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Abstract
Aims-To gather data on blood alcohol
concentrations in a forensic necropsy

population and to analyse the information
on trends that may predict where alcohol
testing is going to prove cost-effective.
Methods-Alcohol assays were performed
on blood, urine, and vitreous samples in
1620 consecutive medicolegal necropsy
examinations.
Results-Alcohol was detected in only 7%
of natural deaths from all causes and in
four of 40 deaths categorised as unknown/
obscure. Alcohol concentrations 350
mgIlOO ml were found in nine druglalcohol
abuse deaths (range 362-506 mg/100 ml),
five accidental deaths (356-504 mg/100
ml), and one homicide victim (400 mg/100
ml). Those categorised as alcohol abusers
were represented in all but one category of
death (unknownlobscure deaths in males),
showing that many true alcoholics die
with their alcoholism rather than of it;
39% ofmales and 34% of females with his-
tories ofalcohol abuse had alcohol present
in their blood at necropsy at concentra-
tions 50 mg/100 ml, v only 9% (male) and
6% (female) without such history.
Conclusions-The study highlights the
problems of elderly and "hidden" alcohol-
ics and illustrates cases where routine
assays would provide additional signifi-
cant information. Routine alcohol testing
is useful in all cases of suspected unnatu-
ral death but universal testing of forensic
necropsies is not cost-effective.
(C Clin Pathol 1997;50:197-201)

Keywords: alcohol estimation; necropsy; economics;
elderly.

Research on the presence and concentration of
alcohol at medicolegal necropsy has not been
performed in the United Kingdom, although
two studies have been conducted in continental
Europe.' '2Drinking patterns vary from country
to country, so these data may not be applicable
to the British forensic necropsy population. We
investigated the prevalence of alcohol in the
blood at death, the circumstances likely to
result in the presence of alcohol in necropsy

specimens, and the economic considerations of
routine testing. Given the dual concerns of the
preponderance of elderly people in the forensic
necropsy population and the issue of alcohol
abuse in the elderly,3 we also specifically
addressed these topics. This study provides
basic data to inform discussion of the issues
raised.

Methods
Alcohol assays were performed on blood,
urine, and vitreous samples, where available,
on 1730 consecutive medicolegal necropsies
(1071 full necropsy examinations and 549
external examinations) performed between 9
April 1990 and 2 April 1993, comprising all
medicolegal necropsy examinations in Tayside
and North East Fife with additional cases
(homicide and anaesthetic/medical related
deaths) from outside these regions. Relevant
data from case files, including police reports,
general practitioner records, and hospital
records were abstracted, namely sex, age, ana-
lytical results, cause of death, manner of death,
alcohol habits, agonal hospital admission, and
any pertinent comments such as other positive
toxicology. Overall, 1620 cases were included;
110 cases were excluded as no sample was
taken because of HIV or hepatitis B risk (29),
decomposition (36), exsanguination (14), cot
death (5), and prolonged hospital admission or
other practical reasons (23).
Blood samples were collected under direct

vision from the femoral vein in cases of full
necropsy and from the subclavian vessels by
blind needle puncture in external examina-
tions. Urine was collected directly from the
bladder in necropsies and by blind suprapubic
aspiration in external examinations. Blood
samples were stored in fluoride oxalate tubes,
vitreous in one dram (3.7 ml) vials, and urine
in universal containers (25 ml). Specimens
were refrigerated at 4°C before analysis by
head space gas chromatography using a
previously published method.4 Samples were
batched, run in duplicate, and accompanied by
appropriate calibration and control specimens.
Results were a mean of duplicates; analysis was
repeated if the values were not within 10
mg/100 ml.
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Table I Cases with blood akohol concentrations of2 50 mgllOO ml (BAC+) by sex and category of death. Percentages
relate the figures to the total deaths (positive and negative) for each sex and category

Male Female Male andfemale
BAC+ BAC+ BAC+

Manner of death Total Number Percentage Total Number Percentage Total Number Percentage
1 - Natural (CVS) 514 26 5 305 8 3 819 34 4
1 - Natural (other) 121 3 2 106 3 3 227 6 3
2 - Accident 173 40 23 68 8 12 241 48 20
3 - Suicide 126 43 34 53 14 26 179 57 32
4 - Homicide 24 9 38 12 5 42 36 14 39
5 - Drug or alcohol

abuse 50 17 34 28 10 36 78 27 35
6 - Unknown/obscure 26 1 4 14 3 21 40 4 10
Total 1034 139 13 586 51 9 1620 190 12

The blood alcohol result was considered
positive at a level of. 50 mg/100 ml. This is the
concentration chosen by some countries as the
legal limit for driving.5 Published reports
suggest that necropsy blood alcohol concentra-
tions greater than 40 mg/i 00 ml reflect the
antemortem alcohol status ofthe deceased.6 An
individual was considered to have suffered
from alcohol abuse if there was a history of
chronic alcoholism, alcohol related disease, or
indications of persistent or episodic excessive
drinking obtained from the general
practitioner, police or hospital records, and the
information was elicited from more than one of
these sources. Deaths were categorised by
manner of death into natural (cardiovascular or
other), accident, suicide, drug/alcohol related,
and unknown/obscure. Drug/alcohol related
deaths comprised known chronic alcoholics
and drug abusers dying of their abuse and
those whose deaths were attributed to the
effects of alcohol, either alone or in combina-
tion with a drug or drugs, other than clear sui-
cidal overdoses. Unknown/obscure deaths in-
cluded cot deaths, "negative" necropsies, and
cases where the manner of death was not clas-
sified.

Table 2 Males with blood alcohol concentrations (BAC) . 50 mgll00 ml by category and
concentration

BAC+ Alcohol concentration (mgll00 ml)

Manner of death Total % 50-149 150-249 250-349 350+

1 - Natural (CVS) 26 19 13 12 1 0
1 - Natural (other) 3 2 1 2 0 0
2 - Accident 40 29 14 13 9 4
3 - Suicide 43 31 19 20 4 0
4 - Homicide 9 6 3 1 4 1
5 - Drug or alcohol

abuse 17 12 2 6 4 5
6 - Unknown/obscure 1 1 1 0 0 0
Total 139 100 53 54 22 10

Table 3 Females with bloodalcohol concentrations (BAC) 250 mgllOOml bycategory
and concentration

BAC+ Alcohol concentration (mgllOO ml)

Manner of death Total % 50-149 140-249 250-349 350+

1 - Natural (CVS) 8 16 5 1 2 0
1 -Natural (other) 3 6 2 1 0 0
2 - Accident 8 16 3 2 2 1
3 - Suicide 14 27 8 2 4 0
4 - Homicide 5 10 2 2 1 0
5 - Drug or alcohol

abuse 10 20 1 2 3 4
6 - Unknown/obscure 3 6 0 3 0 0
Total 51 100 21 13 12 5

In considering the problem of corroboration
of alcohol assays for very low blood alcohol
concentrations a lower cut off point of 5
mg/100 ml was used. At levels between 5
mg/100 ml and 50 mg/100 ml there may be
doubt as to whether the analytical result truly
reflects the antemortem status of the deceased
or represents a postmortem artefact. Corrobo-
ration of the blood alcohol result by reference
to an alternative sample such as urine or vitre-
ous humour may be valuable in these circum-
stances.

Results and discussion
The results are presented as tables, breaking
down the data according to major discrimina-
tors of sex, age, presence of alcohol, and history
of alcohol abuse, further subdivided by manner
of death and alcohol concentration. Table 1
lists cases having alcohol concentrations of. 50
mg/l 00 ml by sex and category of death. Tables
2 (males) and 3 (females) subdivide the cases
by category and alcohol concentration. Table 4
breaks down the data by sex, presence or
absence of a history of alcohol abuse, and
manner of death. Table 5 lists the cases by sex,
history of alcohol abuse, and the presence of
alcohol in necropsy samples. It includes 10
cases where no blood sample was available but
both urine and vitreous samples were taken
and both contained significant quantities of
alcohol. Table 6 correlates sex, alcohol con-
sumption habits, and blood alcohol concentra-
tion. Table 7 addresses alcohol concentrations
in the elderly population. Tables 8 and 9
consider alternative samples for detecting alco-
hol in the body at levels between 11 and 50
mg/100 ml and the corroboration of blood
alcohol levels in this low range by reference to
alternative samples.
This is the first systematic study of blood

alcohol concentrations in a forensic necropsy
population in the United Kingdom. Similar
studies have been performed in Finland' and
Germany.2
The incidence of alcohol positivity (table 1)

was highest for both sexes combined in
homicides (39%), followed by drug/alcohol
related deaths (35%), suicides (32%), and
accidents (20%). Males accounted for greater
percentages for suicides (34% M, 26% F) and
accidents (23% M, 12% F). Alcohol was
detected in only 7% of natural deaths from all
causes. In four of 40 deaths categorised as
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Table 4 Incidence ofpositive history (H) of alcohol abuse for each sex and by category of death

Male Female Male andfemale

Number Percent Number Percent Number Percent
Manner of
death Total H+ H- H+ H- Total H+ H- H+ H- Total H+ H- H+ H-

1 - Natural
(CVS) 514 48 466 9 91 305 17 288 6 94 819 65 754 8 92

1 - Natural
(other) 121 20 101 17 83 106 6 100 6 94 227 26 201 11 89

2 - Accident 173 18 155 10 90 68 4 64 6 94 241 22 219 9 91
3 - Suicide 126 28 96 22 78 53 10 43 19 81 179 38 141 21 79
4 - Homicide 24 3 21 13 88 12 1 11 8 92 36 4 32 11 89
5 - Drug or

alcohol
abuse 50 41 9 82 18 28 22 6 79 21 78 63 15 81 19

6 - Unkown/
obscure 26 0 26 0 100 14 2 12 14 86 40 2 38 5 95

Total 1034 158 876 15 85 586 62 524 11 89 1620 220 1400 14 86

unknown/obscure, one male who fell or
jumped from a cliff had an alcohol concentra-
tion of 133 mg/100 ml and three females with
no anatomical cause of death had concentra-
tions of 168, 190, and 238 mg/100 ml (tables 2
and 3). Two of these had histories suggestive of
excess alcohol consumption from one source
only, of a nature which did not clearly indicate
regular or periodic alcohol abuse.

Alcohol concentrations 2 350 mg/100 ml
(both sexes) were found in nine drug/alcohol
abuse deaths (range 362-506 mg/100 ml), five
accidental deaths (range 356-504 mg/100 ml),
and one homicide victim who had a level of400
mg/100 ml (tables 2 and 3). Generally, there
were decreasing numbers of deaths at higher
alcohol concentrations for both sexes, with the
exception of alcohol/drug related deaths. The
trends for females were similar to males despite
there being fewer cases (1034 M, 586 F).
Breakdown of the data by sex, age group, and
cause of death did not show any clear trends in
this series.
Breakdown by a history of alcohol abuse

(table 4) showed that those whose deaths were
attributed to the effects of alcohol were at least
three times more likely to have a positive alco-
hol history than not. However, this probably
reflected the use of the history in reaching the

Table S Presence or absence of alcohol by sex and history of alcohol abuse

Number Percentage

Sex, alohol No blood (U+ No blood (U+
history Total BAC- andlor V+) BAC+ BAC- and/or V+) BAC+

M, H+ 158 97 0 61 61 0 39
M, H- 876 792 5 79 90 1 9
F, H+ 62 40 1 21 64 2 34
F, H- 524 490 4 30 93 1 6
Total 1620 1419 10 191 87 1 12

BAC = blood alcohol concentration; U = urine; V = vitreous; M = male; F = female.

Table 6 Positive blood alcohol cases by sex, alcohol history, and blood alcohol
concentration (BAC)

Alcohol concentration (mgll00 ml)

Sex, alcohol history BAC+ number 50-149 150-249 250-349 350+

M, H+ 61 17 22 13 9
M, H- 79 37 32 9 1
F,H+ 21 5 6 6 4
F,H- 30 16 7 6 1
M+F, H+ 82 22 28 19 13
M+F, H- 109 53 39 15 2
Total 191 75 67 34 15

M = male; F = female; H = history of alcohol abuse.

determination that the death was causally
related to the known alcohol habits of the
deceased. In all other categories only a minor-
ity had histories of alcohol abuse. Those
categorised as abusers of alcohol were repre-
sented in all but one category of death
(unknown/obscure deaths in males), indicating
that many true alcoholics die with their
alcoholism rather than of it.

Table 5 shows that 39% ofmales and 34% of
females with histories of alcohol abuse had
alcohol present in their blood at necropsy at
concentrations > 50 mg/100 ml, compared with
only 9% (male) and 6% (female) without
histories of alcohol abuse. This emphasises the
value of obtaining a history of alcohol habits in
determining who to test and in interpreting the
results. Table 6 shows that for those with a his-
tory of alcohol abuse, the blood alcohol
concentrations were spread throughout the
ranges, whereas for those without a history of
alcohol abuse the concentrations tended to be
distributed in the lower ranges. At high alcohol
concentrations those with a history of alcohol
abuse predominated.
Of the 220 individuals with histories of alco-

hol abuse, 219 had blood samples available;
137 (62%) of these had alcohol concentrations
of< 50 mg/100 ml. In 38 ofthese cases alcohol
was mentioned in Part I of the death certificate
(34 instances of chronic alcoholism). In an
additional 15 cases alcohol was mentioned in
Part II, showing that many deaths attributed to
the effects of alcohol, either as the primary or
contributory cause, were associated with blood
alcohol levels considered insufficient to cause
death.7 In one case of a female with a history
of excess alcohol consumption, no blood sam-
ple was obtained but both vitreous and urine
samples were available and contained alcohol
at concentrations > 50 mg/100 ml.

Eliciting a history of alcohol abuse may be
difficult even with a confidential enquiry, as
recently highlighted.'" It is notable that table 1
contains three cases where the cause of death
was considered unascertained even though
alcohol was present at levels within the range
168-238 mg/100 ml. These deaths were not
attributed to the effects of the alcohol present,
primarily because of the absence of a clear his-
tory of alcohol abuse, although in two of the
cases there was uncorroborated anamnestic
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Table 7 Individuals (male andfemale) 60years or older with positive blood alcohol by
category ofdeath and blood alcohol concentration, subdivided by alcohol history (H).
Percentages are relative to total deaths (positive and negative) in each category

Percentage Alcohol concentration (mg/100 ml)
Total of total
number deaths 50-149 150-249 250+

Manner of death H+ H- H+ H- H+ H- H+ H- H+ H-

1 -Natural (CVS) 10 11 1 1 4 6 5 4 1 1
1 - Natural

(other) 1 3 0 1 0 1 1 2 0 0
2 -Accident 7 4 3 2 1 3 2 1 4 0
3 - Suicide 3 3 2 2 1 2 1 1 1 0
4 - Homicide 0 0 0 0 0 0 0 0 0 0
5 - Drug or

alcohol abuse 3 4 4 5 1 1 1 0 1 3
6 - Unknown/

obscure 0 1 0 3 0 0 0 1 0 0
Total 24 26 2 2 7 13 10 9 7 4

CVS=cardiovascular system.

data suggesting that the deceased consumed
alcohol to excess. This contrasts with those
individuals who were known to suffer from
alcohol abuse, in whom the deaths were attrib-
uted to their chronic alcoholism even though
the concentration of alcohol present at
necropsy in the blood would otherwise have
been considered insufficient to account for the
death.

Table 4 included six cases (3 M, 3 F), in
whom no clear history of alcohol abuse could
be elicited, whose deaths were attributed to the
effects of alcohol. In one case, where
temazepam and diazepam were present, the
blood alcohol concentration was 120 mg/100
ml and death was attributed to the combined
effects of these agents. The cause of death in
the other cases was given as acute alcoholism
(range 230-400 mg/100 ml). These represent
"hidden" alcoholics, individuals not previously
known to abuse alcohol who have died from
alcohol related conditions. The existence of
such a group has long been acknowledged but
detecting the role of alcohol in these deaths
requires routine testing at necropsy. Alcohol
related death in the previously undiagnosed or
"hidden" alcoholic in our population was ofthe
order of 0.4%. Routine testing of all forensic
cases to detect this minority is unlikely to be
practical. Routine assays will not, however,
detect "hidden" alcoholics dying without alco-
hol in their blood, a finding common in known
alcoholics, as shown in table 4.

Table 7 shows four individuals aged 60 years
or older with alcohol levels . 250 mg/100 ml
and deaths attributed to the effects of alcohol,
three cases (1 M, 2 F) without histories of
alcohol abuse (range 260-309 mg/i00 ml), and
one female with a history of alcohol abuse in
whom the alcohol level was 506 mg/100 ml.
Cardiovascular deaths included two cases with
significant atherosclerotic coronary artery dis-
ease and alcohol levels . 250 mg/100 ml, a 63
year old female who was known to abuse alco-
hol whose alcohol concentration was 333
mg/100 ml, and a 67 year old male who was not
known to abuse alcohol whose alcohol concen-
tration was 304 mg/100 ml. This illustrates the
difficulties of determining the cause of death in
elderly people with degenerative diseases even
with good anamnestic data, and further
highlights the role of a clear history of alcohol

abuse in determining the relative roles of the
different pathologies found at necropsy in
ascertaining the cause of death.
Our data correlate well with clinical

studies,"1-"3 indicating that alcoholism in the
elderly is underreported. Olsen-Noll and Bos-
worth classified elderly alcoholics into three
groups: survivors (persistent heavy drinkers),
intermittent drinkers (bingers), and reactors
(began heavy drinking late in life)." Using a
history of alcohol consumption habits in com-
bination with necropsy findings and alcohol
assay, the diagnosis of survivors and intermit-
tent drinkers in the forensic necropsy popula-
tion should be comparatively easy. Reactors
may escape diagnosis by virtue of an absence of
a clear history of alcohol abuse and the relative
paucity of alcohol related disease at necropsy
and are likely to comprise those "hidden" alco-
holics who would be detected only by universal
necropsy alcohol assays. Appropriate certifica-
tion of such deaths is difficult without routine
alcohol testing. Consequently, a significant
proportion of "hidden" alcoholics may be indi-
viduals aged 60 years or older.
Most necropsy alcohol research has con-

cerned blood samples. Blood alcohol concen-
trations > 50 mg/100 ml are likely to reflect
antemortem consumption. There is still debate
as to whether blood alcohol levels of <50
mg/100 ml reflect antemortem consumption or
postmortem production. Analysis of other
body fluids may assist in corroboration and
interpretation of low blood alcohol con-
centrations.4 14 Levine et al investigated low
necropsy alcohol concentrations in blood,
vitreous, and urine.6 Table 8 shows the equiva-
lent data for our series. It is postulated that if
any alcohol present results from putrefaction
there will not be consistency throughout the
body with regard to the presence of alcohol or
to the levels detected. If, however, the analyti-
cal results represent the antemortem status of
the deceased there should be alcohol present in
all of the samples analysed at comparable con-
centrations. This problem is greatest at low
blood alcohol levels. At high blood alcohol lev-
els the contribution of putrefactive alcohol
production to the total alcohol level detected is
not likely to be significant. Where only a blood
sample is taken, it is not possible to determine
if any alcohol detected represents the antemor-
tem alcohol intake of the deceased or is a post-
mortem artefact. The analysis of additional
samples will permit confirmation of the
presence and corroboration of the concentra-
tion of any alcohol detected in the blood.
Where low levels of alcohol are present in the
blood at necropsy, analysis of vitreous and
urine will permit the separation of cases into
three categories: vitreous and urine available
and both positive (true positives); urine and/or
vitreous available but at least one of these is
negative (false positives); and unknowns, where
either only one sample is available and contains
alcohol or where neither urine nor vitreous is
available to permit corroboration. Table 9
showed that, as the blood alcohol concentra-
tion rises, so corroboration of results in urine or
vitreous, where available, became more fre-
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Table 8 Presence of alcohol in alternative samples (both sexes) at low blood akohol levels.
Urine and vitreous positive at . 5 mg/100 mL NIA indicates no sample available

Positivity of vitreous or urine

BAC (mgllOO ml) Vitreous+ NIA Vitreous-

11-20 Urine+ 11 4 1
N/A 7 0 4
Urine- 0 1 3

21-30 Urine+ 5 1 3
N/A 7 0 7
Urine- 0 0 1

31-40 Urine+ 8 3 0
N/A 3 0 2
Urine- 0 0 1

41-50 Urine+ 6 1 0
N/A 3 0 1
Urine- 0 0 0

BAC = blood alcohol concentration.

Table 9 True positives,false positives, and unknowns by corroboration of the blood alcohol
by vitreous andlor urine at low blood alcohol levels (from table 8)

Corroboration by vitreous or urine

BAC (mg/100 ml) Total True+ False+ Unknown

11-20 31 11 9 11
21-30 24 5 11 8
30-40 17 8 3 6
41-50 11 6 1 4

BAC = blood alcohol concentration.

quent. There were four cases of disparity
between urine and vitreous alcohol concentra-
tions at blood alcohol concentrations < 30
mg/100 ml. This may represent concentrations
in the alternative samples bordering on the
limits of detection or result from artefactual
alcohol production in one or more of the
sources. However, the trend for false positives
to decrease with increasing blood alcohol con-
centrations can be seen, indicating that a blood
alcohol of. 50 mg/100 ml can be attributed to
antemortem consumption with reasonable
confidence.

In 10 cases there were no blood samples, but
both vitreous and urine samples were obtained
(table 5). Of these, eight had no alcohol in the
other samples, including two with histories of
alcohol abuse. In two cases of severe trauma
and exsanguination, vitreous and urine alcohol
concentrations were (mg/100 ml) 160 (vitre-
ous), 199 (urine), and 136 (vitreous), 147
(urine), again indicating the value of alternative
samples in medicolegal investigations.
There are no studies on the economic impli-

cations of routine alcohol testing in medico-
legal investigations. Hansen and Simonsen
included two cases where the police refused to
finance toxicological analyses following the
"privatisation" of the medicolegal service in
Denmark in 1986.7 The cost-effectiveness of
forensic alcohol assays is a significant issue for
all agencies involved. In the United Kingdom
the unit cost of a forensic blood alcohol assay is
about £ 15. Approximately 15 000 deaths come
to medicolegal investigation in Scotland annu-
ally and the annual costs of routine testing
would be of the order of £220 000. In England
and Wales approximately 130 000 fatalities
annually are subject to a coroner's necropsy
and testing all cases would incur annual costs
of about £2 million.

In this series of 1620 cases there were 316
cases in which alcohol was detected in the
blood, and 191 had concentrations of . 50
mg/100 ml. Thus the overall cost incurred for
each positive alcohol test was approximately
£77. If alcohol assays were performed in deaths
which were not clearly natural or where there
was a history of alcohol abuse-667 cases
(41 %) in our series-the costs of systematic
alcohol testing in Scotland would be reduced
by more than half compared with comprehen-
sive testing. This would have yielded 165 posi-
tive cases, and missed 26 natural deaths with
negative histories and alcohol concentrations
of. 50 mg/100 ml. There were 868 individuals
aged 60 years or older, of whom 50 had blood
alcohol concentrations of . 50 mg/100 ml.
Routine assays in the elderly would detect a
significant alcohol level in approximately 5% of
cases. Using a history of alcohol abuse in all age
groups (220 cases) as a criterion for testing
would have detected 37% of those with alcohol
concentrations . 50 mg/i 00 ml (82 out of
220). This would, however, still miss "hidden"
alcoholics, which in this study accounted for
0.4% (six cases).

Conclusions
The data confirm that unnatural death is
closely associated with alcohol ingestion, the
tendency being more marked in males than
females, as noted in previous studies. Perform-
ing alcohol assays on all forensic necropsy cases
is not practical. Similarly, routine alcohol
assays in the elderly are not cost-effective.
However, routine alcohol testing is cost-
effective in all unnatural deaths and in known
alcoholics. The study highlights again the
essential requirement for good anamnestic data
collection in forensic investigations.
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