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Abstract: Under normal conditions, potassium is predominantly found within cells. The
concentration gradient of sodium and potassium ions between intracellular and extracellu-
lar spaces enables signal transmission through membrane depolarization. The disruption
of this transcellular process leads to elevated potassium ion levels in the extracellular space,
and thus in the blood, a condition known as hyperkalemia. Clinically, hyperkalemia may
present as cardiac arrhythmias, muscle weakness, and palpitations. The post-mortem
accumulation of potassium ions in various human tissues and organs, such as the heart,
liver, kidneys, lungs, and vitreous body, particularly in cases of overdose, has been an
area of research interest for years. Unfortunately, deaths caused by hyperkalemia are
difficult to identify due to their non-specific symptoms and are often misinterpreted as
cardiovascular-related. Furthermore, most potassium ion concentration tests developed
in recent years are non-specific, have limitations, or are based on outdated techniques.
Consequently, alternative methods, such as histopathological tissue analysis, potassium
concentration assessment in the vitreous body, and aldosterone level measurement, show
promise for improving the post-mortem detection of exogenous hyperkalemia.

Keywords: hyperkalemia; death; potassium ions; post-mortem

1. Introduction

Physiologically, the intracellular concentration of potassium ions is about 30 times
higher than in the extracellular space. Signal transmission through membrane depolariza-
tion is possible due to the difference in sodium and potassium ion concentrations between
the inside and outside of the cell [1]. An elevated potassium concentration in the blood
indicates an increase in potassium levels outside the cell. This disrupts the concentration
gradient between the intracellular and extracellular environments, significantly lower-
ing the threshold potential. Additionally, sodium efflux is impaired, which hinders both
stimulus formation and propagation. Hyperkalemia is defined as a condition in which
serum or plasma potassium levels exceed 5.5 mEq/L. When potassium concentrations
reach 8-9 mEq/L, symptoms such as skeletal muscles weakness, cardiac arrhythmias, and
disturbances of consciousness may occur [2]. Moreover, hyperkalemia significantly affects
the circulatory system. By reducing the threshold potential, it increases the cell membrane’s
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conductivity to potassium ions in cardiomyocytes, leading to a deceleration of the slow
resting depolarization. As a result, action potentials are generated less frequently in the
pacemaker cells of the heart, manifesting as pointed T waves, widened QRS complexes,
bradycardia, and even asystole. In the later stages, this condition can progress to ventricular
fibrillation and ultimately, death [1,3-6].

After death, the ion concentration gradient across cell membranes dissipates. As cells
undergo lysis, their permeability increases, leading to the equalization of ion concentrations
in the intracellular and extracellular environments. This effect is one reason why deaths
resulting from potassium poisoning may go undetected. The non-specific symptoms of
hyperkalemia make it challenging to recognize a crime, as such deaths may be classified
as cardiovascular-related, the most common cause of death worldwide [7]. Estimating
the scale of this phenomenon is difficult, as hyperkalemia-related symptoms and deaths
typically do not raise suspicion, underscoring the need to find reliable methods to detect
potassium overdose. Figure 1 illustrates the primary locations of sodium and potassium
ions both ante-mortem and post-mortem.

(@) Ante-mortem (b) Post-mortem

Figure 1. Diagram of potassium ion gradients: (a) ante-mortem and (b) post-mortem. Prepared based
on [1]. Na*—sodium cation, K*—potassium cation, arrow—ion flow direction.

Currently, the most common way to establish potassium overdose as a cause of
death relies on circumstantial evidence, such as the surroundings of the deceased [3,6].
Detecting these deaths is essential not only to identify crimes but also to recognize potential
medical errors, such as administering drugs dissolved in potassium chloride instead of
sodium chloride.

Research on deaths caused by hyperkalemia is limited, with most studies lacking a
statistically significant sample size. To date, there are only a few publications, consisting
mainly of single-case reports and isolated detection methods. The purpose of this review is
to analyze current approaches and identify potential strategies for detecting deaths caused
by exogenous hyperkalemia.

2. Materials and Methods

This review paper was prepared based on the literature reports available in the
PubMed database. The following keywords were used in the search: ‘hyperkalemia’
and ‘death’. Publications were selected based on information regarding potassium ion
levels at the time of death. Papers describing hyperkalemia resulting from diseases or diet
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were excluded. Due to limited available material, the review includes publications from
the period 1969-2024. The publication selection process is illustrated in Figure 2.
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Figure 2. Flow chart of publication selection for the manuscript.

3. Potassium Ion Concentration in Different Body Locations
3.1. Potassium Ion Concentration in the Blood

It is widely accepted that potassium ion concentration in the blood is indeterminate
after death [3,8]. In living organism, approximately 98% of potassium ions are found
intracellularly, with a concentration of around 150 mEq/L, while its extracellular levels
range between 3.8 and 5.5 mEq/L [3,5]. Post-mortem potassium ion concentrations equalize
across the cell membrane due to increased permeability. As extracellular potassium ion
concentration rises to approximately 25-80 mEq/L, it becomes impossible to determine
whether it increased ante-mortem or after death [3]. This was confirmed by a reported case
of double suicide involving potassium aspartate [9]. Both individuals showed significantly
elevated post-mortem blood potassium levels, which, based on toxicological analysis and
evidence found at the scene, were deemed the cause of death. The observed potassium
levels reached 49.7 mEq/L in the man and 62.8 mEq/L in the woman, respectively. Both
values were within the range considered typical in post-mortem blood potassium levels,
highlighting the challenge pathologists face when trying to confirm or exclude unnatural
causes of death. These findings underscore the importance of collecting and analyzing items
near the deceased, such as the composition of drugs taken or the contents of intravenous
infusions, in investigating the causes of death in individuals with high blood potassium
levels [3,6].



Biomedicines 2025, 13, 222

40f12

3.2. Potassium Ion Concentration in Tissues

The literature reports show the possibility of precipitation of potassium chloride
crystals in tissues as a result of potassium poisoning. Research by Coulibaly et al. showed
that lanceolate-shaped salt deposits formed in the tissues of fetuses aborted through
potassium chloride injection [10]. These deposits were observed in the endocardium,
epicardium, myocardium, liver, adrenal gland, testicle, spleen, kidneys, and lungs [10].
However, it is worth noting that the study group was limited, with KCl abortions conducted
on only two fetuses (at 30 and 36 weeks). Additionally, fetal tissue response may not
correspond to adult tissue reaction. Although the studied fetuses were in the advanced
stages of development, their findings may apply to newborns but not necessarily to adults.
Furthermore, the KCl doses used in the study were significantly higher than in typical
overdoses [3]. In adults, microscopically and macroscopically observable changes in tissues
following potassium poisoning include pulmonary engorgement, myocardial edema, and
congestion of various organs [3,8-11].

Zhang et al. investigated the use of scanning electron microscopy (SEM) and electrical
spectrum microanalysis for detecting fatal potassium overdoses [11]. The authors compared
skin samples from the injection site with the corresponding sample from the other untreated
limb. Both samples were examined using SEM and electrical spectrum analysis on randomly
selected points. The injection site skin sample showed observable damage, and analysis of
the electrical spectrum revealed a significantly higher potassium ion peak compared to the
undamaged skin. However, it is important to note that the deceased individual examined
by Zhang et al. was also characterized with an elevated potassium ion concentration in
the blood and in the vitreous body [11]. Thus, it remains unclear whether a similarly
high potassium peak would be observed in cases where blood potassium levels are not
as high. Furthermore, a key limitation of this method is its technical complexity, which
currently prevents routine post-mortem testing for potassium ion overdose in forensic
investigations [11].

In vivo tests were also conducted on rabbits to examine the effects of fatal potassium
poisoning. Macroscopically, myocardial dilatation and congestion were observed, while
microscopically, changes in the myocardial Z-line, enlargement of Bowman's capsule, and
apoptosis with phagocytosis of brain cells were confirmed. It is worth noting that extremely
high salt concentrations were used in their study, with solutions of 1% (approximately
10,000 mg/kg) and 0.3% (approximately 3000 mg/kg) potassium chloride [12]. The lethal
dose of potassium chloride is generally considered to be 30-35 mg/kg body weight. This
suggests that greatly exceeding the lethal dose may lead to more pronounced physiological
changes than a minimal overdose. It is also important to consider that the human body
may metabolize high potassium ion concentrations at a different rate [12].

A patient described by Park et al. attempted suicide via the intravenous injection
of potassium salt [13]. Due to incorrect needle insertion, the injection was administrated
subcutaneously, resulting in extravascular leakage that caused third-degree chemical burns
and extensive necrosis. The necrosis extended into the subcutaneous tissue and blood
vessels, leading to a loss of nociception and the appearance of bluish patches on the skin
around the injection site. Scabs formed as a result of burns can disrupt blood flow and
reduce tissue elasticity. In such cases, the lesions are visible both macroscopically and
microscopically on the skin [13].

The heart is an organ especially prone to hyperkalemia-related damage due to its de-
pendence on the sodium—potassium concentration gradient. Disturbances in the membrane
potential may manifest as hypotension, bradycardia, and even asystole. Consequently,
deaths caused by hyperkalemia may be misinterpreted as cardiovascular-related [14].
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Wetherton et al. described four cases of fatal potassium injection [15]. In the first two
cases, hyperkalemia’s severe impact on the heart muscle initially led to the misclassification
of death as being due to cardiovascular causes [15]. The cardiac effects of potassium
overdose have been confirmed in numerous other studies. John et al. reported cases of
severe cardiovascular changes resulting in bradycardia, while Battefort et al. observed
asystole due to hyperkalemia [16,17]. Madan et al. documented arrhythmia with ventricular
tachycardia in one of their patients [18]. Additionally, lijima et al. noted tented T waves and
reduced P waves with electrocardiography, and Illingworth et al. reported widened QRS
complexes and tall T waves in patients, with one case progressing to cardiac arrest with
asystole [19,20]. These cases suggest that hyperkalemia may cause tissue changes. However,
whether these would include detectable alterations remains unknown, as microscopic
examination for this purpose was not conducted [21].

The kidneys are another organ affected by hyperkalemia-induced pathologies. Al-
though a healthy individual typically removes excess potassium ions efficiently through
urine, higher concentrations may overwhelm the kidney’s adaptive capacity. Hyperkalemia
can impair flow in the distal part of the nephron and stimulate aldosterone secretion [17].
Coulibaly et al. observed excessive potassium accumulation in kidneys of patients with
hyperkalemia [10]. It is also possible that elevated aldosterone levels shortly before death
might still be detectable post-mortem, allowing for the confirmation of potassium over-
dose [10].

The lungs are also affected by hyperkalemia. In the vast majority of potassium
overdose cases, swelling and congestion of the organ are observed [3,9,11,22]. Although
these are the most common changes noted during autopsy, their presence may suggest death
due to hyperkalemia. However, it cannot be considered characteristic of this condition [23].

An oral overdose of potassium can cause irritation of the gastrointestinal mucosa [24,25].
Hyperkalemia may also lead to paralytic ileus, gastrointestinal perforation, and small
intestine ulcerations [5]. In a case described by Su et al., gastrointestinal bleeding was
observed [24]. These examples may suggest damage that could potentially be identified
during a histopathological examination. However, this contrasts with the findings of
Bertol et al., who examined potassium overdose casualties via histopathological changes
but observed no abnormalities [26]. Similarly, Bhatkhande et al. explicitly questioned
the usefulness of measuring tissue potassium ion concentrations. Both teams primarily
focused on biochemical parameters, without specifying which histopathological lesions
were assessed [22].

3.3. Potassium lon Concentration in Vitreous Body

The vitreous humour is the gelatinous fluid filling the eyeball, located between the
crystalline lens and the retina [27]. The idea of using potassium levels in the vitreous body
to determine the time of death has been considered before, with early studies suggesting it
may be influenced by body temperature [28]. Recent studies showed a linear correlation
between the time since death and potassium levels in the vitreous humour, which was
supported through the examination of 100 deceased patients [29]. For the first 100 h post-
mortem, potassium concentration in the vitreous humour gradually increases due to the
autolysis of choroid. It was also observed that the rate of potassium release was affected
by the circumstances of the deceased. In cases of traumatic death, a more rapid rise in
potassium levels was noted within the first 6 h after death [30].

Further evidence suggests that the circumstances of death may impact potassium
levels in the vitreous humour. Elevated temperatures can accelerate electrolyte release,
while drowning may cause variations in potassium level measurements [31]. This supports
the hypothesis that hyperkalemia might be identified post-mortem by identifying a faster
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rate of potassium release into the vitreous humour compared to other causes of death,
caused by a steeper concentration gradient between the choroid and vitreous humour
created by elevated systemic potassium levels. A remaining challenge lies in the precision
of analysis, especially in older studies with outdated diagnostic tools. A 2022 animal study
demonstrated that the Element DC analyzer provides precise measurements of potassium
in the vitreous humour from animal corpses, offering new possibilities for tests with greater
accuracy [32]. Table 1 shows a summary of various parameters from selected studies
describing post-mortem potassium ion concentrations.

Table 1. Summary of parameters from selected studies on post-mortem potassium ion concentrations.

Species Death Cardiac Alterations = Organ Congestion Kidney Lesions =~ Dermal Lesions Author
Did not Narrow QRS . Battefort
Human complex, sharp and No data No data Cyanosis
occur . 2012 [16]
wide T wave
Elevated K+
.. concentration in the - Bertol 2012
Human Suicide blood relative to the No data No data Injection mark [26]
peripheral blood
Liver, spleen, Injection mark in
Human Suicide Did not occur and kidneys Congestion the left Bhatkhande
. 1977 [22]
(pulmonary edema) cubital fossa
human Did not Bradycardla. and No data ]?ecreased No data Bosse 2011
occur hypotonia urine volume [21]
Injection marks on
Suspicion . the right wrist Chaturvedi
Human of suicide Did not occur Lungs No data and the right 1986 [8]
cubital fossa
. . . Coulibaly
Human Abortion Salt deposits No data Salt deposits No data
2010 [10]
. Slight tachycardia,
Human Did not pointed T wave, and No data No data No data lijima 2020
occur [20]
lower P wave
Wide QRS complex,
Did not narrow T wave, Mlingworth
Human occur left bundle branch No data No data No data 1980 [19]
block, and asystole
. Bradycardia,
Human Did not hypotonia, and wide No data No data No data John 2011
occur [17]
QRS complex
. Arrhythmia with
Human Did not ventricular No data No data No data Madan 2021
occur . [18]
tachycardia
Third degree
. chemical burns,
Human Did not No data No data No data nociception Park 2011
occur . [13]
disorders, and
necrosis
Autopsy l\i/zzfrjtriilnal Restuccio
Human not J No data No data No data
bradycardia, 1992 [14]
performed

and asystole
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Table 1. Cont.
Species Death Cardiac Alterations  Organ Congestion Kidney Lesions =~ Dermal Lesions Author
Did not Pointed T wave and Schaeffer
Human occur ST elevation No data No data No data 2018 [25]
.. Cardiac Con.gestlon Heart, lungs, liver, Kidney Inj EC.’EIOH marks, Simon 2023
Human Suicide and ventricular and kidnevs coneestion slight fresh 3]
dilatation y & bleeding
Hypotonia, slight
tachycardia, wide
Human Did not .QRS complex, No data No data No data Su 2001 [24]
occur pointed T wave, and
increased
blood pressure
Male: Coagulation in
.. the heart All organs, Watanabe
Human Suicide Female: especially lungs No data No data 2011 [9]
Septal hemorrhage
. Pointed T wave,
Human Mfed1cal wide QRS complex, No data No data No data Wetherton
mistake : 2003 [15]
and ST elevation
Mﬁiﬁff lafrllzres Damaged skin o 5020
Human Suicide gea Heart and lungs No data structure at &
myocardial S . [11]
. - injection site
interstitial edema
Dilatation and
congestion of the Enlargement of Zhu 2007
Rabbit Euthanasia heart and Z-line Heart Bowman’s No data [12]
changes in the capsule

heart muscle

4. Post-Mortem Detection of Hyperkalemia

Available research on hyperkalemia has primarily focused on basic biochemical ana-
lyzes rather than other aspects, such as histopathological changes. However, it is worth
noting that potassium ion concentration tests are considered non-specific and have limited
interpretative value [33]. This focus has led to the omission of alternative methods that
might offer greater effectiveness, particularly due to improved parameter stability.

We suggest that the histopathological analysis of tissues could be a valuable area for
investigation. The organs of interest include the heart muscle, kidneys, small intestine, skin,
and lungs, with the kidneys being particularly susceptible to hyperkalemia [5,10]. Samples
should also be examined for the presence of salt deposits [10]. Current research does not
provide sufficient evidence of their occurrence in adults. Since clear histopathological indi-
cators of potassium overdose are not available, the evaluation should include a comparison
of samples from suspected hyperkalemia casualties with those from individuals who died
from other causes. Additionally, as some studies were conducted in the 1980s, the methods
used may now be outdated, highlighting the importance of replicating and expending
this research.

The main advantage of microscopic analysis is its low technical requirements. How-
ever, its application is limited by the fact that most pathologies detected microscopically
are non-specific. Some lesions may be more commonly associated with hyperkalemia, such
as pulmonary, cardiac congestion, and edema. Renal lesions may be more characteristic of
hyperkalemia, but further research is necessary to confirm this.

The concentration of potassium ions in the blood is a diagnostically valuable parame-
ter only up to the level of 10 mEq/L. This poses a challenge, as potassium concentration
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increases rapidly after death. While blood test would be the simplest method to confirm
potassium poisoning, it has limited diagnostic value. Based on the literature review, we
suggest that this method may be useful only in cases of extreme potassium overdose. How-
ever, even in such cases, this test alone would not be sufficient and should be supplemented
with additional analyzes.

Although it has not yet been studied extensively, measuring potassium ion concentra-
tion in the vitreous humour appears to be a promising method. Given the linear relationship
between the time after death and the potassium ion concentration in the vitreous humour,
any deviations from this norm may indicate potassium intoxication. This approach requires
first establishing a baseline curve of potassium ion concentration changes over time in the
vitreous humour among individuals who died from causes other than hyperkalemia. It
would also be necessary to examine whether factors such as age influence this attribute.
Some of these data may be obtained from the existing literature reports on hyperkalemia.
We estimate that this could be one of the more accurate methods for detecting potassium
poisoning. However, a significant drawback is the difficulty in obtaining samples, and this
method would also exclude cadavers exposed to high temperatures, such as those involved
in fires, as electrolytes are released more quickly in such conditions [3].

In our view, another potentially effective post-mortem method for detecting exoge-
nous hyperkalemia could be the analysis of endolymph in the membranous labyrinth.
Under physiological conditions, the endolymph contains a significantly higher potassium
concentration compared to the cytoplasm of the surrounding epithelial cells. In the article
from 2006, the author assesses the potassium concentration for the endolymph as 157mM
in comparison to 5mM in the blood plasma. This elevated potassium level distinguishes the
endolymph from other extracellular fluids [34]. This unique ionic balance means that, as a
result of changes in cell membrane permeability after death, potassium ions would likely
flow into the cells rather than outward, impacting the rate of concentration equalization.
The dynamics of potassium ion concentration shift between intracellular and extracellular
environments and may depend on the amount of potassium salts absorbed ante-mortem.
Detecting abnormally high potassium levels in endolymphatic tissue post-mortem, along
with a faster decline in concentration and additional evidence (such as elevated potas-
sium levels in the blood, cerebrospinal fluid, or specific microscopic changes), may aid in
identifying deaths due to hyperkalemia.

While a faster ion flow may narrow the window for accurate post-mortem detection,
it could nonetheless serve as an additional criterion, suggesting hyperkalemia as the
cause of death. With a higher potassium concentration gradient between the cell interior
and the extracellular matrix, the equalization of ion concentrations is expected to occur
more rapidly.

Post-mortem changes in ion concentrations within the endolymph and perilymph of
guinea pigs have been studied. Although, the study focused on physiological changes, un-
related to hyperkalemia, they may help to establish a baseline data for subsequent analysis
of hyperkalemia potassium overdose cases. Changes during the first 40 min post-mortem
are attributed to ion flow through the endothelium of the endolymphatic sac along the
concentration gradient, while further changes reflect the equalization of concentrations
between blood, endolymph, and perilymph. In live guinea pigs, the potassium ion levels
range from 114 to138 mEq/L [35]. Initial changes after death proceed rapidly, with potas-
sium concentrations dropping from an average of 128.63 mEq/L to 122 mEq/L within
10 min and to 97 mEq/L 12 min post-mortem. Melichar et al. studied changes in intralu-
minal potassium concentration 20-60 min after anoxia [36]. The observed level dropped
from 138 mEq/L to 130 mEq/L within the first 12 min, and after an hour, it decreased to
110 mEq/L. Both studies showed a similar trend as the potassium concentrations decline
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at a similar rate despite differing baseline values [36]. In the study by Rodgers et al., the
average decline rate was 0.62 mEq/L per minute, compared to 0.47 mEq/L per minute in
the study by Melichar et al. [35,36]. Differences in baseline concentrations may result from
varying sampling times or individual variation. In hyperkalemia, the increased concentra-
tion gradient may accelerate ion flow. Currently, there are no reports on the post-mortem
potassium concentration changes in the endolymph of other species, including human.
Similarly, the effect of exogenous hyperkalemia on the ion balance between the endolymph
and the surrounding epithelium has not been studied yet [35,36].

Research should begin by assessing how the ionic composition of the endolymph
changes over time after death in humans. Following this, it should be analyzed whether
potassium overdose impacts this process. For obvious reasons, conducting such studies
with human subjects is challenging. Retrospective studies could be helpful, provided that
endolymph samples were collected. Endolymph samples can be obtained directly from the
endolymphatic duct or by exposing the endolymphatic sac on the posterior surface of the
petrous part of the temporal bone [37].

Another potential method for detecting hyperkalemia post-mortem is testing aldos-
terone levels. In cases of hyperkalemia, aldosterone concentrations physiologically in-
crease [38]. Currently, there are no studies examining post-mortem changes in aldosterone
levels. Elevated blood aldosterone levels post-mortem could indicate potassium over-
dose ante-mortem. Although the pattern of post-mortem change in blood aldosterone
concentration has not yet been thoroughly studied, it would be possible to calculate its
concentration based on its half-life in the human body (about 20 min) [39,40]. Potential
advantages of such an approach include the ease of sampling, resistance to post-mortem
concentration changes, and the ability to calculate the exact concentration of aldosterone
before death (based on the time elapsed since death and the half-life). This allows for the
identification of elevated aldosterone levels secondary to hyperkalemia. Nonetheless, it has
limitations, such as reduced reliability in individuals with endocrine disorders(for example
adrenal dysfunction) and a short time to sample due to the short half-life of aldosterone
in the blood. Table 2 outlines the potential methods for identifying deaths caused by
exogenous hyperkalemia.

Table 2. Summary of methods for detecting deaths due to exogenous hyperkalemia.

Method Advantages Disadvantages

Non-specificity of pathologies and

Histopathological analysis =~ Low technical requirements lack of research

Low diagnostic value as changes
Blood test Low technical requirements may result from cell lysis and
limited post-mortem window

Measuring the
concentration of
potassium ions in the
vitreous body

Difficulty in sampling,
Potentially high accuracy excludes corpses after fires, and
limited post-mortem window

Measuring the
concentration of
potassium ions in the
endolymph

Difficulty in sampling,
Potentially high accuracy limited post-mortem window, and
lack of research

Lack of research,
excludes individuals with
endocrine disorders, and
short half-life in blood

Ease of sampling and
Aldosterone test resistance against
post-mortem changes
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5. Conclusions

There is a general opinion that fatal potassium overdoses are undetectable post-
mortem due to a lack of adequate forensic tools. To date, this cause of death has primarily
been identified based on circumstantial evidence, such as the deceased’s surroundings,
injection marks, or witness testimonies [3,6]. Additionally, the non-specific symptoms of
hyperkalemia can lead to misinterpretation as cardiovascular-related deaths [15-17].

The topic is challenging to analyze, as most research relies on single-case studies,
which are difficult to compare due to varying examination times for individual parameters
that change rapidly post-mortem. Therefore, the aim of this review was to propose potential
methods for detecting deaths resulting from exogenous hyperkalemia.

In summary, there is a significant lack of research on deaths due to hyperkalemia,
leading to a paradox; insufficient research makes it difficult to detect these deaths, and when
they go undetected, conducting further research becomes more challenging. We proposed
a histopathological analysis, measuring the concentration of potassium ions in the vitreous
body or endolymph as well as blood aldosterone levels as the most promising options. It is
also worth mentioning the diagnostic potential of combining electrocardiographic (ECG)
analysis with machine learning (ML). Currently, in this context, reports mainly concern
studies on living patients. The application of ML technology in the case of death is a
challenge due to physiological changes after death, such as tissue breakdown and lack of
electrical activity of the heart. However, pilot studies suggest that ML can support the
analysis of pathology in a forensic context, e.g., in detecting patterns indicating potassium
concentration in tissues in the case of death caused by hyperkalemia. However, further
research is necessary to develop procedures adapted to the specificity of post-mortem
changes [41,42]. The methods outlined in this review are not without their limitations, each
with varying degrees of error. However, analyzing combinations of these parameters may
help to ultimately identify hyperkalemia.

When hyperkalemia is suspected as a cause of death, circumstantial evidence should
also be considered. Identifying such deaths is crucial not only in forensic contexts but also
in medical errors. Using potassium chloride instead of sodium chloride as a diluent can
result in a fatal outcome for the patient, making error prevention vital [15,43,44].

Author Contributions: M.Z., K.S. and D.K.: Conceptualization, Data curation, Writing—original
draft, Visualization S.S.: Methodology, Writing—original draft, W.A.: Writing—review and editing,
M.H.-W.: Management and coordination, Writing—review and editing. All authors have read and
agreed to the published version of the manuscript.

Funding: This study was supported by Nicolaus Copernicus University in Torun, Collegium
Medicum in Bydgoszcz, Faculty of Medicine. WA is a member of the Emerging Field “Cells as
EXperimental platforms and bioFACTories (CExFact)”—The “Excellence Initiative—Research Univer-
sity” programme.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

1. Viera, A.J.; Wouk, N. Potassium Disorders: Hypokalemia and Hyperkalemia. Am. Fam. Physician 2015, 92, 487-495. [PubMed]
2. Brunkhorst, R. Hyperkalemia. In Urology at a Glance; Merseburger, A.S., Kuczyk, M.A., Moul, J.W., Eds.; Springer: Berlin,
Heidelberg, 2014; pp. 93-95, ISBN 978-3-642-54859-8.


https://www.ncbi.nlm.nih.gov/pubmed/26371733

Biomedicines 2025, 13, 222 11 of 12

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.
20.

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Simon, G. Detection of Fatal Potassium Overdose: A Case Report and Review of the Literature. Diagnostics 2023, 13, 1339.
[CrossRef]

Farah, R.; Carpenter, ].E.; Morgan, B.W. Oral potassium poisoning: A retrospective review of the National Poison Data System
2010-2021. Clin. Toxicol. 2024, 62, 46-52. [CrossRef]

Saxena, K. Clinical Features and Management of Poisoning Due to Potassium Chloride. Drug Saf. 1989, 4, 429-443. [CrossRef]
Palmiere, C.; Scarpelli, M.P,; Varlet, V.; Baumann, P.; Michaud, K.; Augsburger, M. Fatal intravenous injection of potassium: Is
postmortem biochemistry useful for the diagnosis? Forensic Sci. Int. 2017, 274, 27-32. [CrossRef]

The Top 10 Causes of Death—Factsheet. Available online: https://www.who.int/news-room/fact-sheets/detail / the-top-10
-causes-of-death (accessed on 25 October 2022).

Chaturvedi, A.; Rao, N. Moon Poisoning Associated with Potassium. Hum. Toxicol. 1986, 5, 377-380. [CrossRef] [PubMed]
Watanabe, K.; Hasegawa, K.; Suzuki, O. A double-suicide autopsy case of potassium poisoning by intravenous administration of
potassium aspartate after intake of some psychopharmaceuticals. Hum. Exp. Toxicol. 2010, 30, 777-781. [CrossRef]

Coulibaly, B.; Piercecchi-Marti, M.; Bartoli, C.; Liprandi, A.; Léonetti, G.; Pellissier, J. Lethal injection of potassium chloride: First
description of the pathological appearance of organs. J. Appl. Toxicol. 2009, 30, 378-380. [CrossRef] [PubMed]

Zhang, L.; Zhao, Q.; Wang, Q.; Zhang, P; Li, H.; Li, J. Application of scanning electron microscopy in the auxiliary diagnosis of
death caused by potassium chloride intravenous injection: A case report. Int. J. Leg. Med. 2020, 134, 1719-1725. [CrossRef]

Zhu, X.-J; Chen, L.-P; Li, K,; Xu, Y.-C; Ke, Y.; Wang, Z.-Y. Morphological changes in rabbits died of potassium intoxication. Fa Yi
Xue Za Zhi 2007, 23, 23-25. [PubMed]

Park, S.M.; Sohn, Y.D.; Ahn, ].Y. Chemical burn caused by dermal injection of potassium chloride. Clin. Toxicol. 2011, 49, 436-437.
[CrossRef] [PubMed]

Restuccio, A. Fatal hyperkalemia from a salt substitute. Am. J. Emerg. Med. 1992, 10, 171-173. [CrossRef]

Wetherton, A.R.; Corey, T.S.; Buchino, ].J.; Burrows, A.M. Fatal intravenous injection of potassium in hospitalized patients. Am. ].
Forensic. Med. Pathol. 2003, 24, 128-131. [CrossRef] [PubMed]

Battefort, F; Dehours, E.; Vallé, B.; Hamdaoui, A.; Bounes, V.; Ducassé, J.-L. Suicide Attempt by Intravenous Potassium
Self-Poisoning: A Case Report. Case Rep. Emerg. Med. 2012, 2012, 1-3. [CrossRef]

John, S.K; Rangan, Y.; Block, C.A.; Koff, M.D. Life-threatening hyperkalemia from nutritional supplements: Uncommon or
undiagnosed? Am. |. Emerg. Med. 2011, 29, 1237.e1-1237.e2. [CrossRef]

Madan, A.; Morris, C.; Goggin, A.; Isoardi, K.Z. Oral potassium overdose: A case series. Clin. Toxicol. 2021, 59, 963-968. [CrossRef]
[PubMed]

Mlingworth, R.N.; Proudfoot, A.T. Rapid poisoning with slow-release potassium. BM] 1980, 281, 485-486. [CrossRef]

Iijima, S. Suicide attempt using potassium tablets for congenital chloride diarrhea: A case report. World J. Clin. Cases 2020,
8, 1463-1470. [CrossRef] [PubMed]

Bosse, G.M.; Platt, M.A.; Anderson, S.D.; Presley, M.W. Acute Oral Potassium Overdose: The Role of Hemodialysis. J. Med. Toxicol.
2010, 7, 52-56. [CrossRef] [PubMed]

Bhatkhande, C.; Joglekar, V. Fatal poisoning by potassium in human and rabbit. Forensic Sci. 1977, 9, 33-36. [CrossRef]

Khare, P. Prevalence of Lung Lesions at Autopsy: A Histopathological Study. J. Clin. Diagn. Res. 2017, 11, EC13-EC16. [CrossRef]
[PubMed]

Su, M; Stork, C.; Ravuri, S.; Lavoie, T.; Anguish, D.; Nelson, L.S.; Hoffman, R.S. Sustained-Release Potassium Chloride Overdose.
J. Toxicol. Clin. Toxicol. 2001, 39, 641-648. [CrossRef] [PubMed]

Schaeffer, C.; Poincet, S.; Teruzzi, B.; Galas, T.; Vandroux, D. A massive overdose of potassium pills. Anaesth. Crit. Care Pain Med.
2018, 37, 619-621. [CrossRef] [PubMed]

Bertol, E.; Politi, L.; Mari, F. Death by Potassium Chloride Intravenous Injection: Evaluation of Analytical Detectability. ]. Forensic
Sci. 2011, 57, 273-275. [CrossRef]

Manousi, N.; Samanidou, V. Green sample preparation of alternative biosamples in forensic toxicology. Sustain. Chem. Pharm.
2021, 20, 100388. [CrossRef]

Komura, S.; Oshiro, S. Potassium Levels in the Aqueous and Vitreous Humor after Death. Tohoku J. Exp. Med. 1977, 122, 65-68.
[CrossRef] [PubMed]

Kurup, S.S.; Bharathi, M.; Narayan, G.; Vinayagamoorthi, R.; Rajesh, R.; Suvvari, T.K. Estimation of Time Since Death From
Potassium Levels in Vitreous Humor in Cases of Unnatural Death: A Facility-Based Cross-Sectional Study. Cureus 2023,
15, €39572. [CrossRef]

Coe, ].I. Postmortem Chemistries on Human Vitreous Humor. Am. J. Clin. Pathol. 1969, 51, 741-750. [CrossRef]

Farmer, J.; Benomran, F.; Watson, A.; Harland, W. Magnesium, potassium, sodium and calcium in post-mortem vitreous humour
from humans. Forensic Sci. Int. 1985, 27, 1-13. [CrossRef] [PubMed]

Stern, A.W.; Muralidhar, M. Postmortem Vitreous Humor Analysis in Dogs, Cats and Horses. J. Anal. Toxicol. 2020, 46, 103-107.
[CrossRef] [PubMed]


https://doi.org/10.3390/diagnostics13071339
https://doi.org/10.1080/15563650.2024.2308730
https://doi.org/10.1007/BF03259924
https://doi.org/10.1016/j.forsciint.2016.11.035
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://doi.org/10.1177/096032718600500608
https://www.ncbi.nlm.nih.gov/pubmed/3804354
https://doi.org/10.1177/0960327110379250
https://doi.org/10.1002/jat.1500
https://www.ncbi.nlm.nih.gov/pubmed/19924677
https://doi.org/10.1007/s00414-020-02361-6
https://www.ncbi.nlm.nih.gov/pubmed/17330754
https://doi.org/10.3109/15563650.2011.584878
https://www.ncbi.nlm.nih.gov/pubmed/21740145
https://doi.org/10.1016/0735-6757(92)90058-6
https://doi.org/10.1097/01.paf.0000068224.9.a9
https://www.ncbi.nlm.nih.gov/pubmed/12773847
https://doi.org/10.1155/2012/323818
https://doi.org/10.1016/j.ajem.2010.08.029
https://doi.org/10.1080/15563650.2021.1898631
https://www.ncbi.nlm.nih.gov/pubmed/33755500
https://doi.org/10.1136/bmj.281.6238.485
https://doi.org/10.12998/wjcc.v8.i8.1463
https://www.ncbi.nlm.nih.gov/pubmed/32368538
https://doi.org/10.1007/s13181-010-0106-6
https://www.ncbi.nlm.nih.gov/pubmed/20721655
https://doi.org/10.1016/0300-9432(77)90062-0
https://doi.org/10.7860/JCDR/2017/24747.9827
https://www.ncbi.nlm.nih.gov/pubmed/28658765
https://doi.org/10.1081/CLT-100108499
https://www.ncbi.nlm.nih.gov/pubmed/11762675
https://doi.org/10.1016/j.accpm.2017.10.001
https://www.ncbi.nlm.nih.gov/pubmed/29055750
https://doi.org/10.1111/j.1556-4029.2011.01907.x
https://doi.org/10.1016/j.scp.2021.100388
https://doi.org/10.1620/tjem.122.65
https://www.ncbi.nlm.nih.gov/pubmed/918956
https://doi.org/10.7759/cureus.39572
https://doi.org/10.1093/ajcp/51.6.741
https://doi.org/10.1016/0379-0738(85)90099-4
https://www.ncbi.nlm.nih.gov/pubmed/3988191
https://doi.org/10.1093/jat/bkaa175
https://www.ncbi.nlm.nih.gov/pubmed/33216118

Biomedicines 2025, 13, 222 12 of 12

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.
44.

Belsey, S.; Flanagan, R. Postmortem biochemistry: Current applications. J. Forensic Leg. Med. 2016, 41, 49-57. [CrossRef] [PubMed]
Wangemann, P. Supporting sensory transduction: Cochlear fluid homeostasis and the endocochlear potential. . Physiol. 2006,
576, 11-21. [CrossRef] [PubMed]

Rodgers, K.; Chou, ].T.-Y. Concentrations of Inorganic Ions in Guinea-Pig Inner Ear Fluids. J. Laryngol. Otol. 1966, 80, 778-790.
[CrossRef] [PubMed]

Melichar, I.; Syka, J. Time course of anoxia-induced K+ concentration changes in the cochlea measured with K+ specific
microelectrodes. Pfliigers Arch. Eur. ]. Physiol. 1977, 372, 207-213. [CrossRef]

Couloigner, V.; Grayeli, A.B.; Sterkers, O.; Ferrary, E. Composition of the Endolymphatic Sac Luminal Fluid in a Patient with
Mondini Dysplasia. Ann. Otol. Rhinol. Laryngol. 2008, 117, 123-126. [CrossRef] [PubMed]

Arlt, W.; Stewart, PM. Adrenal Corticosteroid Biosynthesis, Metabolism, and Action. Endocrinol. Metab. Clin. N. Am. 2005,
34, 293-313. [CrossRef]

Awosika, A.; Khan, A.; Adabanya, U.; E Omole, A.; Millis, R M. Aldosterone Synthase Inhibitors and Dietary Interventions:
A Combined Novel Approach for Prevention and Treatment of Cardiovascular Disease. Cureus 2023, 15, e36184. [CrossRef]
[PubMed]

Hinghofer-Szalkay, H.; Lackner, HK.; Rossler, A.; Narath, B.; Jantscher, A.; Goswami, N. Hormonal and plasma volume changes
after presyncope. Eur. J. Clin. Investig. 2011, 41, 1180-1185. [CrossRef] [PubMed]

Mincholé, A.; Camps, J.; Lyon, A.; Rodriguez, B. Machine learning in the electrocardiogram. J. Electrocardiol. 2019, 57, S61-564.
[CrossRef]

Mayourian, J.; El-Bokl, A.; Lukyanenko, P.; La Cava, W.G.; Geva, T.; Valente, A.M.; Triedman, ].K.; Ghelani, S.J. Electrocardiogram-
based deep learning to predict mortality in paediatric and adult congenital heart disease. Eur. Heart J. 2024. [CrossRef]
[PubMed]

Hawkins, C. Hazard of potassium chloride solution. BM] 1987, 294, 54. [CrossRef]

Rendell-Baker, L.; Meyer, ]. HAZARD OF POTASSIUM CHLORIDE SOLUTION. Lancet 1985, 326, 329. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jflm.2016.04.011
https://www.ncbi.nlm.nih.gov/pubmed/27131037
https://doi.org/10.1113/jphysiol.2006.112888
https://www.ncbi.nlm.nih.gov/pubmed/16857713
https://doi.org/10.1017/S0022215100065981
https://www.ncbi.nlm.nih.gov/pubmed/5945235
https://doi.org/10.1007/BF01063854
https://doi.org/10.1177/000348940811700210
https://www.ncbi.nlm.nih.gov/pubmed/18357836
https://doi.org/10.1016/j.ecl.2005.01.002
https://doi.org/10.7759/cureus.36184
https://www.ncbi.nlm.nih.gov/pubmed/36937127
https://doi.org/10.1111/j.1365-2362.2011.02523.x
https://www.ncbi.nlm.nih.gov/pubmed/21434895
https://doi.org/10.1016/j.jelectrocard.2019.08.008
https://doi.org/10.1093/eurheartj/ehae651
https://www.ncbi.nlm.nih.gov/pubmed/39387652
https://doi.org/10.1136/bmj.294.6563.54-a
https://doi.org/10.1016/S0140-6736(85)90372-1
https://www.ncbi.nlm.nih.gov/pubmed/2862489

	Introduction 
	Materials and Methods 
	Potassium Ion Concentration in Different Body Locations 
	Potassium Ion Concentration in the Blood 
	Potassium Ion Concentration in Tissues 
	Potassium Ion Concentration in Vitreous Body 

	Post-Mortem Detection of Hyperkalemia 
	Conclusions 
	References

