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SySTEMIc coMPlIcATIonS oF chRonIc conSUMPTIon oF Alcohol MEDIco-
lEGAlly conFIRMED by GAS chRoMAToGRAPhIc DoSAGE wITh MASS SPEcTRoM-
ETRy (Gc-MS) oF EThylGlUcURonIl In URInE SAMPlES collEcTED FRoM DEAD 
boDIES (Abstract). Purpose. The main purpose of this paper is to determine the dose of ethyl 
glucuronide in urine samples collected from corpses and the corroboration with the investigation 
data, with the anatomo-pathological diagnosis and the one following necropsy can lead to estab-
lishing the diagnosis of chronic intoxication with ethanol and the elucidation of some atypical 
situations. conclusions. based on the case studies analysed in the laboratory of pathological 
anatomy and forensic toxicology, in corpses suspected of chronic alcohol consumption, significant 
systemic changes of vital organs were identified correlated with a significantly increased level of 
ethyl-glucuronide found in urine samples. Key-words: chRonIc Alcohol conSUMPTIon, 
SySTEMIc chAnGES, EThyl-GlUcURonIDE, URInE

INtROductION
Ethanol is the most widely used psychoac-

tive substance, becoming a public health prob-
lem worldwide over time. It is known that the 
determination of alcohol concentration in the 
human body is possible for a relatively short 
period of time. In recent years, research has 
shown that there are methods to identify chron-
ic alcohol consumption by determining its me-
tabolites (ethyl-glucuronide) which allow iden-
tification and quantification over a longer period 
of time. Ethyl-glucuronide is a specific marker 
of chronic alcohol consumption, being a prod-
uct of its non-oxidative metabolism. It can be 
identified and quantified in various post-mor-
tem biological samples, using gas-chromato-
graphic methods. 

There can be important physiological and 
morphological changes that can occur in chron-
ic alcohol users. In the long run, all tissues and 

organs are vulnerable to alcohol abuse, but almost 
all medical consequences are partially reversi-
ble with abstinence. Alcohol increases the level 
of ethyl-glucuronide and also alters the local 
blood circulation, leading to increased splenic 
and myocardial irrigation and reduced circula-
tion in the brain, muscle, pancreas and limbs.

Purpose. The study aimed to analyse the 
forensic casuistry of the Institute of Forensic 
Medicine Iasi in real time and to correlate the 
micro and macroscopic organic lesions with the 
level of ethyl-glucuronide detected in urine 
samples, by gas-chromatographic method and 
assessment of the risk of lethality.

Objectives: 
•	 to	select	the	deceased	cases,	alleged	victims	

of chronic ethanol consumption;
•	 to	identify	and	quantify	ethyl-glucuronide	in	

urine samples, using gas chromatographic 
methods (Gc-MS);
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•	 to	correlate the micro and macroscopic or-
ganic lesions with the ethyl-glucuronide 
level and to assess the risk of lethality.

mAtERIAL ANd mEthOd
The batch studied was made of 50 corpses 

examined in the Institute of Forensic Medicine 
Iasi, chronic alcohol consumers, with a positive 
result on the narcochek test ETG 500 ng/ml.

They were between 19 and 87 years old, 
mostly male (84%), from urban areas (58%) 
(tab. I, fig. 1).

based on the cases that were studied, the 
examination of urine samples was performed by 
a rapid test of the narcochek ETG type 500ng/
ml. Positive samples were subsequently analysed 
using the gas chromatographic method in order 
to determine the level of ethyl-glucuronide.

To highlight systemic organ changes in chron-
ic alcohol users, microscopic tissues from the 
liver, stomach, colon, small intestine, and heart 
were analysed.

The data were centralized in an SPSS 18.0 
database and processed with the statistical func-

tions to which they are suitable, at the 95% 
significance threshold. The AnoVA test was 
used to evaluate descriptive statistical indica-
tors: minimum, maximum, average, median, 
standard deviation, standard error of the mean, 
variance.  The Skewness test (-2 <p <2) val-
idates the normality of the series of values. In 
calculating the significant difference between 
the two means, the t-Student test takes into ac-
count the measurement of variability and the 
weight of observations for the series of values 
with normal distributions. The chi2 test is a 
nonparametric test that compares 2 or more 
frequency distributions from the same popula-
tion; it applies when expected events are ex-
cluded.

RESuLtS ANd dIScuSSIONS
Digestive complications
based on the cases studied, a mean level of 

ethyl-glucuronide was significantly higher than 
the internal standard ethyl-glucuronide D5 (500 
ng / ml) in subjects with alcoholic hepatitis 
(18631 ± 4979 ng / ml; p = 0.001), hepatic 

Fig. 1. Demographic characteristics of the study group

TAblE I
Descriptive demographic data

Demographic characteristics n = 50

Average age ± SD, years (min-max) 60.58 ± 14.18 (19-87)

≥	60	years	old	,	n(%) 33 (66.0%)

Masculine n(%) 42 (84.0%)

Urban, n(%) 29 (58.0%)
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steatosis (7628 ± 2718 ng / ml; p = 0.001), 
cirrhosis (2026 ± 773 ng / ml; p = 0.049) 
and chronic gastritis (1028±774 ng/ml; 
p=0.043) (tab. II, fig. 2).

Depending on the average level of ethyl-
glucuronide found in the urine samples, in the 
corpse, the first three conditions identified in 
the case studies were:

1. Alcoholic hepatitis 
liver with alcoholic hepatitis disorders are 

presented in figure 3.
In the group of subjects with alcoholic hep-

atitis compared to non-alcoholic hepatitis, there 
was a slightly higher risk of lethality in females 
(21.4% vs 13.9%; RR=1.18; Ic95%: 0.67-
2.08; p=0.524), the age group under 60 years 
old (42.9% vs 30.6%; RR=1.17; Ic95%: 
0.78-1.75; p=0.414), from the urban are 

(50.0% vs 38.9%; RR=1.38; Ic95%: 0.57-
3.34; p=0.476), however, the percentage 
differences were not statistically significant 
(tab. III).

2. Fatty liver or steatosis
liver steatosis disorders are presented in 

figure 4.
A slightly higher risk of lethality was ob-

served in the group of subjects with hepatic 
steatosis compared to those without hepatic 
steatosis, in females (16.7% vs 15.0%; RR= 
1.08; Ic95%: 0.41-2.84; p=0.874), age 
group over 60 years old (66.7% vs 65.0%; 
RR=1,03; Ic95%: 0.64-1.67; p=0.903), 
from the countryside (60.0% vs 55.0%; RR= 
1.13; Ic95%: 0.57-2.23; p=0.726), how-
ever, the percentage differences were not sta-
tistically significant (tab. IV).

TAblE II
The average level of ethyl-glucuronide depending on digestive complications 

complication n(%)
concentration 

ethyl-glucuronide (ng/ml)
Median/min-max

(ng/ml)
t-Student

p
hepatic steatosis 30 (60%) 7628±2718 4584 / 9-66018 0.001

Alcoholic hepatitis 14 (28%) 18631±4979 4798 / 9-66018 0.001
cirrhosis 7 (14%) 2026±773 3918 / 9-6177 0.049

chronic gastritis 5 (10%) 1028±774 3178 / 9-4075 0.043
Erosion of intestinal villi 1 (2%) 4075±0 - -

chronic pancreatitis 4 (8%) 534±307 442 / 9-1174 0.419

Fig. 2. Mean levels of ethyl-glucuronide in urine samples 
depending on the associated digestive pathology
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                             a                                                                     b
Fig. 3. Liver	with	alcoholic	hepatitis	(IFM	Iaşi	collection).	(a) liver with numerous biliary neocanalicu-

lar, mononuclear inflammatory infiltrate, hE col, ob 20 x; (b) hepatocyte micronode with numerous 
bile neocanalicular, mononuclear inflammatory infiltrate, hE col, ob 20 x.

TAblE III
Estimated increased risk of lethality in patients with alcoholic hepatitis 

depending on demographic characteristics

characteristics 
with alcoholic 

hepatitis (n=14)
without alcoholic 
hepatitis (n=36) chi2 

test
p

Estimated 
risk

Ic95%
n % n %

Female 3 21.4 5 13.9 0.47 0.524 1.18 0.67-2.08
< 60 years old 6 42.9 11 30.6 0.67 0.414 1.17 0.78-1.75

Urban area 7 50.0 14 38.9 0.51 0.476 1.38 0.57-3.34

                             a                                                                     b
Fig. 4. Liver	steatosis	(IFM	Iaşi	collection).	(a) liver with lesions of diffuse micro and macrovascular 
steatosis, hE col, ob 10 x; (b) hepatocytes with micro and macrovascular steatosis, reduced mononu-

clear inflammatory infiltrate at the port space, hE col, ob 40 x.

TAblE IV
Estimated increased risk of lethality in patients with hepatic steatosis depending 

on demographic characteristics

characteristics 
with hepatic 

steatosis (n=30)
without hepatic 
steatosis(n=20) chi2 

test
p

Estimated 
risk

Ic95%
n % n %

Female 5 16.7 3 15.0 0.03 0.874 1.08 0.41-2.84
≥	60	years	old 20 66.7 13 65.0 0.02 0.903 1.03 0.64-1.67

Rural area 18 60.0 11 55.0 0.12 0.726 1.13 0.57-2.23
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3. Alcoholic cirrhosis
liver with alcoholic cirrhosis are presented 

in figure 5.
based on the cases studies, lethality was 

higher in the group of subjects with male alco-
holic cirrhosis (85.7% vs 83.7%; RR=1.14; 
Ic95%: 0.16-8.26; p=0.893), in the age group 
over 60 years old (71.4% vs 65.1%; RR=1.29; 
Ic95%: 0.28-5.96; p=0.741), coming from 
the countryside (71.4% vs 55.8%; RR=1.09; 

Ic95%: 0.88-1.36; p=0.429), however, the 
percentage differences were not statistically 
significant (tab. V).

Cardiovascular complications
Toxic heart syndrome due to alcohol con-

sumption
The cases studied showed a mean level of 

ethyl-glucuronide significantly higher than the 
internal standard Ethyl-glucuronide D5 (500 

Fig. 5. Liver	with	alcoholic	cirrhosis	(IML	Iaşi	collection).	(a) cirrhosis of the liver with abundant 
fibrous tissue, tricrom Masson col, ob 20 x; (b) liver cirrhosis with micronodules separated by wide 

fibro-inflammatory septa, tricom Masson col, ob 10 x; (c) liver cirrhosis with micronodules separated 
by fibrous septa -large inflammatory, tricom Masson col, ob 20 x.

                             a                                                                     b

c

TAblE V
Estimated increased risk of lethality in patients with alcoholic cirrhosis depending 

on demographic characteristics

characteristics 
with alcoholic 
cirrhosis (n=7)

without alcoholic 
cirrhosis (n=43) chi2 

test
p

Estimated 
risk

Ic95%
n % n %

Male 6 85.7 36 83.7 0.02 0.893 1.14 0.16-8.26
≥	60	years	old 5 71.4 28 65.1 0.11 0.741 1.29 0.28-5.96

Rural area 5 71.4 24 55.8 0.63 0.429 1.09 0.88-1.36
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ng/ml) in subjects with identified myocardial 
fibrosis (6023±2266 ng/ml; p=0.001), alco-
holic cardiomyopathy (4518±1552 ng/ml; p= 
0.001) and myocardial infarction (602±301 ng/
ml; p=0.05) (tab. VI, fig. 6).

Depending on the average level of ethyl-
glucuronide detected in urine samples, the hi-
erarchy of cardiovascular complications iden-
tified in the case study was as follows:

1. Myocardial fibrosis
histological evidence of myocardial injury 

with myocyte death, shoed in the pathology 
associated with chronic alcohol consumption 
(fig. 7).

based on the cases studied, there is an in-
creased risk of lethality  in the group of subjects 
with the age over 60 years old (71.1% vs 20.0%; 
RR=2.07; Ic95%: 1.00-4.66; p=0.025), 
but the percentage differences were not statisti-
cally significant in male myocardial fibrosis 
(84.4% vs 80.0%; RR=1.03; Ic95%: 0.78-
1.37; p=0.802), from the countryside (60.0% 

vs 40.0%; RR=1.27; Ic95%: 0.38-2.93; 
p=0.394) (tab. VII).

2. Alcoholic dilated cardiomyopathy
cardiomyopathy disorders are presented in 

figure 8.
The percentage distribution of dilated car-

diomyopathy did not differ significantly be-
tween the genders (p=0.733), however, it pre-
sented a higher estimated risk of lethality in the 
age group over 60 years old (RR=1.74; 
Ic95%: 1.02-2.95; p=0.012) and in cases 
from rural areas (RR=2.07; Ic95%: 0.87-
4.93; p=0.092) (tab. VIII). 

3. Myocardial infarction
Myocardial disorders are presented in fig. 9.
based on the cases studied, we recorded an 

increased risk in the group of subjects with 
myocardial infarction in males (100% vs 82.6%; 
RR=1.21; Ic95%: 1.06-1.38; p=0.227), in 
the age group under 60 years old (50% vs 
32.6%; RR=1.07; Ic95%: 0.88-1.85; p= 

TAblE VI
The average level of ethyl glucuronide depending on cardiovascular complications

complication  n(%)
concentration of 
ethyl-glucuronide 

(ng/ml)

Mean/ 
min-max
(ng/ml)

t-Student
p

cardiomyopathy 35 (70%) 4518±1552 7674 / 0-34372 0.001
Myocardial fibrosis 45 (90%) 6023±2266 10590 / 0-69191 0.001

Myocardial infarction 4 (8%) 602±301 647 / 9-1212 0.050

Fig. 6. Mean levels of ethyl-glucuronide concentration as a function 
of associated cardiovascular pathology
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TAblE VII
Estimated increased risk of lethality in patients with myocardial fibrosis depending 

on demographic characteristics

characteristics 
with myocardial 
fibrosis (n=45)

without myocar-
dial fibrosis 

(n=5)
chi2 
test

p
Estimated 

risk
Ic95%

n % n %
Male 38 84.4 4 80.0 0.06 0.802 1.03 0.78-1.37

≥	60	years	old 32 71.1 1 20.0 5.00 0.025 2.07 1.00-4.66
Rural area 27 60.0 2 40.0 0.73 0.394 1.27 0.38-2.93

                             a                                                                     b

c

Fig. 7.	Myocardial	fibrosis	(IFM	Iaşi	collection).	(a)	heart	with	cytoarchitectony	modified	by	the	
presence of abundant fibrous tissue highlighted by light green staining, atrophic myocardial fibers, 
tricom Masson col, ob 40 x (b) abundant intramiocardial fibrous tissue highlighted by light green 

staining, myocardial fibers atrophic, tricrom Masson col, ob 40 x (c) cord with large areas of intramio-
cardial fibrosis, adjacent myocardial fibers with disorganized architecture, hE col, ob 20 x

0.492), coming from the rural areas (50.0% vs 
41.3%; RR=1.38; Ic95%: 0.21-2.03; p= 
0.737), however, the percentage differences 
were not statistically significant (tab. IX).

cONcLuSIONS

The studied samples showed a significantly 
higher level of ethyl-glucuronide compared to 
the internal standard ethyl-glucuronide D5 in 

patients with cardiac, digestive and hepatic pa-
thology, which can be life-threatening.

chronic alcohol consumption detected by 
ethylglucuronide dosage reveals:
•	 The	most	 common	 liver	disease	 related	 to	

alcohol consumption is steatosis; it showed 
a uniform distribution between genders, age 
groups and backgrounds;

•	 The	most	 severe	 complication	 is	 liver	 cir-
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TAblE VIII
Estimated increased risk of lethality in patients with dilated cardiomyopathy depending 

on demographic characteristics

characteristics 
with cardiomyopa-

thy (n=35)
without  cardio-
myopathy (n=15) chi2 

test
p

Estimated 
risk

Ic95%
n % n %

Male 29 82.9 13 86.7 0.12 0.733 0.92 0.13-4.19
≥	60	years	old 27 77.1 6 40.0 6.29 0.012 1.74 1.02-2.95

Rural area 23 65.7 6 40.0 2.84 0.092 2.07 0.87-4.93

                             a                                                                     b
Fig. 8. Dilated	cardiomyopathy	(IFM	Iaşi	collection).	(a)	myocardial	fibers	with	a	wavy,	ischemic	

appearance, hE col, ob 40 x (b) myocardial fibers cord with disorganized architecture, separated by 
fibrous tissue, hE col, ob 40 x

TAblE IX
Estimated increased risk of lethality in patients with myocardial infarction 

depending on demographic characteristics

characteristics 
with myocardial 
infarction(n=4)

without myocardial 
infarction(n=46) chi2 

test
p

Estimated 
risk

Ic95%
n % n %

Male 4 100.0 38 82.6 1.46 0.227 1.21 1.06-1.38
< 60 years old 2 50.0 15 32.6 0.47 0.492 1.07 0.88-1.85

Urban area 2 50.0 19 41.3 0.11 0.737 1.38 0.21-2.03

                             a                                                                     b
Fig. 9. Myocardial	infarction	(IFM	Iaşi	collection).	(a)	heart	with	areas	of	recent	acute	myocardial	

infarction, anucleated myocardial fibers, eosinophils, hE col, ob 20 x (b) heart with cytoarchitectony 
modified by the presence of abundant fibrous and adipose tissue, atrophic myocardial fibers, tricrom 

Masson col, ob 20 x
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rhosis, with an approximately uniform inci-
dence between genders, age groups or back-
grounds;

•	 Dilated	cardiomyopathy	caused	by	excessive	
alcohol consumption induces in patients a 
risk of lethality 1.74 times higher in the age 
group over 60 years and 2 times higher in 
those from rural areas.

•	 Male	patients	under	60	years	of	age	in	urban	
areas with myocardial infarction also had an 
increased risk of lethality.
Thus, the micro and macroscopic organic 

lesions detected during the necropsy correlated 
with the level of ethyl-glucuronide in the urine 
samples lead to the assessment of the risk of 
lethality.
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