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Abstract: Many dietary supplements may contain harmful ingredients or compounds. One of
them is caffeine, a stimulant that has been utilized globally for centuries, primarily for its ability to
improve mental alertness. This report described a case involving a young woman who most likely
intentionally took an energy booster containing pure caffeine. Gross and microscopic examination
showed extensive necrotic changes with esophageal perforation in the upper gastrointestinal tract.
Harmful contents have moved to the posterior mediastinum and the left pleural cavity, causing
injuries within them. Postmortem toxicological tests (gas chromatography with the mass detector—
GC-MS) have shown the presence of lethal levels of caffeine in the blood (92.0 ug/mL). The remaining
toxicological tests were negative.

Keywords: energy booster; fatal poisoning; caffeine; necrotic changes; perforation of the diges-
tive tract

1. Introduction

Dietary supplements can benefit our health, but taking supplements, including en-
ergy boosters, can also involve health risks. The risks associated with taking nutritional
supplements can be very diverse. One of the most common risks of taking supplements
is using them with microbial contamination [1,2]. The other threat may be due to heavy
metal contamination [3,4]. Some products may also contain unapproved pharmaceutical
ingredients [5]. Some supplements contain substances in high concentrations, the ingestion
of which can lead to severe complications or death [6]—one of the ingredients of slimming
preparations might be caffeine. An overdose of caffeine alone, intentional or not, might be
deadly [7]. Caffeine is absorbed from the gastrointestinal tract, reaching its maximum con-
centration in the blood 30–60 min after consumption, depending on individual conditions of
the organism and the presence of food content in the stomach [8,9]. Caffeine is distributed
by the blood to all tissues and does not accumulate in the body. The existence of similar
caffeine concentrations in human blood and brain suggests that caffeine can readily cross
the blood–brain barrier due to its hydrophobic nature. It is almost entirely metabolized
by the liver in adults, including CYP1A2, a cytochrome P450 superfamily of enzymes. It
represents 15% of all cytochrome P450 in the human liver and accounts for more than 90%
of caffeine metabolism [10]. Only 1–5% of consumed caffeine is excreted unchanged in the
urine in adults. The half-life of caffeine in adults ranges from 3 to 7 h [11]. Symptoms of
caffeine intoxication may include headache, fever, nausea, vomiting, tachycardia, dizziness,
tinnitus, anxiety, irritability, insomnia, and seizures [12–14]. Toxic levels of caffeine are
associated with hypokalemia, hyperglycemia, rhabdomyolysis, renal failure, and hyper-
lacticaemia [15]. Heavy toxicity from caffeine exposure may also result from adrenaline
and noradrenaline release, resulting in sympathetic nervous system overdrive and heart
rhythm disturbances, including tachyarrhythmias or dysrhythmias [16]. As we know, the
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available literature does not describe massive injuries to the upper gastrointestinal tract
following an overdose of caffeine.

2. Case Report
2.1. Case History

A 22-year-old female was found in her parents’ apartment, where they lived together.
She had got no clinical history. The family account shows that the individual was closed,
so family members could not comment on the deceased’s habits. The prosecutor’s investi-
gation also did not reveal whether the deceased had taken energy booster or pure caffeine
before. The body was found on the morning, lying on the bed. A sheet and a floor in the
room bore traces of emesis in the colors of brown. There was a plastic bag on the night
shelf next to it with the inscription “Myprotein 100-g caffeine” with a small amount of the
substance. A forensic autopsy was performed approximately 24 h after her death.

2.2. Autopsy Findings
2.2.1. External Examination

The external examination showed a trace of dusty brown contents in the mouth.
Besides, natural body openings were free. On the nose, the lips, near the mouth and the
left cheek, and the palmar surface of the left metacarpal, parchment-like dried lesions were
found, with a slightly increased cohesiveness—around the mouth forming a streak.

2.2.2. Internal Examination

Postmortem examination did not reveal any traumatic changes explaining the cause
of death. The internal organs were congested, and the heart was not dilated, containing
blood without clots (a common sign of acute death). The liver presented signs of steatosis.
In addition, numerous pieces of evidence related to the effects of the toxic substance on the
deceased were found: the lower section of the thoracic part of the esophagus, just above
the hiatus, presented a perforation—1.4 cm in diameter, with smooth and softening edges
(Figure 1); the wall of the esophagus surrounding the perforation is intensely softening
and thinning; the esophageal mucosa was covered with dense, greasy, dark-brown content;
the mucous membrane of the stomach’s cardiac part and the fundus of the stomach was
smooth, thinned, pale gray, with a visible brown aggregation of tiny vessels (Figure 2); the
parietal pleura in the left pleural cavity was softening and presented the pale grey coloring
(Figure 3). Similar changes were visible on the posterior surface of the lower lobe of the left
lung with single bubbles within the visceral pleura (Figure 4). Finally, the petechial within
the tunica adventitia of the descending aorta were found.
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Figure 1. Perforation of the lower section of the thoracic part of the esophagus. Figure 1. Perforation of the lower section of the thoracic part of the esophagus.
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Figure 2. The mucous membrane of the stomach’s cardiac part and the fundus of the stomach. 

Figure 2. The mucous membrane of the stomach’s cardiac part and the fundus of the stomach.
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Figure 3. The parietal pleura in the pleural cavities. 

Figure 3. The parietal pleura in the pleural cavities.
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Figure 4. Posterior surface of the lower lobe of the left lung. 

2.2.3. The Microscopic Examinations 
There were no remarkable findings in the brain and cerebellum, thyroid gland, 

pancreas, spleen, and suprarenal glands on hematoxylin-eosin staining. The lungs shoved 
edema and hyperemia (Figure 5). The heart shoved congestion and waviness and 
fragmentation of muscle fibers (Figure 6). The liver presented diffuse steatosis and lesions 
of the hepatocytes degeneration. In the stomach and esophagus, hemorrhagic changes, 

Figure 4. Posterior surface of the lower lobe of the left lung.

2.2.3. The Microscopic Examinations

There were no remarkable findings in the brain and cerebellum, thyroid gland, pan-
creas, spleen, and suprarenal glands on hematoxylin-eosin staining. The lungs shoved
edema and hyperemia (Figure 5). The heart shoved congestion and waviness and fragmen-
tation of muscle fibers (Figure 6). The liver presented diffuse steatosis and lesions of the
hepatocytes degeneration. In the stomach and esophagus, hemorrhagic changes, evidence
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of inflammatory infiltrates, thinning of the mucosa, and evident necrotic changes of the
mucosa were visible (Figures 7 and 8). Kidneys presented hyperemia and the necrosis
within the tubular epithelium (Figure 9). Thoracic aorta shoved hemorrhagic changes and
extravasation in peri-arterial tissues.
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Figure 6. Significant defragmentation in heart (Magnification 100×). 

Figure 5. Significant pulmonary oedema and hyperemia (Magnification 50×).

Forensic Sci. 2022, 2, 7 

 

 

evidence of inflammatory infiltrates, thinning of the mucosa, and evident necrotic changes 
of the mucosa were visible (Figures 7 and 8). Kidneys presented hyperemia and the 
necrosis within the tubular epithelium (Figure 9). Thoracic aorta shoved hemorrhagic 
changes and extravasation in peri-arterial tissues. 

 
Figure 5. Significant pulmonary oedema and hyperemia (Magnification 50×). 

 
Figure 6. Significant defragmentation in heart (Magnification 100×). 
Figure 6. Significant defragmentation in heart (Magnification 100×).



Forensic Sci. 2022, 2 150Forensic Sci. 2022, 2, 8 

 

 

 
Figure 7. Gastric mucosa with necrosis and inflammation. Submucosa with significant hyperemia 
and oedema (Magnification 50×). 

 
Figure 8. Gastric mucosa with necrosis and inflammation (Magnification 50×). 
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Figure 9. Kidney’s hyperemia and the necrosis within the tubular epithelium (Magnification 100×). 

2.2.4. Results of Toxicological Analyzes 
The ELISA immuno-enzymatic blood tests detecting drugs and psychoactive 

substances were performed by the Neogen company, using reader RT-2100C. Reagent 
combinations were used to detect amphetamine, amphetamine/MDMA, cocaine and 
benzoylecgonine, tetrahydrocannabinol and its metabolites, benzodiazepines, and the 
opioid compound group. The toxicological tests of blood were prepared by gas 
chromatography (GC/MS). The postmortem concentrations of caffeine were 92.0 µg/mL 
in the peripheral blood. Neither blood alcohol nor any drugs were detected in the blood, 
which was routine toxicological screening examination. 
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In recent years, the risk of purposely or not ingesting lethal caffeine levels has been 

raised by its easy availability. Energy drinks consistent caffeine, or products with high 
caffeine content, are easily found in shops and health stores. Powder or tablets that include 
pure caffeine can be bought online [17,18]. Caffeine poisoning does occur but is not 
shared. For example, in a listing of the drugs identified in blood in ~25,000 forensic 
autopsies in Sweden representing all causes of death, caffeine was in the nineteenth 
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reported in the literature was between 33 and 567 µg/mL [20]. There is no doubt that levels 
more than 80 µg/mL can be associated with caffeine-related fatalities [21]. However, 
relationships between blood levels of caffeine and clinical symptoms are challenging to 
establish due to interindividual variability, comorbidities, and tolerance [22]. 

Usually, the autopsy findings in caffeine-related deaths are non-specific and acute 
toxicity is mainly ascribed to adverse cardiovascular events, especially cardiac 
arrhythmias [23,24]. Heart arrhythmia, like other circulatory disorders (hyper- or 
hypotension), due to caffeine intoxication, is mainly associated with: adenosine receptor 
blockage; rises in the level of cyclic AMP through inhibition of phosphodiesterase; an 
increased calcium level inside cells [7,25,26]. The mechanism of death is usually attributed 
to heart disorders, as might be expected ventricular dysrhythmia. However, unwanted 
caffeine effects are not limited to arrhythmogenesis [27]. 
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2.2.4. Results of Toxicological Analyzes

The ELISA immuno-enzymatic blood tests detecting drugs and psychoactive sub-
stances were performed by the Neogen company, using reader RT-2100C. Reagent com-
binations were used to detect amphetamine, amphetamine/MDMA, cocaine and ben-
zoylecgonine, tetrahydrocannabinol and its metabolites, benzodiazepines, and the opioid
compound group. The toxicological tests of blood were prepared by gas chromatography
(GC/MS). The postmortem concentrations of caffeine were 92.0 µg/mL in the peripheral
blood. Neither blood alcohol nor any drugs were detected in the blood, which was routine
toxicological screening examination.

3. Discussion

In recent years, the risk of purposely or not ingesting lethal caffeine levels has been
raised by its easy availability. Energy drinks consistent caffeine, or products with high
caffeine content, are easily found in shops and health stores. Powder or tablets that include
pure caffeine can be bought online [17,18]. Caffeine poisoning does occur but is not shared.
For example, in a listing of the drugs identified in blood in ~25,000 forensic autopsies in
Sweden representing all causes of death, caffeine was in the nineteenth position in terms of
prevalence [19]. The fatal concentration of caffeine in the blood reported in the literature
was between 33 and 567 µg/mL [20]. There is no doubt that levels more than 80 µg/mL can
be associated with caffeine-related fatalities [21]. However, relationships between blood
levels of caffeine and clinical symptoms are challenging to establish due to interindividual
variability, comorbidities, and tolerance [22].

Usually, the autopsy findings in caffeine-related deaths are non-specific and acute
toxicity is mainly ascribed to adverse cardiovascular events, especially cardiac arrhyth-
mias [23,24]. Heart arrhythmia, like other circulatory disorders (hyper- or hypotension),
due to caffeine intoxication, is mainly associated with: adenosine receptor blockage; rises
in the level of cyclic AMP through inhibition of phosphodiesterase; an increased calcium
level inside cells [7,25,26]. The mechanism of death is usually attributed to heart disorders,
as might be expected ventricular dysrhythmia. However, unwanted caffeine effects are not
limited to arrhythmogenesis [27].
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Caffeine’s effect can also be associated with antagonizing adenosine receptors and
inhibition of phosphodiesterases [28], and in the digestive tract can cause gastrin release [29]
or gastric acid secretion [30]. The above mechanism depends on a chemosensory answer for
a bitter substance, like caffeine. Chemosensation potentially can also act in the gut through
the induction of gastrin and/or histamine release from enteroendocrine cells and/or by
modulating acid production in gastric acid secretion-producing parietal cells [31]. In our
hypothesis, the excessive secretion of gastric acid could damage the gastrointestinal mucosa
and finally perforate the esophagus.

It is not without significance that caffeine poisoning causes vomiting, damaging the
mucous membrane of the digestive tract and leading to significant hypokalemia. This
common symptom of caffeine poisoning can stimulate sodium-potassium pumps, immedi-
ately lead to lower serum K+ level, and increase the riskiness of losing ion, mainly due to
vomiting. All described disorders can finally result in shock and might be associated with
the deceased’s death after pure caffeine intoxication.

The other immediate causes of esophageal rupture, and fatal disorders, are much less
probably. The postmortem examination did not reveal classic symptoms of Mackler’s triad,
especially subcutaneous pneumothorax due to rupture of the esophagus, which must be
visible to recognize Boerhaave’s syndrome [32]. On the other hand, it cannot be ruled out
that the deceased had a risk of esophageal perforation associated with previously induced
vomiting. However, the family or the investigation did not confirm information about the
earliest vomiting.

4. Conclusions

The forensic pathologists’ primary duty often assists the prosecuting and judicial
authorities in evaluating the cause-and-effect relationship between determining abnormali-
ties and a victim’s death. For this purpose, a careful postmortem inspection of the body,
including gross, microscopic, and toxicological examination, must be conducted because
the rare death mechanisms require detailed study. The case described by us is an example
that confirms the above observations.

5. Impact Statement

Although fatal caffeine poisoning has been reported in the medico-legal literature,
the mechanisms and causes of death were primarily associated with complications in the
cardiovascular system. The described case concerns rare complications within the digestive
track with perforation of the esophagus, damage to the stomach’s mucous membrane,
and deterioration of the left parietal pleura and the left lung. The postmortem revealed
complications of fatal caffeine poisoning were also discussed in the mechanism and cause
of deceased death.
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