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Abstract The material for the study was forensic medical examination of the corpses of people who died from acute and
chronic drug poisoning, which were divided into the following groups: 1) acute drug poisoning - 18 cases (25%) ended in
death; 2) 53 cases (75%) of non-fatal intoxications. The collected materials were analyzed: case histories, conclusions of
forensic chemical analyzes of blood and urine of victims of acute drug poisoning, in order to establish the risk of mortality
depending on the concentration of morphine in the blood. In all cases, opiate poisoning was verified by the case materials,
the clinical picture of intoxication, and intravital quantitative detection of opiates and their metabolites in the blood and urine.
To obtain the necessary information, according to the forensic chemical analysis, the initial level of the main metabolite
of opiates, morphine, in the blood (in units of SI-ug/ml) was established. Thus, we have constructed probit-graphs "poison
concentration-effect”. Based on the obtained graphical data, the possibility of death in a different range of poison
concentrations was assessed. On the abscissa axis of the graph, a coordinate point corresponding to the level of morphine in
the blood was determined, and a perpendicular was mentally drawn until it intersects with the curve of the graph, then
continuing it with a parallel (horizontal) line to the left until it intersects with the y-axis. The points of intersection of this
conditional line with the y-axis corresponded to the risk of death at this concentration of morphine in the blood. Thus, it is
possible to determine the immediate cause of death, based on the concentration of morphine. The developed probit-graphs of
the “poison concentration-effect” dependence allow for a quantitative assessment of the risk of death in the entire range of
morphine concentrations in the blood, and this makes it possible to determine the severity of a chemical disease (threshold,
critical, fatal). Comparison of the main morphological manifestations of opiate poisoning with the immediate causes of death
of the victims and the clinical picture of poisoning makes it possible to determine the main types of thanatogenesis, and each
type of death has its own characteristic complex of clinical and morphological features. This enables the forensic expert to
objectively establish not only the main cause of death, but also the type of thanatogenesis indicating the direct cause of death.

Keywords Probit-plot, Concentration thresholds, Structural portrait of a chemical disease, Characteristic and cluster
analyses, Thanatogenesis

increase in cases of overdoses of narcotic drugs. The number

1. Introduction

The history of the emergence, distribution, medical use,
and then the non-medical "development" of opiates has at
least 5,000 years. One of the widely used drugs are opiates -
opium surrogates, morphine and heroin. Drug addiction is
one of the main medical and social problems of our time. Its
spread leads to a continuous increase in mortality from acute
drug poisoning, as well as from complications of chronic
drug intoxication [1,3,12]. Currently, the number of cases of
drug poisoning is continuously growing [4,5,6,8,9]. They
occupy a significant place both in the total number of all
poisonings and in the entire forensic structure of mortality
in general. Articles published on this subject indicate a sharp
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of cases of detection of toxic concentrations of narcotic
substances in the blood and urine of victims with other
causes of death is also growing. At the same time, the
greatest number of deaths as a result of acute poisoning with
these poisons falls on the age from 17 to 23 years and reaches
42% of the total number of fatal poisonings [2,7,11].

Acute poisoning, like other types of violent death, is the
subject of forensic research. Currently, forensic medical
diagnosis of fatal poisoning by narcotic and psychotropic
substances is exclusively based on the results of a forensic
chemical analysis of blood and urine. At the same time,
all cases of a positive determination of opiate metabolites in
the blood, urine and internal organs often come down to the
verdict of a forensic physician that death was caused by drug
poisoning.

However, it should be borne in mind that the detection of a
toxic substance in a biomaterial does not always indicate
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poisoning. In this regard, the search for new quantitative
expert criteria for assessing acute drug poisoning is a very
urgent problem in forensic medicine.

The purpose of the study is a toxicometric analysis
of clinical and morphological parameters in acute drug
poisoning and the development of quantitative criteria for
diagnosing and assessing the severity of a chemical disease.

2. Materials and Research Methods

The material for the study was forensic medical
examination of the corpses of people who died from acute
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and chronic drug poisoning, which were divided into the
following groups: 1) acute drug poisoning - 18 cases (25%)
ended in death; 2) 53 cases (75%) of non-fatal intoxications.
(See Fig. No. 1).

The collected materials were analyzed: case histories,
conclusions of forensic chemical analyzes of blood and urine
of victims of acute drug poisoning, in order to establish the
risk of mortality depending on the concentration of morphine
in the blood. In all cases, opiate poisoning was verified
by the case materials, the clinical picture of intoxication,
and intravital quantitative detection of opiates and their
metabolites in the blood and urine.
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Figure 1. Distribution of victims by poisoning groups (1.2)
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3. Research Results

The key point in the diagnosis of fatal poisoning is the
result of a forensic chemical determination of the metabolic
products of a chemical in tissues and organs. At the same
time, it is not clear why all cases of positive determination of
opiate metabolites in the blood, urine and internal organs
should be attributed to a single category - those who died
from acute opiate poisoning. The qualification of opiate
poisoning almost always depends on how we evaluate
the level of morphine in the urine, blood and sometimes
in the internal organs, then in practice the solution to
the question of exactly fatal poisoning comes down to
clarifying the question - could the detected concentration of
morphine cause death, and if so, then what morphological
manifestations should this condition be accompanied by. To
obtain the necessary information, according to the forensic
chemical analysis, the initial level of the main metabolite of
opiates, morphine, in the blood (in units of SI-pg/ml) was

established. Thus, we have built probit-graphs "poison
concentration-effect".

According to the obtained graphical data, the possibility of
death in a different range of poison concentrations was
assessed. On the abscissa axis of the graph, a coordinate
point corresponding to the level of morphine in the blood
was determined, and a perpendicular was mentally drawn
until it intersects with the curve of the graph, then continuing
it with a parallel (horizontal) line to the left until it intersects
with the y-axis. The points of intersection of this conditional
line with the y-axis corresponded to the risk of death at
this concentration of morphine in the blood. Thus, it is
possible to determine the immediate cause of death, based on
the concentration of morphine. The immediate cause of
death in the first 72 hours was acute intoxication leading
to respiratory paralysis (34.6%). In more distant periods,
death was associated with pneumonia (22.3%), myocardial
dystrophy (5.6%), sepsis (5.6%).
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Figure 3. Probit plot of risk of death versus total morphine blood concentration (ug/mL) in men
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Figure 5. Probit plot of the “"poison concentration-effect" dependence in victims under the age of 25 years
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Figure 6. Probit plot of the "poison concentration-effect" dependence in victims over the age of 25 years

In all cases, during a forensic chemical study, morphine
was detected in the blood (n=48) (1.5+0.06 pg/ml), in 13
victims (27%), morphine was also detected in the urine (from
1.8 £0.04 pg/ml to 4.6 + 0.8 ug/ml).

In addition, using this method, we conducted additional
analyzes of the risk of death for men and for women, as well
as depending on age. (Fig. No. 3,4)

The spread of concentrations in both men and women was
almost the same, however, as the probit graphs show, the
prognosis of the risk of death in men is much higher. In these
graphs, it is more shifted to the left. In addition, they show
that the critical concentration of morphine in the blood of
women (Cn50) was 0.98 pg/ml, while in the blood of men
the lethal concentration was much lower and amounted
to 0.78 pg/ml. The results of a comparative analysis of
probit-graphs of the dependence of the risk of death on the
concentration of total morphine in the blood showed that the
woman's body has a greater resistance to the action of opiates
in the zone of high concentrations, however, as the level of

poison in the blood increases, the sex differences in the
possibility of survival smooth out.

Next, we carried out a comparative analysis of the
probit-graphs of the “poison concentration-effect”
dependence in the age aspect (Fig. 5, 6). All victims were
divided into 2 groups: 1) under 25 years old; 2) over 25 years
old. Studies have shown that the risk of death from acute
opiate poisoning in people under 25 years of age is
significantly higher than in victims over 25 years of age.
Thus, the average content of morphine in the blood of
victims under the age of 25 in our observations was 0.58 +
0.04 pg/ml, and in the blood of victims over the age of 25
years it was 1.17 + 0.06 pg/ml.

The given probit graphs show that the toxicity of opiates in
these age groups with the same parenteral intake of opiates
into the body is unequal. The higher the age, the higher the
level of morphine in the blood, which is 0.5 pg / ml, much
lower than even the dose of C25, at which the risk of death is
not so great, and for people under 25 years old, this level
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approaches C75, corresponding to the critical level. In
addition, in the age group up to 25 years, the probit curve is
noticeably shifted to the left, which indicates a much higher
risk of death for this group in a narrow range of morphine
concentrations in the blood (Cn50 = 0.62; Cn70 = 1.57 pg /
ml), while in the age group over 25 years, the outcome of
the course of poisoning is in most cases uncertain, and the
critical level is 3.9 + 1.04 pg / ml, corresponding to a dose of
Cn75-100.

Table 1. Morphine risk ranges by parameters of blood morphine
concentrations

. Morphine concentration Levels of acute
Risk ranges s
(mcg/ml) poisoning
Cno—Cngs 0,44 £0,02< Threshold
Cnys— Cnsg 0,45 + 0,04-1,10+0,05 critical
Cnzs — Cnygo 1,11+0,06- > deadly

Note: Cn - Average lethality (or CD - average lethal dose)

Therefore, in our opinion, it is unacceptable to
unambiguously interpret the results of a positive forensic
chemical analysis as evidence of fatal opiate poisoning,
especially if their metabolites are determined only in
the urine. The developed probit-graphs of the “poison
concentration-effect” dependence allow for a quantitative
assessment of the risk of death in the entire range of
morphine concentrations in the blood, and this makes it
possible to determine the severity of a chemical disease
(threshold, critical, fatal). When establishing a diagnosis
of opiate poisoning, the expert should focus on these

parameters (Table No. 1).

The results of the post-mortem detection of opiate drugs
(morphine) in the urine (or in other biological media) can
only be used as a fact of drug intoxication, confirming the
use of opiates before death.

In order to determine the possible ways of the mechanism
of thanatogenesis of death in cases of opiate poisoning, the
clinical picture of poisoning and the level of decompensation
of the main body systems, including the central nervous
system, respiratory and cardiovascular systems, were studied.
The data obtained were compared with the concentration
of total morphine in blood plasma, i.e. determined the
concentration thresholds of clinical signs in these acute
intoxications.

The results of the study showed that in the clinical course
of acute opiate poisoning, rather specific lesions are detected:
depression of the central nervous system and respiration,
hemodynamic disturbances, miosis, and cardiac arrhythmias.
All these clinical symptoms in their totality are the toxic
effect of acute intoxication.

The greatest changes among the symptoms of CNS
lesions were associated with impaired consciousness. The
leading role belonged to the exclusion of consciousness
by the stem type, stunning, stupor, coma were distinguished,
with severe respiratory disorders and deep hypoxia of
the brain, a convulsive syndrome arose. Subsequently, at
the somatogenic stage of acute poisoning, neurological
symptoms were predetermined by cerebral edema and
impaired cerebral circulation (Table No. 2).

Table 2. Concentration thresholds for clinical signs of acute opiate poisoning

BLOOD MORPINE CONCENTRATION mkr/ma

NAME OF SIGN Frequency (%) Threshold critical Deadly
(95% JH, p=0,05) (0,1-0,44) (0,45 -1,10) (1,11 -4,14)
n=107 n=46 n=45
miosis 88,9 (0,84-0,93) i
Bradypnea 74,2 (0,68-0,80) Fxx

Tracheobronchitis 30,3 (0,24-0,37)

*kKk

Precoma 29,8 (0,24-0,37)

*kk

cerebral edema 68,2 (0,61-0,75)

Pulmonary edema 39,4 (0,33-0,47)

*kk

Coma superficial 37,4 (0,31-0,45)

*kk

Hypotension 32,8 (0,26-0,40)

Venous congestion in the lungs 30,3 (0,24-0,37)

*kk

Pneumonia 20,2 (0,15-0,26)

*kk

Bradycardia 15,2 (0,10-0,21)

deep coma 21,7 (0,16-0,28)

Vascular collapse 16,2 (0,11-0,22)

Exotoxic shock 14,6 (0,10-0,20)

Apnea 13,1 (0,09-0,19)

midriaz 6,6 (0,04-0,11)

Heart rhythm disorders 2,5 (0,01-0,06)
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Analysis of the data presented in Table No. 2 shows that at
threshold concentrations of the poison in the blood plasma,
clinical symptoms are minimal and manifest mainly by
specific signs, however, as the concentration of morphine
increases, the syndrome complex of the body's response
becomes nonspecific.

For an objective assessment of the body's response to
chemical injury, methodologically, the method of factor
analysis is most suitable, the essence of which in the medical
presentation is the construction of mathematical structures -
interconnected (correlating) signs, combined, according to
the principle of commonality of changes in the pathological
process into factors. Using this method, one can not only
establish causal relationships, but also quantify them.
Thanks to this, the analysis becomes objective and accurate,
and the conclusions are justified and reliable (see Table
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No. 3).

The most significant features of opiate poisoning contain
factor 1. The composition of the elements of this factor
reflects both the etiology and the main dependence on the
outcome - the concentration of the poison in the blood. The
structure of common 11, 11l factors confirms that the body's
response is of an integral nature, where the leading element
is the inhibition of the activity of the central nervous system
(this is evidenced by the value of the factor load of deep
coma - 0.92). On the contrary, generalized factors IV, V
and other manifestations of opiate poisoning (cardiac
arrhythmias, respiratory disturbances, hemorrhages in the
gastrointestinal tract, etc.) are not informative signs, since
they do not have an independent effect on the outcome of
poisoning.

Table 3. Factor structure of the clinical and morphological picture of acute opiate poisoning

factor load

Feature name

Factor | Factor 11

Factor 111

Factor IV | FactorV | Factor VI Factor VII

1 2 3 4

5 6 7 8

Outcome of poisoning | 0,74 (5)

The level of poison in

the blood 0.93(1)

Age

0,47(2)

Detox method

-0,68(1)

Floor

0,51(2)

Level of
consciousness

-0,47(3)

superficial coma 0,78(4)

deep coma 0,92(2)

Respiratory paralysis 0,83(3)

Pneumonia

0,65(1)

Heart rhythm disorder 0,87(1)

0,62(2)

Hemorrhages in the
gastrointestinal tract

-0,32(3)

bronchorrhea

0,32(4) 0,87(1)

Fatty degeneration of
the liver

0,74(1)

Hepatic coma

0,58(2)

Systolic BP 0,83(2)

Diastolic BP 0,85(3)

Vomit

0,48(2)

Cerebral edema 0,58(4)

bronchorrhea

Myofibrillation

-0,71(1)

miosis 0,68)6)

Pulmonary edema

0,72(2)

Note: The numbers in parentheses indicate the comparative significance of factor loadings.

Factor loads less than 0.25 were not taken into account

Note: The numbers in parentheses indicate the relative significance of factor loadings.

Factor loads less than 0.25 were not taken into account
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Signs: 1 - outcome of poisoning; 2 - the severity of the condition; 3 - precoma; 4 - superficial coma; 5 - deep coma;
6 - bradypnea; 7 - apnea; 8 - bradycardia; 9 - miosis; 10 - mydriasis; 11 - hypotension; 12 - vascular collapse;

13 - exotoxic shock; 14 - venous congestion in the lungs; 15 - pulmonary edema; 16 - concentration of morphine

in the blood; 17 - cerebral edema; 18 - pneumonia; 19 - encephalopathy; 20 - violation of the heart rhythm;

21 - purulent intoxication; 22 - complications of the prehospital stage.

Figure 7. Dendrogram of functional relationships in acute opiate poisoning

Our multidimensional factorial analysis of the clinical
course of acute opiate poisoning revealed both specific and
nonspecific signs. However, to combine all these features
according to the principle of similarity, it is necessary to
classify them using cluster analysis (see Fig. No. 7).

This dendrogram shows not only the complexity, but
also a certain hierarchical ordering of the functional and
structural relationships of the body during opiate poisoning.
So, for example, in one zone there are indicators of the
function of the central nervous system (oppression of
consciousness of different depths). At first they act as
independent elements, and later they are combined into
graphs corresponding to a certain function of the body, and
at the level of intercluster distance they merge together,
reflecting their commonality in the neurotoxic effect of
opiates.

When combining features in a cluster, it always starts
with the feature that is presented first as the “outcome of
poisoning”, and the sequence of subordinate features located
after it is automatically ranked according to their level of
proximity to the first one.

This dendrogram shows not only the complexity, but
also a certain hierarchical ordering of the functional and
structural relationships of the body during opiate poisoning.
So, for example, in one zone there are indicators of the
function of the central nervous system (oppression of
consciousness of different depths). At first they act as
independent elements, and later they are combined into
graphs corresponding to a certain function of the body, and
at the level of intercluster distance they merge together,
reflecting their commonality in the neurotoxic effect of

opiates.

As this dendrogram shows, in acute opiate poisoning, two
local groupings of signs are distinguished - 1-16 and 17-22.
To the first group when combining features in a cluster, it
always starts with the feature that is presented first as the
“outcome of poisoning”, and the sequence of subordinate
features located after it is automatically ranked according to
their level of proximity to the first one. signs (1-16), in turn,
includes three more subgroups - 1-5, 6-10 and 11-14, as well
as two separate signs - 15 and 16. There is a very large
distance between the left (1-16) and right (17-22) clusters,
equal to approximately 1200 units, which indicates that the
relationship between these two groups of features is minimal.
This dendrogram shows not only the complexity, but also a
certain hierarchical ordering of the functional and structural
relationships of the body during opiate poisoning. So, for
example, in one zone there are indicators of the function of
the central nervous system (depression of consciousness of
different depths). At first they act as independent elements,
but later they are combined into graphs corresponding to
belonging to a certain function of the body, and at the level of
intercluster distance 160 they merge together, reflecting their
commonality in the neurotoxic effect of opiates.

The morphological picture of opiate poisoning in fatal
cases was characterized by great diversity. However,
when comparing the dependence of manifestations of
morphological signs with the chronology of poisoning,
a certain sequence and interconnectedness of clinical
and functional manifestations and their morphological
equivalents differed.
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4. Discussion

One of the widely used drugs are opiates - opium
surrogates, morphine and heroin. Drug addiction is one of
the main medical and social problems of our time. Its spread
leads to a continuous increase in mortality from acute drug
poisoning, as well as from complications of chronic drug
intoxication [1,3,12]. Currently, the number of cases of drug
poisoning is continuously growing [4,5,6,8,9]. They occupy
a significant place both in the total number of all poisonings
and in the entire forensic structure of mortality in general.
Articles published on this subject indicate a sharp increase in
cases of overdoses of narcotic drugs. The number of cases of
detection of toxic concentrations of narcotic substances in
the blood and urine of victims with other causes of death is
also growing. At the same time, the greatest number of
deaths as a result of acute poisoning with these poisons falls
on the age from 17 to 23 years and reaches 42% of the total
number of fatal poisonings [2,7,11].

Acute poisoning, like other types of violent death, is the
subject of forensic research. Currently, forensic medical
diagnosis of fatal poisoning by narcotic and psychotropic
substances is exclusively based on the results of a forensic
chemical analysis of blood and urine. At the same time,
all cases of a positive determination of opiate metabolites in
the blood, urine and internal organs often come down to the
verdict of a forensic physician that death was caused by drug
poisoning.

However, it should be borne in mind that the detection of
a toxic substance in a biomaterial does not always indicate
poisoning. In this regard, the search for new quantitative
expert criteria for assessing acute drug poisoning is a very
urgent problem in forensic medicine.

5. Conclusions

1. The results of clinical and morphological analysis show
that in each specific case, the development of the premortal
period is associated with pathological processes that cannot
be interpreted unambiguously due to the complexity of
developing causal relationships. The main disease, which is
acute opiate poisoning, leads to the development of different
types of thanatogenesis - cardiac, pulmonary, head, which in
turn is characterized by various immediate causes of death.

2. According to the obtained graphical data (probit-graphs
"poison concentration-effect"), it is possible to assess
the possibility of death in a different range of poison
concentrations. On the abscissa axis of the graph, a
coordinate point corresponding to the level of morphine in
the blood was determined, and a perpendicular was mentally
drawn until it intersects with the curve of the graph, then
continuing it with a parallel (horizontal) line to the left until
it intersects with the y-axis. The points of intersection of this
conditional line with the y-axis corresponded to the risk of
death at this concentration of morphine in the blood. Thus, it
is possible to determine the immediate cause of death, based
on the concentration of morphine.
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3. Comparison of the main morphological manifestations
of opiate poisoning with the immediate causes of death of
the victims and the clinical picture of poisoning makes it
possible to determine the main types of thanatogenesis, and
each type of death has its own characteristic complex of
clinical and morphological signs. This enables the forensic
expert to objectively establish not only the main cause of
death, but also the type of thanatogenesis indicating the
direct cause of death. All this, of course, will increase
the objectivity and evidentiary value of forensic medical
examinations.

4. Analyzes of risk assessment of death in opiate
poisoning, the spread of concentrations in both men and
women was almost the same, however, as the probit graphs
show, the prognosis of the risk of death in men is much
higher. In addition, they show that the critical concentration
of morphine in the blood of women (Cn50) was 0.98 pg/ml,
while in the blood of men the lethal concentration was
much lower and amounted to 0.78 ug/ml. The results of a
comparative analysis of probit-graphs of the dependence of
the risk of death on the concentration of total morphine in the
blood showed that the woman's body has a greater resistance
to the action of opiates in the zone of high concentrations,
however, as the level of poison in the blood increases, the sex
differences in the possibility of survival smooth out.

5. The developed probit-graphs of the dependence "poison
concentration-effect” allow for a quantitative assessment
of the risk of death in the entire range of morphine
concentrations in the blood, and this allows you to determine
the severity of a chemical disease (threshold, critical, fatal).
When establishing a diagnosis of opiate poisoning, the
expert should be guided by these parameters.

The authors declare no conflict of interest.
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