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FORENSIC TOXICOLOGY

Ethyl and isopropyl alcohol poisonings: standardised approach for post-
mortem evaluation of the toxic interaction
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Ieva Plentaite5

 _________________________________________________________________________________________
 Abstract: Evaluation and reporting of the combined toxic effects of ethyl and isopropyl alcohols is inconsistent, thus 
presenting both professional and legal challenges in forensic practice. We screened 5257 post-mortem examination reports for 
presence of isopropyl alcohol (IP) in deceased person‘s blood. 174 cases such cases where identified and included in the study. In 
61 of those established cause of death was attributed to a toxic lethal effect of ethyl and isopropyl alcohols and in remaining 113 
cases toxins detected in urine and blood were not linked to the cause of death. The first group was assessed for potential of hyper-
diagnosis and the second group for hypo-diagnosis. In this study we have introduced the concept of Theoretical Ethanol Toxicity 
Equivalent (TETE), which offers a standardised method of assessing and reporting cumulative toxic effects of both substances.  
TETE concept is based on the previously published data on the individual toxicity of ethyl and isopropyl alcohols. Application 
of TETE method identified 13% incidence of potential hyper-diagnosis in the first group and 9% incidence of potential hypo-
diagnosis in the second group.
 Our data suggests that there is marked variation in the way combined toxic effects are reported and interpreted, therefore 
standardised approach is needed. Routine use of TETE method could increase the accuracy and consistency of the post-mortem 
examination conclusions.
 Key Words: Ethanol, isopropanol, toxic interaction, hypo-diagnosis, hyper-diagnosis. 
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INTRODUCTION

 Estimation and evaluation of acute toxic effect 
of ethyl (ET) and isopropyl alcohol (IP) is important in 
determining the treatment options, legal responsibility 
of the person set by law enforcement authorities and 
cause of death. Reliability of forensic examination of 
the toxic effects of these substances is a prerequisite for 
successful treatment and the implementation of justice. 
Separate acute toxic effects of ET and IP are exhaustively 
considered in publications making individual diagnostics 

of the alcohols sufficiently reliable. However, acute toxic 
inter-action of the alcohols is rarely discussed. There are 
sporadic articles stating estimated amounts of ET, IP and 
acetone (AC) without interpretation and evaluation of 
their interaction. Lack of reliable methodology results 
in divergent physicians’ attitudes to the toxicity of the 
alcohols and not infrequently leads to rather intuitive 
conclusions based on a wide range of criteria and 
treatment tactics. For this reason conclusions presented 
to the law enforcement authorities may differ even in 
identical cases. Our aim was to define possible diagnostic 
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uncertainties and propose criteria for uniform evaluation 
of cumulative toxic effects of ET, IP and AC. Our study 
evaluated blood concentrations of ET, IP and AC of 
the deceased persons. The cases of possible hyper- and 
hypo-diagnostic of ET and IP acute toxic effects were 
established and causes of diagnostic discrepancies were 
analysed. Based on this analysis we propose a method for 
evaluation of acute toxic interaction of ET and IP.

MATERIAL AND METHODS

 Study was carried out at the Vilnius Unit of The 
State Forensic Medicine Service (SFMS), during the period 
of 2011-2013. SFMS performs approximately quarter of 
all autopsies in the Lithuanian Republic (LR). Presence 
of isopropyl alcohol (IP) in deceased person‘s blood was 
a single inclusion criterion for this study. The cause of 
death, catamnesis, autopsy examination findings, blood 
and urine concentrations of ET (ethyl alcohol), IP, AC 
(acetone), results of other laboratory tests and diagnosis 
of intoxication were evaluated in all cases selected for the 
study. All cases were divided into two groups based on 
the conclusion of post-mortem examination. First group 
was nontoxicity deaths (NTD), cases where the toxic 
substances were deemed to have no impact on death and 
second group were toxicity related deaths (TRD), cases 
where acute toxic effect of IT, ET and AC was indicated 
as the primary cause of death. While evaluating levels of 
intoxication determined by the experts we reviewed what 
sub-stance concentrations accounted for diagnosis and 
how cumulative toxicity was interpreted.
 Subsequently all cases were re-assessed 
according to the proposed model of Theoretical Etha-
nol Toxicity Equivalent (TETE). This model is based 
on multiple evidence, that toxic effects of IP, AC and 
ET are similar and primarily manifest by suppression 
of central nervous system (CNS) [2-5, 7, 8, 10, 16, 17]. 
This concept assumes, that each substance exhibits 
equiva-lent toxicity to ET, therefore cumulative toxicity 
is calculated as TETE = ET(‰)+IP(‰)+AC(‰). TETE 
value was used as a primary assessment tool in this 
study. For the cases with uncertain diagnosis we have 
also used a secondary tool TETE-1. It is based on limited 
evidence that CNS suppressant potency of IP is double 
compared to ET [2, 4, 5, 7, 8, 10], therefore TETE-
1=ET(‰)+IP(‰)×2+AC(‰). In this context TETE 
demonstrates the minimum cumulative toxic effect of 
three substances and TETE-1 represents actual or maxi-
mum effect. Intoxication severity scoring according to 
TETE and TETE-1 were compared to the levels legally 
established in the LR: mild intoxication (blood alcohol 
concentration from 0,41 to 1,5 ‰), moderate (1,51-
2,5‰) and severe (above 2,5‰) [1]. In terms of legal 
interpretation, above mentioned levels of intoxication 
are based on the blood alcohol concentration with no 
indication as to the kind of alcohol.

TETE cut-off value of 3,5‰ was selected to identify 
potential cases of hyper and hypo diagnosis and is 
based on published data that concentrations above this 
level have potential to cause death [6, 9, 12, 14]. TETE 
≥3,5‰ in NTD group were reviewed for potential hypo-
diagnosis and TETE < 3,5‰ in TRD group considered as 
potential hyper-diagnosis.
 We have also carried-out additional analysis of 
the asphyxia cases where TETE was ≥ 2,0‰. The latter 
limit was chosen because such concentration has been 
shown to induce vomiting and suppress CNS, resulting 
in disturbances of consciousness, reduced sensitivity of 
respiratory tract mucosa, impaired cough and glottic 
reflex increasing the risk of gastric aspiration [2, 4, 9, 11-
14, 16].
 In order to ascertain the relevance of the problem, 
publications were reviewed using PubMed and WOLTERS 
Kluwer Ovid SP information databases using key words 
such as: “isopropanol”, “isopropyl alcohol”, “2-propanol”, 
“propan-2-ol”, rubbing alcohol”, “ethanol”, “ethanols”, 
“ethyl alcohol”, “ethyl alcohols” combining the key words 
with the following words: “intoxication”, “interaction”, 
“hypodiagnosis”, “hypodiagnoses”, “hyperdiagnosis”, 
“hyperdiagnoses”, “poisoning”, “poisonings”, “diagnosis”, 
“diagnoses”. 
 Gas chromatography (GC/HS) was used to 
identify toxic substances. All tests were per-formed in the 
Toxicological Laboratory of The State Forensic Medicine 
Service (SFMS) of the Lithuanian Republic. Laboratory 
participates in chemistry interlaboratory proficiency 
scheme under LABQUALITY program since 2004 and 
received excellence performance certificates every year.
 All concentrations are presented as 
mean±standard deviation (minimum value - maximum 
value).

RESULTS

 Five thousands and twenty-seven post-mortem 
examination reports were screened for presence of 
isopropyl alcohol (IP) in deceased person‘s blood. 
One hundred seventy-four cases where identified and 
included in the study. No post-mortem phenomena 
were identified that could have resulted in alterations of 
chemical substances in the deceased‘s body except of a 
single case where the decomposition of the body was so 
severe that the death cause remained unspecified (the 
case is presented separately in the Table 1). The review 
of conclusions regarding intoxication level drawn by the 
experts of forensic medicine showed that three different 
methods were used. In 50% of cases cumulative effect of 
ET, IP and AC concentrations was considered (equivalent 
to TETE). In 5% of cases reports stated concentrations of 
individual toxic substances measured, however did not 
conclude on the overall level of intoxication. The remaining 
45% of conclusions evaluated only concentration of ET 
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leaving concentrations of IP and AC without assessment, 
i.e. intoxication level was determined by ET concentration 
alone. Application of TETE method demonstrated that the 
latter approach resulted in underestimation of cumulative 
toxic effect in 49 cases (28%).
 One hundred thirteen cases were included in 
NTD group and 61 cases in TRD group. In both groups 
near 60% of females died having attained the sixth life 
decade and 70 % of males died having attained the sixth 
and seventh life decade.
 Non-toxicity related deaths. There were 13 
females (age 35-67 years) and 100 males (30-73 years) 
in NTD group. The average concentrations of toxic 
substances in NTD group were: blood - ET 1.94±0.11‰ 
(0.17-6.28), IP 0.42±0.02‰ (0.11-2.67) and AC 
0.28±0.01‰ (0.10- 0.78), urine - ET 2.55±0.12‰ (0,26-
4.79), IP 0.47±0.03‰ (0.11-2.50) and AC 0.38±0.02‰ 
(0.11-1.04). Review of death causes, blood and urine 
ethyl, isopropyl and acetone concentrations in the NTD 
group is provided in Table 1.
 According to TETE there were 23 cases of mild 
intoxication, 30 cases of moderate intoxication and 
60 cases of severe intoxication. Distribution of TETE 
values is presented in Figure 1. TETE ≥3,51‰ in 26 
cases correspond to possible lethal concentrations. Out 
of the latter 18 cases were excluded because established 

death cause was incompatible with life: hypothermia 
in 12 cases, drowning in 2 cases, multiple injuries in 2 
cases, toxic effect of drugs in 1 case, toxic effect of carbon 
monoxide in 1 case and one case of gastric aspiration. 
Thus 7 cases were left with doubtful death cause and they 
were evaluated as possible cases of hypo-diagnosis of toxic 
ET and IP interaction: 2 cases of ischemic heart disease, 4 
cases of alcoholic liver disease and a case of chronic toxic 
alcohol effect with prevalence of heart and liver lesions. 
Estimated TETE-1 concentrations of all these seven 
cases were above 4.0‰ and in 5 cases it even exceeded 
4.5‰. (Table 3). Potential hypo-diagnosis should be 
also considered in 3 cases of asphyxia, as toxicity was 
the most likely direct cause of gastric aspiration. TETE 
analysis suggests, that toxic effects were underestimated 
in 10 cases (9%) in the NTD group 2 leading to potential 
hypo-diagnosis.
 Toxicity related deaths. 61 cases were included 
in TRD group, 8 females (age 45-61 years) and 53 males 
(18-71 years).
 The concentrations of toxic substances in the 
TRD group were: blood - ET 3.00±0.15‰ (0.24,-5.92), IP 
0.46±0.04‰ (0.14-2.2) and AC 0.27±0.02‰ (0.10-1.14), 
urine - ET 3.55±0.16‰ (0.32-6.33), IP 0.51±0.06‰ 
(0.14-3.06) and AC 0.34±0.03‰ (0.11-1.36).
 Analysis according to TETE method revealed 

„-“ – no urine found.

Death cause Number of cases Average of blood and urine* comorbides of deceased
Ethanol ‰ Isopropyl ‰ Acetone ‰

Hypothermia 54 1.82±0.16
2.41±0.17*

0.48±0.05
0.54±0.05*

0.29±0.01
0.37±0.02*

Body contusions 14 1.80±0.28
2.63±0.32*

0.36±0.06
0.35±0.04*

0.23±0.03
0.31±0.05*

Liver diseases: alcohol (7 
cases). cirrhosis (2 cases) 9 2.36±0.42

2.61±0.43*
0.53±0.06
0.54±0.08*

0.38±0.06
0.54±0.08*

Ischemic heart disease 7 1.98±0.50
2.44±0.65*

0.30±0.04
0.35±0.07*

0.26±0.03
0.31±0.06*

Toxic effect of carbon mon-
oxide

7
(HbCO- 53.6±6.6 %)

2.53±0.13
3.07±0.17*

0.38±0.04
0.39±0.04*

0.23±0.03
0.38±0.09*

Neck loop strangulation 6 1.87±0.33
2.34±0.44*

0.30±0.06
0.34±0.07*

0.25±0.03
0.33±0.04*

Drowning 3 2.51±0.85
2.96±0.90*

0.32±0.06
0.37±0.08*

0.25±0.02
0.39±0.07*

Aspiration 3 2.98±0.65
3.75±1.04*

0.25±0.04
0.39±0.04*

0.18±0.02
0.21±0.01*

Chronic toxic ethyl alcohol 
effect 3 1.33±0.81

1.71±0.69*
0.42±0.16
0.48±0.23*

0.37±0.04
0.62±0.21*

Drugs toxic effect 3 2.35±0.56
3.32±0.51*

0.39±0.38
0.49±0.05*

0.37±0.04
0.39±0.05*

Hypertension 1 0.17
0.17*

0.18
0.26*

0.18
0.3*

Kidney tumor 1 0.21
-

0.13
-

0.35
-

Unspecified cardiomyopathy 1 1.15
-

0.46
-

0.27
-

Cause undetermined due to 
decay 1 3.00

4.47*
0.30
0.4*

0.11
0.17*

Table 1. Review of death causes and blood and urine (*) ethyl, isopropyl and acetone concentra-tions in cases of non-toxicity 
deaths (NTD group)
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that in TRD group there were 8 cases where intoxication 
was only mild to moderate and would have been unlikely 
to result in death (Table 2). Distribution of TETE values 
in TRD group is presented in Figure 2. We have identified 
further 16 cases of severe intoxication where TETE 
value was less than 3,5‰. However, secondary analysis 
demonstrated that TETE-1 value in all 16 cases exceed 
3.51‰, corresponding to the concentrations that can 
lead to death, therefore these were assessed as diagnosed 
correctly. TETE values in the remaining 37 cases in the 
TRD group were above 3.51‰, therefore diagnosis of 
toxicity related death was unquestionable.
 Considering above it is clear that cumulative 
toxic effect established as death cause in 53 cases (87%) 

out of 61 cases of the TRD group was beyond doubt. 
However, remaining 8 cases (13%) are questionable as the 
amounts of toxic substances measured did not reach lethal 
concentrations. The uncertainty is confirmed by the fact 
that there was no catamnestic data suggesting increased 
alcohol sensitivity in any of the 8 cases. Atherosclerotic 
plagues were found in coronary arteries narrowing lumen 
by 25-50% in four of these cases, up to 25% in one case 
and macroscopic evidence of focal myocardial lesions in 
three cases. Blood glucose was tested in only two cases 
(the result was 7.1 and 1.6 mmol/L), glycogen was tested 
in liver, skeletal and cardiac muscles in one case and 
reduced amount was found. No other additional tests 
were carried out in these cases.

Figure 1. Distribution of TETE values in non-toxicity related 
deaths group.

Figure 2. Distribution of TETE values in toxicity related deaths 
group.

Intoxication 
level Gender Age

(years)

Blood
TETE

ET+IP+AC ‰

Blood
TETE1

ET+(IPx2)+AC ‰

Blood and urine*  toxic substances
ET
‰

IP
‰

AC
‰

Mild

F 52 0.66 0.80 0.24
0.32*

0.14
0.14*

0.28
0.34*

M 61 1.25 1.69 0.41
0.83*

0.44
0.50*

0.40
0.58*

F 52 1.35 1.55 1.00
2.53*

0.20
0.23*

0.15
0.23*

M 46 1.50 1.82 0.82
-

0.32
-

0.36
-

Moderate

M 43 1.80 2.12 1.16
1.49*

0.32
0.42*

0.32
0.35*

M 71 2.06 2.26 1.49
2.29*

0.20
0.25*

0.37
0.5*

F 51 2.23 2.75 1.39
3.27*

0.52
0.7*

0.32
0.44*

M 50 2.54 2.83 2.08
2.62*

0.29
0.34*

0.17
0.19*

Table 2. Blood and urine ethyl, isopropyl and acetone concentrations and calculated TETE and TETE-1 values in potential cases 
of hyper-diagnosis in the group of toxicity related deaths (TRD group)

„-“ – no urine found.



388

Plenta J. et al. Ethyl and isopropyl alcohol poisonings: standardised approach for post-mortem evaluation of the toxic interaction

DISCUSSION

 Summing up review of literature sources we 
can state that no interpretation of ET, IP and AC toxic 
interaction was found. So a certain equivalent for evaluation 
of toxicity of mentioned substances is needed as a basis 
for complex evaluation of toxic effect of the substances. 
Isolated acute toxic effects of ET or IP alcohols have been 
extensively discussed in the published literature, hence 
diagnostics of single alcohol poses no difficulties. Leikin et 
al. [15] demonstrated that death usually occurs at IP serum 
levels of 2.0‰ if no medical supportive care. However, 
concentration as little as 1.28‰ is associated with profound 
lethargy and death can also occur at this level. Recent 
paper suggests even lower IP threshold levels of 0.38‰ 
being related to toxic effect, 1.15‰ causing deep coma and 
1.53‰ associated with death [5]. ET serum concentration 
of 3.0‰ can be associated with coma and fatalities. Toxic 
blood level for AC is 3.3‰. However, assessment of toxic 
interaction of the alcohols is not sufficiently clear. Our 
study demonstrated significant variation in methodology 
of toxicity assessment and potential causes of hyper and 
hypo-diagnosis. There is limited number of publications 
analysing cumulative toxicity of ET, IP and AC and we 
were unable to identify publications suggesting possible 
integrated evaluation of this interaction.
 Some other publications highlight the issue of 
underestimated toxicity effects. Retrospective review of 
ischemic heart disease (IHD) register, covering 14-year 
period, demonstrated that 8.7% of IHD deaths may be 
attributable to alcohol toxicity [13]. This demonstrates 
the potential extent of hypo-diagnosis and the numbers 
quoted closely correlate with the results of our study. This 

is further complicated by the fact that in selected cases 
ethanol concentrations be-low 3‰ can cause death, 
provided individual is intolerant to ethyl alcohol [11]. Our 
study demonstrates, that insufficient catamnesis collected 
and failure to perform all additional tests (expanded 
chemical, biochemical and histological tests) could be the 
cause of possible hyper-diagnosis. Thus while diagnosing 
deaths caused by alcohol concentrations below 3‰ 
alcohol intolerance should be confirmed and any other 
possible causes ruled out. It has to be noted that non-
lethal alcohol quantities may exacerbate chronic diseases 
such as ischemic heart disease (pronounced evidence of 
ischemic heart disease was found in 6 out of 8 cases of 
potential hyper-diagnosis).
 Integrated model providing standardised 
approach to cumulative toxicity would resolve significant 
proportion of uncertainties listed above and ensure that 
forensic conclusions are sound in both diagnostically 
and legally and most importantly are reproducible 
amongst different experts. TETE approach offers exactly 
that model. It is easy to perform and can be adapted to 
different legal systems and different toxicity thresholds. 
It would also provide a uniform reporting basis, allowing 
comparison of multi-centre, international data.
 There are several limitations to this approach. 
Defining exact lethal level for each substance is difficult 
as there are marginal differences in the different sources 
of published data. Proposed TETE value appears to be a 
satisfactory compromise indicating the toxicity level that 
is definitely comparable to that of ethanol alone. TETE-
1 demonstrates our attempt to take into consideration 
potential variability in toxicity. TETE-s is probably more 
susceptible to criticism, hence require further research. 

Death cause
(number of cases) Gender Age, years TETE

‰
TETE-1

‰
Blood and urine* toxic substances
ET ‰ IP ‰ AC ‰

Ischemic heart disease
(2)

M 53 3.91 4.11 3.57
3.81*

0.20
0.19*

0.14
0.11*

M 61 4.49 4.78 3.86
4.06*

0.29
0.43*

0.34
0.31*

Chronic toxic alcohol   effect (1) M 55 3.71 4.14 2.93
2.91*

0.43
0.35*

0.35
0.46*

Liver alcohol disease
(4)

M 54 4.08 4.69 3.10
3.52*

0.61
0.58*

0.37
0.49*

M 56 4.54 5.23 3.48
3.20*

0.69
0.65*

0.37
0.51*

M 39 4.87 5.49 3.47
3.94*

0.62
0.66*

0.78
0.91*

M 49 4.84 5.43 3.96
3.31*

0.59
0.54*

0.29
0.47*

Gastric aspiration
(3)

M 56 2.22 2.43 1.87
2.71*

0.21
0.43*

0.14
0.11*

F 57 3.36 3.57 2.95
-

0.21
-

0.20
-

M 33 4.64 4.97 4.11
4.79*

0.33
0.35*

0.20
0.31*

Table 3. Blood and urine ethyl, isopropyl and acetone concentrations and calculated TETE and TETE-1 values in cases of potential 
hypo-diagnosis in the NTD group (where blood toxic substances ethyl, isopropyl and acetone measured were not death causes)

„-“ – no urine found.
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Nevertheless, this method allows continuous improvement. 
As more research is performed and more toxicity data 
becomes available, TETE-1 can be adjusted accordingly, 
reflecting the best available evidence of the day. In-spite of 
minor limitations TETE can be a very useful tool in everyday 
practice in assessing cumulative toxicity of ET, IP and AC.

CONCLUSIONS

 There is considerable variation in the way 
cumulative toxic effects of ethyl, isopropyl alcohols 

and acetone are interpreted. Theoretical Ethanol 
Toxicity Equivalent model provides standardised way 
of interpreting cumulative toxicity of these substances. 
Based on this model we found that according to our 
study groups hyper-diagnosis was possible in 13% hypo-
diagnosis in 9% of cases. Further research is required to 
confirm validity of this model.
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