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a b s t r a c t   

In the realm of forensic pathology, ethanol is one of the most frequently encountered xenobiotics. The 
determination of ethanol concentration in blood after death is of great interest in forensic settings. It is 
important to be able to determine the level of intoxication of the deceased at the time of death, which is 
directly correlated to the ability to act prior to death, especially when a suicide is suspected. This estimation 
is not always easy to establish owing to various artifacts that are important to know for a proper ethanol 
blood level interpretation, among them postmortem (PM) diffusion. We describe here a case of unusual 
ethanol distribution in body compartments and discuss the importance of PM diffusion and redistribution 
while performing complementary toxicological analysis, especially when the blood and urine samples 
seemed to be inconsistent after the first results. 

© 2021 The Authors. Published by Elsevier B.V. 
CC_BY_NC_ND_4.0   

1. Case history 

The body of a 49-years-old Caucasian man was found dead at his 
workplace, in complete and typical hanging by the mean of a braided 
rope hooked to a water pipe running just under the ceiling, with the 
knot situated high above the head. The body was fully clothed, with 
tight clothes, which did not reveal any evidence of struggle or vio-
lence. Next to the body was a desk chair, a smartphone lying on a 
carpet and a set of keys. The feet were dangling roughly 8 cm above 
the floor. No blood or any sign of struggle was obvious and no pre-
sence of any bottle of alcohol was reported from the death scene. 
Rigor mortis and livor mortis were congruent with the last vital sign 
(15 h before the examination of the death scene) and matching the 
body position. According to the information supplied by the police, 
the man was known for depression, financial difficulties and minor 
health problems. He had been seen on the previous day and sent his 
last message around 6:00 pm, without giving any news after that. 
The inanimate body was found by a colleague around 8:30 am the 
following morning. No cardiopulmonary resuscitation attempts 
were performed. No suicide note was found. There was no relevant 
medical history. The external examination of the body on site es-
sentially revealed a leathery ligature mark on the neck, corre-
sponding to the situation, a protrusion of the tongue, and a dried 

trickle of saliva. No petechiae were observed on the face’s skin, the 
mucosae or the conjunctivas. Rectal temperature was 27.7 °C and 
ambient temperature 21.6 °C at 9:50 am. Medicolegal investigations 
were ordered by the prosecutor and the body was transferred at the 
local forensic facility. 

The deceased was 173 cm tall and weighed 58.4 kg 
(BMI = 19.4 kg/m2). External examination performed at the medi-
colegal center provided no further information. At autopsy, per-
formed the following morning (38 h postmortem), our findings 
matched a mechanical asphyxia by hanging (cutaneous, sub-
cutaneous and muscular groove of the neck, hemorrhagic infiltration 
of the left sternohyoid muscle, left paramedian fracture and bilateral 
fracture of the upper horn of the thyroid cartilage) with vitality sign 
(subperiosteal hemorrhagic infiltration of the lateral insertion of the 
sternocleidomastoid muscle on both sides, thoracic and lumbar 
Simon’s hemorrhages). Furthermore, a strong aromatic odor was 
clearly perceptible after opening the abdominal cavity, and was even 
stronger with the opening of the stomach. The stomach content 
(400 g) was a beige to transparent liquid with strong aromatic odor. 
The wall of the stomach and of the duodenum presented a re-
markably firm consistency, as if it had been fixed in formalin (Fig. 1). 
The stomach mucosa was brown, with highly preserved plication. 
The rest of the digestive tract was unremarkable. The bladder con-
tained approximately 45 ml of slightly yellowish urine. No other 
relevant particularity was observed elsewhere in the body. Routine 
sampling of fluids and tissues were performed for toxicological 
analysis. Histological investigations revealed hemorrhagic 
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infiltration in the anterior longitudinal ligament of intervertebral 
disk and partial destruction and/or slimming of the superficial epi-
dermal layers on skin sampled from the neck (hanging groove). 

2. Toxicological and biochemical analysis and results 

Toxicological analysis included blood ethanol, and other volatile 
compound determination, as well as general screening for common 
drugs and illegal substances by gas chromatography-mass spectro-
metry (GC-MS) using commercial mass spectrum libraries 
(MPW2016, Wiley10, Designer Drugs 2014, NIST17 and Pragst UV- 
Spectra 2007), high-performance liquid chromatography with 
diode-array detection (HPLC-DAD) and headspace-gas 

chromatography-flame ionization detection (HS-CG-FID) [1]. Ethanol 
concentration was determined using two HS-GC-FID methods 
(Perkin Elmer Clarus 590 equipped with two HS, two columns and 
two detectors). The considered value corresponds to the average of 
the values obtained with 2 replicates for each method (n = 4). Elite- 
BAC-2 Advatage column (30 m x 0.32 mm ID x 0.6 µm film thickness) 
and J&W HP-Innowax column (30 m x 0.32 mm × 0.5 µm film thick-
ness) were used. 0.2 g of sample were weighed in HS vial, as well as 
1 g of ammonium sulfate 1 M containing dioxane 0.04%, respectively 
acetonitrile 0.04% as internal standards. Six commercial solutions 
(Lipomed, Switzerland) were used for calibration (0.25, 0.5, 1, 1.5, 2, 
and 3 g/kg). For concentrations >  4 g/kg, samples were reanalyzed 
after water dilution. 

First toxicology results showed high ethanol concentration in 
peripheral blood from the femoral vein (2.04 g/kg) but negative 
ethanol concentration in urine; these results led to measure ethanol 
concentration in vitreous humor, which was also negative. After 
exclusion of possible artifact due to sampling or measurement 
technique, decision was taken to measure ethanol concentration in 
all available biological samples (brain, cerebrospinal fluid, vitreous 
humor, cardiac blood, cardiac muscle, pericardial fluid, stomach 
content, liver (external part of right lobe), bile, skeletal muscle (m. 
psoas), urine (2 samples), peripheral blood (5 samples from the fe-
moral vein) and peripheral serum from the femoral vein) (results are 
shown in Fig. 2). In addition, ethyl glucuronide (EtG) and ethyl sul-
fate (EtS) were also measured in all samples and a hair sample (re-
sults are shown in Table 1), phosphatidylethanol (PEth) was 
measured in a blood sample, CDT, ASAT, ALAT and GGT were also 
measured in blood serum, and ethanol congeners were measured in 
stomach content (results are shown in Table 2). Concentrations of 
congeners, such as acetone, 1-propanol, and isobutanol, were de-
termined using HS-GC-FID methods (Agilent 6850 Network GC 
system coupled to Agilent G1888 Network HS sampler). HP-Innowax 
column (30 m x 0.535 mm × 1 µm film thickness) was used. Six 
commercial solutions (Medidrug BGS W-cal, Medichem, Germany) 
were used for calibration. 

Based on the result of all investigations, the cause of death was 
attributed to mechanical asphyxia by hanging. Considering the 
unusual discrepancy between the ethanol concentrations in our 
samples, which was very high in stomach content, high in femoral 
blood and negative in urine and vitreous humor, we assumed that 
femoral blood ethanol concentration measured in our samples was 
the result of postmortem (PM) diffusion and did not reflect the fe-
moral blood ethanol concentration at the time of death, which 
should have been negative, as shown by urine and vitreous humor 
concentrations. Therefore, the man had the ability to act when he 
hung himself. 

3. Discussion 

3.1. PM ethanol diffusion 

In the realm of forensic pathology, ethanol is one of the most 
frequently encountered xenobiotics and its consumption is a 
common precursor to suicide [2]. PM blood ethanol estimation must 
take in account antemortem (AM) factors, such as ingested quantity, 
route of consumption and pharmacokinetic state at the time of 
death, but also PM factors, such as PM production (through pu-
trefactive process) or post-sampling production (fermentation re-
lated to microbial contamination of samples), and PM ethanol 
diffusion and/or redistribution. 

PM drugs diffusion and redistribution artifacts have been long 
described [3]; the main mechanism seems to be a diffusion along a 
concentration gradient from solids organs (e.g. liver or lung) into the 
blood (e.g. pulmonary artery, pulmonary vein and inferior vena cava) 
and then in cardiac chambers and other vessels. This means that 

Fig. 1. (A) General view of the opened stomach and duodenum; (B) Detail of the 
stomach mucosa with its brown color and its highly preserved plication. (For inter-
pretation of the references to color in this figure legend, the reader is referred to the 
web version of this article.) 

V. Marti, M. Augsburger, C. Widmer et al. Forensic Science International 328 (2021) 111046 

2 



drug concentration in PM blood may not reflect AM concentration. 
“Redistribution” has been typically used to describe movement of 
drugs along a concentration gradient through blood vessels; on the 
other hand, “diffusion” has been typically used to describe diffusion 
of drugs across organs, such as from the stomach to the liver [4]. 

PM ethanol diffusion is a debated issue [5]. Some authors found 
substantial site-dependence blood ethanol concentration (mainly 
related to diffusion of ethanol from the stomach in the heart 
chambers between time of death and sample collection, even with 
intact gastric wall) with significant difference between heart and 
peripheral blood concentrations. Turkel & Gifford described higher 
ethanol concentration in heart than in femoral blood in 35 out of 75 
autopsies [6]; however, heart blood sampling had been made by 
transecting the major vessels in the mediastinum and collecting the 
blood which pooled in the pericardial sac, which is currently not 
recommended, because of contamination risk. Another described 
diffusion route could be increased pulmonary vein blood ethanol 
through agonal regurgitation of gastric content and aspiration of 
ethanol-rich gastric fluid in the blood-rich pulmonary system [7]; 
they even suggested that even without agonal vomiting, gastric fluid 
might enter the airways as a result of PM relaxation of the esopha-
geal sphincter and passive regurgitation. On the other hand, other 
authors found only relatively small differences in the heart and fe-
moral blood ethanol concentrations; Plueckhahn even concluded 
that under normal circumstances and with proper attention to 
procedure, PM diffusion of ethanol from intact stomach to heart 
cavities was unlikely even with a high ethanol concentration in 
stomach content [8]. 

Even today some aspects remain unclear, such as which sampling 
site would be most appropriate, or whether or not the water content 
of blood samples should be considered (mainly because of PM de-
siccation and putrefactive process) [9]. PM diffusion could be also 
related to AM factors such as time of last drink before death, 
quantity and strength of the beverage and dilution with food in the 
stomach. Estimating blood ethanol concentration based on con-
centration from another sample (urine, vitreous humor) is quite 
hazardous. 

PM ethanol diffusion from the stomach to surrounding tissues 
has already been described [10,11]. The interpretation of the ethanol 
concentrations in the case described by Singer & Jones was limited 
by a state of mild decomposition and by an uncertainty of inter-
pretation of ethanol value in femoral blood sample due to potential 
mislabeling [10]. To our knowledge, no case of PM ethanol diffusion 
has been described in a case of suicide by hanging; this position 
could prevent or reduce agonal regurgitation and contamination of 
lung tissue by ethanol-rich gastric content. By comparison, Table 3 

Fig. 2. Ethanol concentration in all samples (each value comes from a different sample).  

Table 1 
EtG and EtS concentrations in the tested samples.      

Sample EtG [ng/ml] EtS [ng/ml]  

Periph. blood (NaF) sample nb. 1 - - 
sample nb. 2 - - 
sample nb. 3 92 71 
sample nb. 4 96 93 

Periph. blood (EDTA) 100 94 
Periph. serum 330 130 
Urine sample nb. 1 2300 760 

sample nb. 2 1500 510 
Skeletal muscle (psoas) 42 44 
Bile 13000 300 
Liver 3100 280 
Stomach contents 830 1000 
Cardiac blood (NaF) 380 100 
Cardiac muscle 210 48 
Brain – – 
Cerebrospinal fluid 410 52 
Vitreous humor 250 100 
Pericardial fluid 360 100 
Hair 24 [pg/mg] – 

Table 2 
PEth, CDT, ASAT, ALAT, GGT and ethanol congeners’ concentrations in the tested 
samples.     

Sample Parameters Results  

Periph. blood (NaF) PEth [ng/ml] 
Acetone [mg/l] 

500.0  
<  5.0 

Periph. serum CDT [%] 
A-Sialo [%] 
Di-Sialo [%] 

ASAT [U/L] 
ALAT [U/L] 
GGT [U/L] 
Acetone [mg/l] 

2.0 
0.6 
1.4 

630.0 
630.0 
29.0  

<  5.0 
Skeletal muscle (psoas) Acetone [mg/l]  <  5.0 
Stomach contents 1-propanol [mg/l] 

Isobutanol [mg/l] 
130.0 
71.0 
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shows ethanol values in biological samples in our case and in the 
scientific literature. In addition, ethanol urine/blood ratio measured 
in 12 other “standard” hanging cases in our center were from 0.77 
to 2.07. 

Since we don’t use ethanol in the autopsy room, no sampling 
contamination could have occurred. Sampling technique had been 
performed as a routine from the femoral vein following proximal 
cross-clamping and from the bladder; blood had been stored in ad 
hoc conditions (fluorinated tubes, stored at 4 °C), therefore excluding 
post-sampling ethanol production. Ethanol measurement had been 
conducted following up-to-date recommendations and results were 
reliable. 

3.2. Current case interpretation 

In our case, gastric content ethanol concentration showed that 
the deceased ingested a fair quantity of alcoholic beverage before 
death; according to Bonte, ethanol congeners would be congruent 
with composition of rum [12]. Negative vitreous humor and urine 
concentrations would be congruent with the absence of AM ethanol 
absorption and distribution to organs. Skeletal muscle concentration 
is usually thought to reflect the blood concentration; in our case, its 
ethanol concentration (coming from either right or left m. psoas 
lying in close proximity with the stomach) would also be consistent 
with PM diffusion rather than AM absorption and in vivo distribu-
tion. Ethanol concentration measured in the other matrices (peri-
cardial fluid, cardiac blood, cardiac muscle, bile, liver (from right 
lobe)) would thus reflect passive PM diffusion of ethanol through 
organ walls; furthermore, relatively low results in cerebrospinal 
fluid, which had been sampled after opening the skull, and brain 
tissue support even more the theory of passive PM diffusion rather 
than active AM absorption and distribution. Unfortunately, we did 
not sample lung fragment for toxicological analysis; this could have 
been useful in order to exclude contamination such as described 
previously [3,7]. Although, since we only noticed a small amount of 
brownish material in the esophagus and no evidence of gastric 
material in the pharynx and in the respiratory tract, this diffusion 
pathway was not considered significant in that particular case. 
Considering these results, the fixed aspect of the gastric wall and the 
strong aromatic odor at the opening of the abdominal cavity, the 
possibility of ethanol diffusion through the intact gastric wall seems 
highly plausible. Jungmann and al. previously reported a case of 
suicide involving the consumption of a highly concentrated alcoholic 
beverage, with a fixed aspect of the gastric wall visible at the autopsy 
after a PM period of five days [13]. 

Regarding ethanol consumption habits of the deceased, PEth 
concentration in peripheral blood and CDT concentration in 

peripheral serum were in favor of regular and important ethanol 
consumption during days and weeks preceding death, and EtG 
concentration in hair spoke for regular ethanol consumption during 
the 5–6 month preceding death [14,15]. As ASAT and ALAT values are 
likely to increase after death, we did not interpret these values as 
chronic ethanol consumption signs; regarding GGT level, which had 
been described as stable or instable in PM peripheral serum de-
pending on authors, the postmortem GGT value was interpreted as 
within normal range [15]. 

Ethanol diffusion through organ walls has been described as 
broadly proportional to the concentration gradient and to time lap; 
it has been described as inhibited by refrigeration at 4 °C [16]; fur-
thermore, membrane permeability, quantity and strength of the al-
coholic beverage and possible dilution with stomach content play a 
role as well [9]. In our case, a maximum of 14 h elapsed between the 
time of death and the discovery of the body (with the body in up-
right position), and 24 more hours between death scene examina-
tion and autopsy (with the body lying, refrigerated at 4 °C); a 
maximum of 39 h elapsed between death and blood and urine 
sampling. 

Regarding ethanol concentration in abdominal cavities, organs 
and vessels, this raises a question about the negative ethanol con-
centration in urine: why ethanol won’t be capable of crossing the 
bladder wall? To our knowledge, only one case report described PM 
diffusion of drugs (diphenhydramine and dihydrocodeine) from the 
bladder into venous blood [4], but no case has been described with 
diffusion from peripheral blood or from abdominal cavity into the 
bladder. In our case, diffusion of ethanol through the bladder wall 
may have been prevented by inhibiting factors such as refrigeration, 
and the absence of thinning of the bladder wall, because the bladder 
was relatively empty (only 45 ml of urine). 

In this case, we considered that blood ethanol concentration at 
the time of death must have been insignificant, due to the short time 
interval between alcohol consumption and death (as shown by ne-
gatives results in vitreous humor and in urine) and concentrations 
measured in other samples were the result of PM diffusion. Factors 
contributing to such an artifact would be the high concentration 
gradient as described by Pounder & Jones [3]. The role of the upright 
position could also have had an influence on the distribution pattern. 

4. Conclusion 

In case of forensic necessity of investigating vitality and ability to 
act at the time of death, toxicological analysis is mandatory. 
Concerning ethanol measurement on PM samples, peripheral blood 
and urine taken by needle puncturing are of choice. 

Table 3 
Ethanol concentrations in urine and blood samples in our case, in other cases of hanging after alcohol consumption in our center and in the scientific literature.           

Ethanol concentrations Periph. blood [g/kg] Urine [g/kg] Cardiac blood [g/kg] Vitreous humor [g/kg] Bile [g/kg] Liver [g/kg] Stomach content [g/kg]  

Current case 1.53–2.04  <  0.10 1.73  <  0.10 54 0.26 168 
Local comparative cases #1 0.39 0.78      

#2 0.46 0.95      
#3 0.78 0.90      
#4 1.43 1.55      
#5 1.49 1.94      
#6 1.56 2.31      
#7 1.77 2.84      
#8 1.81 1.40      
#9 1.88 2.71      
#10 2.57 3.41      
#11 2.57 3.41      
#12 3.29 4.82      

Singer & Jones case[8] 2.57–2.73 [g/l] 0.83 [g/l] 6.43 [g/l] 7.63 [g/l] 6.16 [g/l] 2.50 46.60 [g/l] 
Pélissier-Alicot et al. case[9] 0.63 [g/l]  0.60–2.08 [g/l]  0.83 [g/l]  5.76 [g/l] 
Jungmann et al. case[11] 6.62  8.11    75 [g/l] 
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When contradictory results show up in PM analysis, the first step 
is to exclude a technical error (sampling, storage, measure, analysis, 
interpretation). Then, it could be worth analyzing complementary 
samples. The sole PM blood ethanol concentration should not always 
be considered as equal to AM value due to several phenomenon 
known to happen after death (e.g. putrefactive process and fer-
mentation related to microbial activity). In this case, even with high 
ethanol concentration in peripheral blood, we finally concluded that 
those values did not reflect the degree of ethanol intoxication at the 
time of death; we rather think that a certain amount of highly 
concentrated alcoholic beverage has been ingested shortly before 
death, with virtually no vital ethanol absorption. 

When interpreting PM ethanol concentration in fluids and tis-
sues, diffusion and redistribution artifacts must be taken into ac-
count. For this reason, we recommend analysis of fluids from 
different sample sites. Many diffusion pathways have been described 
in literature, such as diffusion through intact gastric wall, active and 
passive contamination of lungs via gastric content, or even diffusion 
from the bladder into femoral blood. 
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