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Abstract

Background: There are more than 1250 species of scorpions. About 100 species are found in
India. These are eight-legged arthropods and have a hollow sting in the last joint of their tail,
which communicates by means of a duct with the poisonous glands, which secrete poison on
stinging. The venom is a clear, colourless toxalbumin, and can be classified as either
hemolytic or neurotoxic. Its toxicity is more than that of snakes, but only a small quantity is
injected. The venom is a potent autonomic stimulator resulting in the release of massive
amounts of catecholamines from the adrenals. When the sting is fatal, the mechanism of
death is often related to cardiotoxicity with terminal pulmonary edema. However, the
cholinergic excess or the neuromuscular excitation can provoke respiratory failure.
Sometimes, death is due to an anaphylactic reaction to the envenoming. The mortality, except
in children is negligible. Colour of scorpions varies from light yellow to black. Most scorpion
stings occur on the extremities. The purpose of this study is to evaluate the autopsy findings
in scorpion sting-related deaths in order to better understand the pathophysiological
mechanisms underlying them, thus helping pathologists in defining the correct diagnosis.
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Introduction

Scorpion sting is a public health issue in several countries, particularly in America, the
Middle East, India and Africa [1-10]. Scorpionism epidemiology in the world is poorly
known [11], even if it has been estimated that the annual global incidence is about 1.5 million
envenomings, resulting in 2600 deaths [12]. The published studies suggest a higher
prevalence and mortality among children [13-16]. Scorpions are classified in the phylum
Arthropoda; their body is lobster-like in shape, with seven sets of paired appendages: the
chelicerae, the pedipalps (claws or pincers), four sets of legs and the pectines (comb-like
structures on the ventral surface). The segmented tail curves up dorsally, ending in the
terminal bulbous segment called the telson, which contains paired venom glands and the
aculeus (stinger) [17]. Their origin is dated to approximately 450 million years ago, since
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when they divided into 19 recognized families and more than 1250 species [18]. It is
estimated that about 50 species from the families of Buthidae, which includes the genera
Leiurus in the Near and Middle East, Androctonus and Buthus in North Africa, Tityus in
South America, Centruroides in North and Central America, Mesobuthus in Asia and
Parabuthus in Southern Africa. Hemiscorpiidae and Scorpionidae are harmful to humans
[18,19]. Scorpion venom is a complex structure composed of neurotoxic proteins, salts, acidic
proteins and organic compounds, thereby having neurologic, cardiovascular, hematologic and
renal side effects, in addition to local effects such as redness, pain, burning and swelling [1].
However, the effect of the scorpion sting is highly dependent on the species, due to the
different targets of the venom [20]. Particularly, while species like Centruroides and
Parabuthus cause neuromuscular issues, Buthus, Mesobuthus and Androctonus exhibit life-
threatening cardiovascular effects [21]. Death may be due to the toxic action of the
envenoming/poison, but also to an anaphylactic reaction to it [22,23]. Thus, if an autopsy is
performed for a suspected death due to a scorpion sting, it can be challenging for the
pathologist to get the correct diagnosis. The purpose of this study is to evaluate the autopsy
findings in scorpion sting-related deaths in order to better evaluate the post-mortem evidence
in those cases.

Materials and Method

The present retrospective study was carried out in the Department of Forensic Medicine &
Toxicology, Government Chengalpattu Medical College and Hospital, Chengalpattu, during
the period from 1st January 2019 to 31st December 2020 and analysis a total of 20 cases of
death due to Scorpion Sting, brought to the mortuary of the hospital for medico-legal
postmortem examination. Details of the cases were collected like age, sex, residence, place
of Scorpion Sting, the inquest reports, hospital records and findings during autopsy, etc. The
information was compiled, tabulated and analyzed.
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Results

Autopsy Findings As known, the external examination findings were not specific and
challenging to identify; usually, they are represented by a small puncture mark inside a
discolored area. Internal autopsy findings are mainly represented by diffuse congestion and
edema. In all the examined cases, lungs showed congestion and alveolar edema with the
histological features of ARDS (hyaline membranes, atelectasis, infiltrate of PMNs common
in the early stage of ARDS). In four cases, the cardiac findings were represented by PMNs or
lymphocyte infiltrate around the papillary muscle and myocytolysis.

Discussion

Most scorpion stings cause localized pain, whereas only an estimated 10% of stings, even
from the most dangerous scorpions, result in severe systemic envenomation. Edema,
erythema, paresthesia, muscle fasciculations and numbness may occur at the site of the sting
[24]. In 2011, Khattabi et al. proposed a three-classes classification of the clinical
consequences of scorpion stings [25]. The 1 class includes local manifestations such as
bullous eruption, burning sensation, ecchymosis, erythema, hyperesthesia, itching, necrosis,
paresthesia, pain, purpura/petechia, swelling and tingling [25]. The Il class includes minor
manifestations (non-life-threatening) such as abdominal distension, agitation, anisocoria,
arthralgia, ataxia, confusion, convulsion, diarrhea, dry mouth, dystonia, encephalopathy,
fasciculation, gastrointestinal hemorrhage, hematuria, headache, hypertension, hyperthermia,
hypothermia, lacrimation, local muscular cramps, miosis, mydriasis, myoclonia, nausea,
nystagmus, odinophagia, pallor, pancreatitis, general paresthesia, priapism, prostration,
ptosis, rhinorrhea, salivation, somnolence, stridor, sweating, tachycardia, thirst, urinary
retention, vomiting and wheezing [33]. Finally, the 111 class includes the most severe and life-
threatening scenarios, limited to those patients presenting at least one of the following
criteria: (1) cardiogenic failure (hypotension, ventricular arrhythmia, bradycardia and
cardiovascular collapse); (2) respiratory failure (cyanosis, dyspnea and pulmonary edema)
or/and (3) neurological failure (GCS < 6 in absence of sedation, paralysis) [34]. As reported
in most of the cases analyzed in our review, pulmonary edema is one of the key elements in
the case of a fatal scorpion sting [25-33]. The origin of this finding is challenging [26], but it
would be helpful to understand the pathophysiology of fatal scorpion stings. Acute
cardiogenic pulmonary edema is one of the manifestations of acute heart failure. It is
characterized by ventricular dysfunction, reduced cardiac output and hypoperfusion,
increased pulmonary capillary pressure and therefore congestion. The venom can cause
myocardial damage by several pathogenetic mechanisms. Myocardial infarction by coronary
spasm may occur after the scorpion sting. Indeed, the release of vasoactive, inflammatory and
thrombogenic peptides and amine constituents (histamine, bradykinin, serotonin,
thromboxane, leukotrienes) can induce coronary artery vasospasm and facilitate platelet
aggregation as well as thrombosis [27]. Agrawal et al. showed a case of a 14-year-old boy
with myocardial infarction due to vasospasm after a scorpion sting [27]. The venom can also
have a direct cardiotoxic effect causing toxic myocarditis and adrenergic myocarditis by
releasing adrenaline and noradrenaline, thus increasing the myocardial oxygen demand,
resulting in cardiac dysfunction [28]. Bahloul et al. examined the histopathology of two fatal
myocarditis cases caused by a scorpion sting, revealing a mixed picture of toxic myocarditis
and coagulative myocytolysis, similar to catecholamine-induced cardiomyopathy [29].
Valdivia et al. reported a series of 32 children with scorpion bites who developed cardiac
complications. Among these, 50% exhibited myocarditis, 12.5% had subclinical disease and
63% had observed electrocardiographic changes. Another cause of death is due to the release
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of allergenic proteins that provoke anaphylactic shock leading to hypotension with
vasodilation and decrease in the intravascular volume with reduced myocardial perfusion and
consequent ischemia and heart failure. Scorpion venom inhibits angiotensin converting
enzyme (ACE), resulting in accumulation of bradykinin, which is implicated in the
development of pulmonary edema. Noncardiogenic pulmonary edema is a disease process
that results in acute hypoxia secondary to a rapid deterioration in respiratory status .The
disease process has multiple etiologies, all of which require prompt recognition and
intervention. Increased capillary permeability and changes in pressure gradients within the
pulmonary capillaries and vasculature are mechanisms for which noncardiogenic pulmonary
edema occurs[32]. Acute pulmonary edema corresponds to the brutal flooding of the
pulmonary alveoli and therefore to a histological picture characterized by alveolar wall
thickening, dilated capillaries and interstitial edema and transudation in the alveolar lumen
(granular and pale eosinophilic)[33]. With regard to the physiopathology, it is known that
among the many constituents of scorpion venom, alpha toxins produce a significant portion
of human toxicity by binding to sodium channels in cell membranes and inhibiting
inactivation of the action potential[24]. This action, along with synergistic effects by other
venom components, causes prolonged depolarization and excessive release of acetylcholine
from parasympathetic ganglia and epinephrine and norepinephrine from sympathetic ganglia
and adrenal glands. This excessive release of neurotransmitters provokes an autonomic storm
consisting of cardiovascular (tachycardia, peripheral vasoconstriction, hypertension,
diaphoresis), metabolic (hyperthermia, hyperglycemia), urogenital (bladder dilatation, urinary
retention, ejaculation in males), respiratory (bronchial dilation, tachypnea) and
neuromuscular (mydriasis, tremor, agitation, convulsions) complications. More rarely,
delayed or masked by the adrenergic storm, a cholinergic (or muscarinic) syndrome can occur
involving the parasympathetic nervous system and resulting in a hypersecretion syndrome
(salivation, sweating, vomiting, urinary incontinence, bronchial hypersecretion and diarrhea),
abdominal pain, miosis, bronchospasm, bradycardia with hypotension and, in the male,
priapism. Some of the symptoms could be reinforced and exacerbated by the release of
inflammatory substances or vasodilators (kinins, prostaglandins)

Conclusions

Most of the deaths from scorpion sting are males accounting 60% compare to female 40%.
Most cases reported from rural population (70%) whereas urban (30%). Most deaths reported
from the age group of 50 — 60 (35%). Autopsy findings in the case of a fatal scorpion sting
are pulmonary edema and ARDS suggests an impairment of the respiratory function that can
be secondary, or not, to the cardiac one. It is also important, in the context of forensic
pathology, to report and investigate—with histological and immunohistochemical
examinations—this type of death in order to better understand the pathophysiological
mechanisms underlying them.
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