury were categorized into the following three groups, using only the ICD-9-CM or ICD-10-CM codes in the decedents’ medical 

records that were applicable to the injuries incurred by the decedents in the study sample: 1) “transport-related injuries,” including injuries related 
to motor vehicles (traffic and nontraffic), pedestrians, and bicyclists (ICD-9-CM: E810-E819 and E820-E825 or ICD-10-CM: V00-V09, V10-V19, 
V20-V29, and V40-V49); 2) “homicide and intentional assault” (ICD-9-CM E960-E969 or ICD-10-CM: X92-Y09); and 3) “other,” including 
intentional self-harm or suicide (ICD-9-CM: E950-E959 or ICD-10-CM: X71-X83), unintentional falls (ICD-9-CM: E880-E888 and ICD-10-CM: 
W10.8-W13.9), and undetermined intent (ICD-9-CM: E980-E989).
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