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Abstract
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The systematic examination of the poisoning case whether it’s in live case or deceased case is one of the most challenging tasks in forensic
toxicology. In the suspected case of poisoning, both external and internal examination of the body is carried out to determine the cause of death.
Forensic toxicologist generates the hypothesis based on the associated postmortem appearances and performs the related analytical tests. This
review attempts to highlight the points for diagnosis of poisoning on the basis of external and internal clinical signs along with non-clinical
findings. In case of lack of data associated with characteristic autopsy appearances is often very frustrating to a forensic toxicologist, therefore
case history and autopsy findings are very helpful to screen which test has to perform exclusively first. Interpretation of postmortem toxicological
findings is always based on the skills and experiences as well as requires literature for comparison. Case history, circumstantial evidences and
autopsy findings become important part of the interpretation too. Moreover, it is advised that differentiate the clinical sign whether caused
by either poison or any natural disease. Complete diagnosis of poisoning of is a collaborative investigation between forensic pathologist and
toxicologist, however, in this review; information has been assembled on the basis of external and internal finding in live and dead case as well.

Introduction

Poisoning refers to exposure to any agent which is capable
of producing an adverse response in a biological system. It may
results into slight irritation, serious deleterious effects and even
may cause death. Poisoning is common in the world including
India but modes of poisoning varies i.e. it may results from
the attempt of suicide, homicide and accidents [1]. High rate
of accidental poisonings have been reported in children due
to their inquisitiveness, inability to read warning labels, and
inadequate supervision. At home, drugs or household chemicals
are most likely the main cause of accidental exposure to children
and adults [2,3]. Accidently ingestion of contaminated food,
poisonous plants or animals and stinging and biting are the
other causes of accidental poisoning in adult [4]. While, criminal
poisoning occurs when individual or group of individuals
intentionally attempts to cause destruction of life on others
by using poison [5]. To harm a person criminal prefers to use
poison as it provides him ample time to escape from the scene
/ spot. Homicidal poisoning is the killing of a human being by
the administration of poison. Selected poisons are used for
homicidal purposes because of their small fatal doses, tasteless
and odorless properties, miscibility with drinks and availability,
which are considered as ideal homicidal poisons. Financial
(inheritance, insurance), personal (revenge) and psychological
(a desire for power and control) factors may motivate the
homicidal poisoning.

On the other hand’ suicidal poisoning defines as the self-
infliction by poison with the intention of committing suicide.
Availability of poisons in house or the working place is one of
the factor which promote suicidal poisoning like, cyanide in
electroplating units, pesticides are mostly available with farming
communities, thiopental sodium nitrite in dyeing industries etc.
[6]. Suicidal cases are being frequently reported in young people.
Besides, barbiturates and benzodiazepines are usually used by
the educated people. Anaesthetic agents like thiopental have
also been reported in the suicide cases in few doctors [7,8]. On
the basis of duration of exposure, sign and symptoms, medical
practitioner can categorize the poisoning in fulminate, acute,
sub-acute, chronic and sub chronic. Owing to the massive dose,
death precedes very rapidly without any onset of symptoms
is called a fulminant poisoning. In such poisoning the patient
is appeared to collapse suddenly. Acute poisoning is produced
either by a single high dose or several small doses taken over a
short interval of time i.e. it may be seconds, minutes or hours,
or repeated exposures over about a day when less. In acute are
, the onset of sign and symptoms are relatively instantaneous
and depends upon the dosages [9]. Delayed health effects of
acute poisoning also should not be forgotten because sometime
toxicity appears late even when people are no longer to the
exposure of poison substance for many days, months or years.
Therefore, sign and symptoms of chronic exposure varies due
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to different duration of exposures and how much poison enters
in the body and partly on how much poison eliminates from
the body during that time. Chronic poisoning is mainly seen
in occupationally engaged people at their work places and is
caused due to exposure of small doses over a long period of time,
resulting in gradual deterioration eg: mercury, arsenic, lead,
cadmium, antimony and opium [10-13]. Sub-acute poisoning
occurs slowly than acute poisoning but exposure than chronic
poisoning.

Methods

A literature search was conducted May to June 2018 in Pub
- Med (www.ncbi.nlm.nih.gov/pubmed/), SciFinder (products/
scifnder) and Scopus (www.scopus.com/) databases filtered for
poisoning studies. Total of 373 studies with poisoning outcomes
was identified, of which seventy six studies were eligible and
included in this review.

Diagnosis of Poisoning

Initially, prompt treatment is necessary to prevent
complications due to poisoning, but the diagnosis of poisoning
may be difficultbecause ofthe victim may either be unconscious or
poisoned by other persons [14]. The doctors acquire information
like history of poisoning and extent of poisoning to generate the
hypothesis and likewise perform the laboratory test to detect
the presence of particular poison and its level in blood, urine or
other visceral tissues depending upon the class of poison. In case
of an unconscious victim, tablets, empty containers, and vomited
material are useful evidence to determine which substance
was accounted for poisoning [15,16]. In order to diagnose the
poisoning, physical examination of the patient is necessary;
some toxic substances may cause rawness or burning of the

Clinical Sign

skin. In some cases the diagnosis of poisoning is uncomplicated
because of their characteristic odor and specific sign of injuries
and symptoms caused; like petroleum products leave a lighter
fluid or kerosene like distinctive odor and some acids and alkalis
leave burns on the mouth [17,18]. Unfortunately, diagnosis in
the many poisoning cases remains indecisive.

In the Living

Diagnosis of poisoning in living person is examined based on
the clinical or non clinical history with circumstantial evidences
and specific or nonspecific signs of poisoned patients.

History and Circumstantial Evidences

Diagnosis of self-poisoning can usually be made from the
history. The doctor gathers toxicological, medical, psychiatric
and social history for the diagnosis of poisoning. This history
can be acquired from friends and relatives also. Suicide note,
presence of any suspicious article like; tablets, bottles, vials,
ampoule etc. are helpful for the assessment of poisoning in the
unconscious poisoned patients or dead persons [19,20]. If the
poisoning occurs in the children, poisoned material may be
present at around their mouth or on their clothing. The history
should consist of the patient’s age, weight, nature or amount
of substance taken, time of onset of symptoms of poisoning
and typical or atypical route of poisoning [21,22]. Besides, the
doctor should obtain the other information like; geographic
location where the poisoning occurred and the whether the
patient emotionally or psychiatrically distressed. In addition, a
detailed of addiction history and past medical history should be
obtained, including concurrent medications and previous side
effects if any. Specific attention should be required to the collect
the essential information and the poisoning associated details
to know whether the poisoning is intentional or unintentional.

Table 1: Type of Poison involved in the common sign and symptoms of poisoning.

S.No. Sign and Symptoms Type of Poison involved
1 Nausea, vomiting, abdominal pain, tinnitus, deafness, sweating, fever, disorientation, lethargy, Salicvlates
’ hyperventilation, vasodilatation, metabolic acidosis y
2. Nausea, vomiting, abdominal pain, jaundice, confusion, coma may develop later Acetaminophen
3. Agitation, restlessness, tremor, mydriasis, anxiety, arrhythmias, convulsions, tachycardia, Sympathomimetics
.. . L. . - Ecstasy (MDMA), amphetamines,
4. Delirium, hyperthermia, agitation, tachycardia, mydriasis v ( ) amp
cocaine
. . . . o Tricyclic antidepressants,
Blurred vision, dry mouth, fever, hypotension, coma, seizures, confusion, , mydriasis, sinus . o .
5. ) ) . . R orphenadrine, antihistamines less
tachycardia arrhythmias, respiratory depression, hyper-reflexia, myoclonus,
commonly,
6. Blindness Quinine, methanol
Drowsiness, hypotension, hypothermia, lethargy, dysarthria, coma, ataxia, respirator . .
7. yp yp . nargy, dy P y Benzodiazepines
depression with overdoses
R Lo Organophosphate and carbamate
8. Hyper-salivation, miosis, bronchorrhoea g p p. .
insecticides, nerve
Anxiety, nausea, vomiting, euphoria, headache, chest pain, hypertension, fever, tachycardia,
9. tachypneaagitation, twitching, mydriasis, diaphoresis, confusion, hypotension, abdominal Cocaine
cramps, cardiopulmonary arrest, hallucinations, seizures,
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Nausea, vomiting, drowsiness, reduce respiratory rate, coma, miosis, cyanosis, seizures . .
10. ! & ‘. P y ’ ’ ¢y ! ! Narcotics and opioids
noncardiac pulmonary edema, bradypnea
Drowsiness, chest pain, hypotension, coma, confusion, seizures, bradycardia, peripheral .
11. ’ pain, hyp N . . ! y » perip Calcium channel blockers
cyanosis, respiratory distress

Physical examination of the poisoned person may indicate
the poison or category of poison involved in poisoning. However,
there is an extensive range of poisons which can cause some
common effects on the person that make the diagnosis more
difficult in such cases. Constellations of clinical signs of
poisoning associated with some common poisons have been
described as toxic syndromes and help the clinician for the
preliminary identification the cause of poisoning [23,24].The
doctor should note abnormalities of each system of the body of
the patient including any vital sign in eyes, skin, reflexes, breath

sounds, and dehydration due to vomiting/diarrhea and should
also observe urine color and any kind of physical material linked
with the poisoning. General observations of the poisoned person
may also divulge valuable information. Diagnosis of poisoning
cannot be possible on the basis of a single sign as there are
various signs and symptoms come together that make diagnosis
of poisoning possible with specific poisons. However, there are
some important valuable specific clues which pertain for specific
poison or drug only. -Such specific patterns of toxicity related to
the specific poisons have been enlisted in the Table 1.

Vital Sign
Table 2: Selected list of poisons with possible vital sign and symptoms.
S.No. Vital Sign Type of Poison involved
1. Tachycardia Antihistamines, cocaine, salicylate, amphetamine, tricyclic antidepressants anticholinergic drugs, alcohols
2. Bradycardia Cholinergic drugs, calcium channel blockers, opioid, digitalis, beta blockers, digoxin, clonidine, procainamide
3 Hypertension Sympathom.imet.ic age.nts (Cocaine, amph.etami.ne, ephedrine, mari]:uana), ant.icholiner_gic agents Atropine,
tricyclic antidepressants, antihistamines), ethanol, sedative hypnotic drug withdrawal
4, Hypotension Calcium channel blockers, beta blockers, clonidine, heroin, antidepressants
5. Tachypnea Salicylates, CO, ethylene glycol, methanol, paracetamol, salicylate
6. Bradypnea Ethanol opioid
7 Hyperthermia Acetylsalicylic acid, MDMA (ecstasy), ar:(ilrillilci;jciﬁ:l;?si)ﬁzlt(;tmh?;:, MAQO inhibitors, dinitrphenol, cocaine,
8. Hypothermia Opioid, barbiturates. antidepressant, CO, tricyclic antidepressants, CNS depressants, benzodiazepines
9. Coma Narcotic, cyclic antidepressants, lead, CO, cyanide, organophosphate
10. Peripheral Neuropathy Chronic poisoning of arsenic, lead, mercury
11. Muscles Rigidity Phenothiazines, haloperidol, cyclic antidepressants
12. Ataxia Narcotic, antidepressant, barbiturates, phenytoin, alcohol
13. Tremors CO, mercury, phenothiazines, alcohol, caffeine, tricyclic antidepressants
14, Seizures and Cocaine, lead, lindane, camphor, salicylate,Os;cgrcll(l)r;i}rlloeért);iacilglic antidepressants, caffeine, theophylline,
Convulsions

Vital signs in the case of poisoning are mostly associated
with the overdosed cases, cardiac arrhythmias, respiratory/
cardiovascular depression, and impairment of consciousness,
convulsions agitation, and muscular weakness. The rate of
respiration may be increased due to direct stimulation of the
respiratory center in brain by common stimulant drugs such
as caffeine, amphetamines, cocaine [25-27]. Cellular hypoxia
may occur due to increase cellular oxygen consumption that
associates carbon monoxide poisoning or cyanide poisoning
[28,29]. Respiratory arrest may also occur due to the failure of
ventilator and depression of the respiratory drive centre with the
botulism or organophosphate poisoning [30,31]. Common drugs
such as cocaine, phencyclidine and amphetamines may stimulate
the central sympathetic nervous system and cause tachycardia
and hypertension. Hypotension with bradycardia may develop
due to the central depression of sympathetic output, peripheral

blockage of calcium channel and J-receptors, by the overdose of
tricyclic antidepressants (TCAs), calcium-channel blockers, beta
blockers, reported in cyanide or carbon monoxide poisoning.
In such cases tachycardia may be caused by hypovolaemia
(fluid loss from vomiting and diarrhea) and vasodilatation.
Unconsciousness is mostly linked with drug overdose. A variety
of drugs such as narcotics, sedatives hypnotics, anticholinergics,
or other sympatholytic agents may develop various neurological
conditions with the other vital signs (respiratory depression,
hyperension and hypotension). Drugs and chemicals can cause
coma by various mechanism, including oxygen deprivation,
depression of the central nervous system and the cerebral
hemorrhage. Like coma, agitation, delirium, psychosis and
seizure are common features of poisoning - related to drugs
and chemicals. Seizures are associated with the overdose
poisoning of tricyclic antidepressants, isoniazid, theophylline
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and stimulants such as phencyclidine, amphetamine and cocaine
[32,33]. Delirium with confusion and disorientation may also
occur in anticholinergic poisoning. While, paranoid psychosis
associated with the amphetamine or cocaine intoxication
[34,35]. Common vital signs of toxicity associated with poisons
have been described in the Table 2.

Toxic Syndrome

There are few poisoned conditions in which specific signs
and symptoms for a particular class of poisons resemble with
other clinical conditions arising due to natural disease. Toxic
syndrome is described as the constellation of sign and symptoms
comprising a set of clinical fingerprints consistently result from
the poisons. Toxic syndrome provides a conventional clue for
quick detection of suspected causes of poisoning and such toxic
syndromes have been summarized in the Table 3.

Cholinergic Syndrome

Cholinergic syndrome is a condition which builds up
either from acteylcholinestrase enzyme inhibition or due
to direct agonist at muscranic or cholinergic receptors and
simultaneously increases the levels of acetylcholine which
are potentially lethal for central, peripheral muscranic and
cholinergic receptors. Cholinergic syndrome has been noted
mostly in organophosphate and carbamates poisoning [36,37].
Sign and symptoms of cholinergic syndrome are erratic but
fasciculation and muscles weakness may be more prominent
symptoms of cholinergic crisis condition of patient. Further
salivation, lacrimation, urinary and faecal incontinence, pin-
point pupils, seizures and respiratory depression have also
been observed in organophosphates poisoning. List of causative
agents for cholinergic syndrome is shown in Table 3.

Table 3: The ensemble of the signs and symptoms of the disorder (toxic syndrome) resulting from the poisoning.

S.No. | Toxic syndrome

Causes

Anticholinergic

Atropine,scopolamine,Glycopyrrolate,B enztropine, trihexyphenidyl, carbamazepine, cyclobenzaprine, orphenadrin,
antihistamines, antipsychotic drugs, antispasmodics, antiparkinsonian, cyclic antidepressant drugs and amanita

syndrome muscaria (fly agaric), arctium lappa (burdock root), atropa belladonna (deadly nightshade), cestrum nocturnum
(night-blooming jessamine), datura suaveolens (angel’s trumpet) and datura stramonium (jimson weed)
Cholinergic Parasympathomimetic drugs, organophosphates, carbamates, and some mushrooms

Sympathomimetic

Salbutamol, ephedrine, ps eudoephedrine, cocaine, methamphetamine, phenylpropanolamine and amphetamines

syndrome
Sedative Anticonvulsants, meprobamate, gamma-Hydroxybutyric, opiates, methaqualone, barbiturates, acid, glutethimide,
syndrome benzodiazepines, clonidine and ethanol

Anticholinergic Syndrome

Anticholinergic syndrome arises due to the competitive
inhibition of muscranic cholinergic neurotransmission both
in the central and peripheral nervous system. Diagnosis of
anticholinergic syndrome is clinically based on the symptoms
of delirium with signs of peripheral muscranic blockade.
Delirium condition appears within few hour of poisoning. It is
difficult to evaluate the duration of delirium, but it may persist
for up to 5 days in some cases such as poisoning with the
benztropine. Anticholinergic toxicity is commonly developed
due to the anticholinergic class of drug and other drugs that have
anticholinergic properties like antihistamines, antipsychotics,
antispasmodics, cyclic antidepressants, and mydriatics [38,39].
In addition to these drugs, several anticholinergic substances are
also present in different varieties of plants. Agitated delirium,
tremor, myoclonus, delirium (CNS) and hyperthermia with
dryness mouth and skin, mydriasis, flushing, urinary retention
(PNS) are the clinical features of anticholinergic syndrome
[40,41].

Sympathomimetic Syndrome

Drugs of this group include, caffeine, methamphetamines,
ritalin, LSD, theophylline, MDMA, cocaine and amphetamines
which produce physiologic and toxic effects by Alpha/beta
adrenergic stimulation and mimicking the action of sympathetic
system [42-44]. Typical adrenergic signs and symptoms are
occurred in the sympathomimetic toxic syndrome, some of which

can be fatal. However, intracerebral bleeding, seizures, strokes,
hyperthermia, hypertension and cardiac arrhythmias are well-
documented complications of sympathomimetic toxicity [45-47]
Sometimes this syndrome resembles with the anticholinergic
syndrome, but the later is coupled with dry skin and diminished
bowel sounds. Sympathomimetic toxic syndrome may also
characterize with the some nonlethal signs and symptoms such
as mydriasis, acute psychosis, paranoia, bruxism, tachycardia,
diaphoresis, and delirium.

Sedative /Hypnotic Syndrome

Sedative-hypnotics are a group of xenobiotics that overcome
the excitability and induce drowsiness and results in central
nervous system depression. Anticonvulsants benzodiazepines,
barbiturates, methaqualone, and ethanol are the most
commonly used drugs that may cause such toxic syndrome.
Most of the sedative /hypnotic drugs stimulate the activity of the
y-aminobutyric acid (GABA) receptors via the benzodiazepine-
binding site or modifications of nerve membranes [48,49].
Deep narcosis may be occurred more likely in this syndrome.
Other symptoms of sedative/hypnotic syndrome include
blurred vision, slurred speech, ataxia, diplopia, hallucinations,
dysesthesias, paresthesias, nystagmus, sedation, respiratory
depression especially in barbiturates combination with alcohol

and coma.

Ocular Clues

In many cases of poisoning, visual acuity has also found to be
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affected, even with blindness. Chloroquine, quinine and methanol
poisoning is associated with the visual impairment [50-52].
Several drugs/poisons affect the pupils of the eyes and result
in miosis, mydriasis and nystagmus. Both mydriasis and miosis
can be physiological but may also link with non-physiological
causes such as in disease condition, trauma, or intoxication of
drugs/poison. Mydriasis is defined as the dilation of the pupil
that results in hypersensitity of pupil to light. Mydiasis is caused
by the anticholinergic (e.g. tricyclic antidepressants, atropine,
cocaine, phenothiazines, benzodiazepines, barbiturates and
ethanol) and sympathomimetic (e.g. amfetamines) poison.

Table 4: List of poison causing different type of ocular disease feature.

Some poison (e.g. quinine and methanol) may also cause the
blindness mydriasis due to the retinal, optic nerve or ocular
dysfunctions. In miosis, there is constriction of pupil that may
be caused by opioids, cholinergic or anticholinesterase (e.g.
organophosphates, insecticides, phencyclidine, phenothiazines
and carbamate pesticides,) poisoning. Nystagmus is another -
similar condition which is manifested by uncontrolled, rapid and
repetitive eye movements. Nystagmus has also been reported in
tobacco, barbiturate, and organophosphate poisoning (Jaanus.
1992). Ocular clues of poisoning and their cause are shown in
the Table 4.

S.No. Feature

Type of Poison involved

1. Miosis

Heroin, morphine, benzodiazepines, acetone, carbamates, carbolic acid, nicotine, barbiturates, haloperidol

2. Mydriasis

Amphetamine, cocaine, antihistamines, ketamine, datura, curare, gelsemium, formic acid, cyanide, ephedrine

3. Nystagmus

Phencyclidine (PCP), alcohol, benzodiazepine, marijuana, phenytoin, lithium, meprobamate, quinine,

orabsent pupil response

carbazepine
4, Blurred Vision Anticholinergics drug, lithium, botulism, ethanol, methanol MAOIs,
5. Optic Neuritis Digitalis, disulfiram, chloroquine, ergot, penicillamine, quinine, heavy metals, methanol,
6. Altered Color Perception Hydrocarbons, CO, cannabis, digitalis, nalidixic acid, ibuprofen,
7. Oculogyric Crisis Metoclopramide, butyrophenones, phenothiazines,
8. | Diplopia Ethanol, Barbiturates, opiates, cannabis, tetracycline, phenytoin
9. Corneal Deposits Chloroquine, vitamin D
10. Slow, delayed, sluggish Alcohol, heroin, cocaine, benzodiazepine, amphetamine

11. | Keratopathy Crack cocaine

Olfactory Clues
Table 5: List of poison causing different type of ocular disease feature.
S.No. Type of Poison Characteristic Smell

1. Cyanides Bitter almonds

2. Alcohols Acetone-apple like

3. Aluminium phosphide, Zinc phosphide Fishy
Nitobenzene Shoe polish

4 Hydrogen sulphide, N acetyl cysteine, Carbon di sulphide, Mercaptans, Disulfiram Rotten eggs

5 Organophosphate, Arsenic, Phosphorus, Selenium, Thallium, Tellurium, Dimethyl sulfoxide Garliky

6 Creosote, Carbolic acid Disinfectant (hospital odor)

7. Chloral Hydrate, Paraldehydes Acrid-pear like

8 Carbon monoxide Coal gas

9 Ethanol, Isopropanol, Nitrites, Chloroform Fruity

10. Marijuana Burnt rope

11. Camphor, Naphthalene Mothballs

12. Methyl salicylate Wintergreen or Minty

13. Acetic acid Vinegar

14. Circutoxin (water hemlock) Carrots

15. Phosgene Freshly mowed hay

16. Ethchlorvynol Pungent aromatic

17. Petroleum distillates Gasoline

18. N-3-pyridylmethyl-N-nitrophenylurea (VACOR) Peanuts

19. Lewisite Geraniums
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20. Toluene

Glue

21 o-Chlorobenzylidenemalonitrile(teargas)

Peppery

Since, several poisons give off a distinctive odor on the
breath which may be perceived in the vicinity of a poisoned
patient, therefore, vomit material and smell emanating from
the mouth should be inspected for specific poisons. For ex-
sulfur compounds and aluminum phosphide give off mild
odor resemble the smell of a lighting match and mild garlic
respectively. Owing to poisoning from these poisons, they will
give off a powerful odor like rotten eggs and potent garlic odor
correspondingly [53]. Petroleum products, such as kerosene,
leave a characteristic odor on the breath. One or more types of
smell may perceive in certain conditions like organophosphates
poisoning. In this, the affected person may smell of garlic due
to organophosphates poisoning and of petrol due to the other
solvents [54] (Table 5).

Dermal Clues

In most of the poisoning cases, dermal clues are appeared
either due to direct exposure to skin or due to the systematic
effects of poison. Before examining the skin; the patient’s
clothing should removed to assess the skin color, temperature,
formication, dryness, erytherma, sweating and presence of
injection marks. Dermatitis condition may develop due to the
chronic exposure of heavy metals. Hyperkeratosis and melanosis
are the basic features of chronic poisoning of arsenic [55]. The
presence of injection marks on the body may suggest the route
of poisoning. In such cases, sample should be collected from the
site of injection in order to diagnose the poisoning. Red color
appearance of the skin may be due to the carbon monoxide, niacin,
cyanide, boric acid and scromboid poisoning. Blue discoloration
of the skin (cyanosis or methemoglobinemia) indicates the
poisoning caused by the nitrates, nitrites, phenazopridine and
ergotamine. The presence of a rashes or blisters may also provide
clues for diagnosis. Although rashes or blisters are typically
located on different part of the body like between fingers, knee
and backas aresult of prolonged immobility. These are classically
associated with the barbiturate poisoning [56]. Patches may
also be seen in vagina and scrotum in case of drug abuse of
opioids and fentanyl. The dryness and moisture of skin are also
important factor to differentiate an anticholinergicmediated
poisoning from a sympathomimetic poisoning as dry and hot
skin is associated with the anticholinergic drugs. Dry and hot
skin may also be seen in food poisoning. Hyperthermia may also
results in drug overdose cases and is an immediate threat to life
which must be quickly recognized and treated. Hyperthermia
may also be caused by impaired thermoregulatory mechanisms
with inadequate heat dissipation, muscular hyperactivity or
hyperrigidity and increased metabolic rate [57]. Hyperthermia
in case of tricyclic antidepressant overdose results from
seizures and myoclonic jerking and is an immediate danger to
life. Presence of cool, clammy and sweaty skin is an indicator of
hypothermia, suggesting sympathomimetic overdose. A number
of drugs produce irritation, dermatitis even in therapeutic non-

toxic doses, whichinclude most of the phenothiazines, antibiotics,
thiazides, sulfonamides and NSAIDs etc. Hence, dermal signs are
very crucial findings that can make the diagnosis of poisoning
possible with specific poison or drugs.

Inspection of Blood and Urine

Variations in the color of blood and urine from the normal
are found in many intoxication conditions. Some chemical or
drugs such as isobutyl nitrite or dapsone may also turn the
normal color of blood into chocolate-colored blood due to the
development of methaemoglobinaemia condition. Pink plasma
indicates the poisoning from the haemolytic poisons (e.g. sodium
chlorate). Colored urine may also be seen in various poisoning
cases. Yellow or brown discoloration of urine may be caused by
the chloroquinine, quinine and cresol poisoning. While, presence
of green fluorescence in urine indicates acriflavine poisoning.
Besides, blue or green color of the urine is caused by phenol
poisoning. Crystals may also be found in urine after ingestion of
ethylene glycol or due to an overdose of primidone.

Diagnosis in Dead

Investigation of poisoning in deceased person is based on
the different conditions which cover case history, condition
under which death caused and postmortem examination of
body. Postmortem is carried out to establish the cause of
death by analyzing postmortem remains. Sometime clinical
diagnosis of poisoning are very complicated because presence
of no specific sign and symptoms may indicate the natural death.
Unavailability of case history also makes difficult to investigate
the case of poisoning.

External

External postmortem finding are also very useful to explore
the poisoning case and great attention should be required for
external post-mortem examination. Complete external and
internal examination of body indicates that which tissues
are much required for chemical examination to confirm the
suspected cause of death.

Clothes

Clothes should be examined carefully for the presence of any
stain of poison, content of vomit and feces.

Facial Features and Natural Orifices (Lips, Mouth,
Nose, Ear and Vagina)

If poisoning is suspected; photograph should be taken for
analysis of facial features. Color of the face is noted with sign of
poisoning. Ulceration and dark brown stains may be seen on lips
and near the angle of mouth which is suggestive of corrosive’s
poisoning. Careful examination of both upper and lower lids of
eyes is carried out and also looks for petechial hemorrhages of
conjunctiva. Vitreous fluid under ophthalmoscope should be
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examined and degree of turbidity of vitreous fluid is noted. The
level of turbidity of the vitreous fluid is evident of postmortem
gap and drug-induced deaths. The natural orifices such as the
mouth, nostril, ear, rectum, and vagina may give an idea about
the presence of poisonous material or the signs of it having been
used. Hydrocyanic acid or opium gives off a peculiar smell near
the mouth and nose. Ulceration may be found in the nasal mucosa
of septum in case of cocaine sniffers. Some poisons which may
be recognized by their odor are phenol, ether, opium, alcohol,
organophosphorus compounds, cyanides, endrin, chloroform,
paraldehyde, camphor etc. Furthermore, froth may be present
at the mouth and nose in case of opium poisoning. Some
organophosphorus compounds produce blood tinged froth from
mouth and nose. Staining, erosion and ulceration may be present
at near female external genitalia and it should also be examined
for evidence of abortifacient agents or torturing agents used.

Dermal Clues

Skin should be examined for the color of postmortem
staining, alopecia, hyper-pigmentation, hyperkeratosis and
injection marks. Furthermore, great attention should be paid to
find any blister and hemorrhagic spots under the skin. Carefully
inspect fingernails, antecubital fossae, ankles, dorsum of the
hands for syringe marks. Apart from these, tattoos should also
be examined for syringe marks. Sometimes injection marks are
deliberately defaced by cigarette burns. Jaundiced skin may be
seen in phosphorus poisoning or yellow in case of acute copper
poisoning. Cherry red appearance of skin suggests carbon
monoxide poisoning. Deep cyanosis and bright red skin may
indicate the poisoning due to the opium and hydro cyanic acid
respectively. Nitrates, potassium chlorate and aniline poisoning
cause brown or deep blue postmortem staining. There is early
onset of rigor mortis and decomposition in cases of strychnine
and hydrogen sulphide poisoning (Table 6).

Table 6: Selected list of poison with possible cause of dermal sign and symptoms.

S.No. Dermal clues Type of Poison involved
1. Dry and hot skin Datura, atropine
2. Cherry pink color Carbon monoxide
3. Blister and bullae Carbon monoxide, barbiturates, imipramine, methadone
4. Petechiae and purpuric spots Warfarin
5. Diaphoresis Cocaine, LSD, salicylate, pilocarpine, mercuric chloride
6. Erythema Boric acid, cyanide, mercury
7. Flushing Clonidine, ergot, niacin, theophylline
8. Formication Cocaine, arsenic
9. Acne brown color Chronic poisoning of phenytoin, bromides, iodides, coaltar products
10. Hyperkeratosis and rain drop pigmentation Chronic arsenic poisoning
11. Cyanosis and methemoglobinemia Nitrates, nitrites, ergotamine, phenazopridine, aniline dyes

Internal Findings

Autopsy is mandatory in all the cases where, there is a doubt
that a drug or poison is concerned as a probable cause of death
except of two conditions. The first condition is when, the patient
has died due to overdose of drug in a hospital and hospital’s
toxicology laboratory confirmed the lethal level of drug. In the
second case, when the patient has been died due to overdose
and leaves circumstantial evidences like suicide note, history of
suicidal tendencies or missing medication, etc and the absence
of any other possible clue of cause of death. Various poisons or
drugs cause death without leaving specific, readily identifiable
external or internal manifestation. In such cases, the autopsy
fails to reveal the actual cause of death. In such instances, it is
very complicated for an analyst to carry out the toxicological
studies with the existing situations and facilities available.

Odor

The odor should be noted while opening the body. The
distinctive odor may emanating in some poisons such as garlic
like odor (organophosphate insecticides, arsenic), smell of oil
of wintergreen (methylsalicylates), noxious rotten-egg smell
(sulfur dioxide and hydrogen sulfide), mowed hay (phosgene)
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and bitter-almond scent is associated with cyanide as discussed
earlier sections.

Mouth and Throat

Mouth and throat are also examined for any evidence of
inflammation, erosion and staining. These are also examined for
the signs of corrosives or irritant poisons. Corrosive chemicals
are responsible for corrosion, ulceration and desquamation of
inner aspects of lips, mucus membrane of mouth and tongue
[58]. Swollen, sodden, translucent, bleached tongue and mucus
membrane of mouth may result due to corrosive alkali. Swollen
gums, with foetid smell are the signs of acute mercuric chloride
poisoning and chronic phosphorus poisoning [59,60]. Blue
lining in the gum is found in the case of chronic lead poisoning.
Chalky white discoloration of the teeth indicates sulphuric
acid poisoning. Necrosis may be seen in pharynx manifested
with agranulocytosis causes by dinitophenol suphonamides,
amidopyrine, thiouracil and birbiturates. Nitric acid poisoning is
characterized by pharynx lined with the softened and hyperemic
mucous membrane and edema may be extensive at the opening
of the larynx. Superficial opaque brownish stains may be seen
in pharynx.
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Esophagus

In the nitric acid poisoning, the esophagus is corroded
in its upper part and hydrochloric acid produces dilated
esophagus with the reddened and inflamed mucous membrane
[61]. Desquamation and softening mucous membrane of the
esophagus are evident in most of the corrosive alkalis poisoning.
Swollen engorged mucous membrane of esophagus with patches
of ulceration may be seen in iodine, mercuric chloride and acute
poisoning of cantharidine. Perforation may be found in paraquat
and fluoride poisoning. Contracted and the tough esophagus
with whitened mucous membrane thrown up into folds and
longitudinal red fissures in the mucosa may be produced by
phenol poisoning. In case of antimony poisoning, esophagus
is lined with yellowish-white pseudo-membranous deposit.
Moreover, strong solution of potassium cyanide can cause
wrinkle in mucous membrane of the esophagus with peculiar
reddish-brown color.

Upper Respiratory Tract

Larynx, trachea and bronchi should be examined for any
evidence of volatile irritant and inhaled poisonous material.
Alcohol and barbiturates are mainly cause laryngeal edema. If the
corrosive poison has been entered into respiratory tract, edema
of glottis, congestion and desquamation of mucous membrane of
trachea and bronchi may be seen. Congested larynx, trachea and
inflamed bronchi have been reported in hydrochloride poisoning
with whitish-grey opaque layer mucous membrane which can be
rubbed off also. Swollen laryngeal and tracheal mucosa, edema
at layer of vocal cords may be seen in ammonia poisoning [62].
Inflamed larynx and trachea with the reddened bronchi are the
features of caustic alkalis poisoning. They also contain viscid and
purulent mucus. Frothy bloodstained mucus is found in larynx
and trachea due to potassium cyanide poisoning. Congested
larynx, trachea and bronchi are the characteristics findings of
veronal poisoning.

Lungs

Lungs are congested and edematous in most of the cases. If
ammonia and phenol poisoning patient have survived for few
days, broncho-pneumonia would be present in those cases.
Severe effusions of blood into the pleural cavity, congested lungs,
especially in the lower lobes have been observed in the antimony
poisoning. Bloodstained effusions in the pleural cavity, subpleural
hemorrhages and congested lungs may be associated with the
phosphorus poisoning. Potassium cyanide poisoning may be
linked with the congested or edematous lungs and petechial
hremorrhages under the pleura. Hyperremia of the lungs has
been described in cocaine poisoning. Eedematous, hypostatic
congested lungs and patches of early broncho-pneumonia may
be found in morphine or veronal toxicity. Engorgement of the
lungs is the characteristic feature of strychnine poisoning.

Stomach

Discoloration and other remarkable appearances of the
stomach during autopsy give rise to the question of cause of
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death. Unusual discolorations of the mucous membranes are
mostly described in context of poisoning. When dealing with the
examination of stomach and its contents, any unusual appearance,
such as the hyperemia, softening, ulceration, perforation and
presence of any foreign material should be noted. These signs
are usually seen in corrosive and irritant chemical poisoning. In
many drug poisoning cases, color and appearance may also be
found normal in the stomach.

Hyperemia

It is the redness caused by an excess of blood in the mucous
membrane of cardiac end of stomach. It is a deep crimson
coloration, sometimes may be patchy or diffused and color of
mucus membrane of stomach is velvety in arsenic poisoning.
Patchy and diffused hyperemia is usually most marked with
cardiac end and rarely with pyloric end of stomach. Various
substances like fruit juice may also cause discoloration.
Hyperemia is spreaded over whole surface of stomach and not in
patches due to some disease condition but ridges of the mucus
membraneis more affected in poisoning. The feature of hyperemia
that differentiates it from asphyxial death is characterized
by venous congestion. Hyperemia is also found on the mucus
membrane of stomach in natural death, but it is only extended
to the posterior wall of stomach without thickening of the wall.
Generally irritant poison causes hyperemia in the mucous
membrane of stomach. Sometime phenol transudes through
the stomach wall and mucus membrane turns into whitish
cooked appearance. Phenol may cause small hemorrhagic spots,
consistency, corrugated and redbrown mucous membrane. If the
solution of the corrosive mercurial salts has been swallowed,
mucous membrane is converted into an opaque grayish-white
color. Some effusion of blood may take place in sub mucous coat
due to antimony poisoning. In this case peritoneal of stomach
is also inflamed and white aphthous patches may be present.
The mucous membrane of stomach is swollen, grayish-white in
coloration and small ecchymosis is caused by phosphorus. The
walls of vessels are wrinkled, become peculiar reddish-brown
in color, distended and blood is found in the stomach due to
potassium cyanide poisoning. Pale stomach has been found in
chloroform poisoning.

Softening

Most of the corrosives and irritant poisons cause damage to
epithelium and secrete excess mucus due to irritation. Generally
softening is caused due to these poisons, which is mostly
seen in cardiac end of stomach along with great curvature. All
corrosives do not cause softening, corrugate and harden mucus
membrane of stomach but may be seen in carbolic poisoning.
Softening is almost caused by alkalis. The softening may affect
the entire thickness of stomach wall. If softening occurs due
to poisoning, then it is limited to the mucus membrane, but in
some cases it extends to muscular coat and mucus membrane
may be detached in patches over the softened part. Softening
is also found at cardiac end of stomach in diseased conditions.
Postmortem softening may occurs in most dependent part and
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all layers of stomach wall without any inflammation around the
softened patches.

Ulceration

Chemical ulceration is examined without cutting of stomach
because ulceration is found along the greater curvature.
Ulceration may develop in corrosive or irritant chemical

poisoning within 24-72 hours of exposure. Erosion with thin
friable margins may also found in ulceration. The surrounding
mucosa is softened due to inflammation and there is diffuse
hyperemia. Chemical induced ulceration differs than the ulcer
developed in disease condition as disease ulcer develops at the
lesser curvature with well defined margins and localized zone of
hyperemia around it.

Perforation
Table 7: Color changes in the mucus membrane of the stomach due to the various poisoning.
S.No Color of mucus membrane of stomach Type of Poison involved
1 Black colored Oxalic acid, sulphuric acid, hydrochloric acid
2 Bluish green colored Copper sulphate
3 Pink colored Soneryl
4 Yellow colored Warfarin
5 White particles Arsenic
6 Slate gray colored Mercury
7 Cherry red colored co
8 Brown colored Cresols
9 Buff white colored Carbolic acid
10 Green colored Ferrous sulphate

Perforation in stomach may result in two ways; by corrosion
and by ulceration. Perforation occasionally takes place in stomach
due to sulphuric acid or ammonia poisoning. Sulphuric acid may
cause extensive destruction and blackness of stomach. There may
be irregular aperture, sloughing of edges and adjacent tissues
are easily torn in sulphuric acid poisoning. However, in case of
irritant poisons, there is little perforation. Stomach perforation
has also been reported in the piroxicam chronic poisoning [63].
Inflammation of peritoneum is referred to the perforation due
to disease. The perforation associated with disease has an oval
or rounded aperture at the stomach with smooth or thickened
edges. The possible causes for the color of mucus membrane of
stomach have been listed in Table 7.

Stomach Content

Examination of stomach contents can reveal when the victim
had last meal and what meal he had. This is crucially important
to determine time of death. Meals that are partially digested,
completely digested or not digested at all can reveal time frame
of death. The greater curvature should be opened carefully in
jar for the collection of stomach content and gastric line is also
examined. Further, contents are scraped out and any foreign
material, such as powder, capsules, fragment of leaves or fruits,
cantharides and tablets are picked off, which are either added
to the main jar or collected in separate container. The contents
should be carefully preserved and color of the contents should
be noted. In the antimony poisoning, on opening of stomach,
content is found to contain a viscus, dark, bloody, gruellike fluid
while, oxalic acid usually causes a brown gelatinous stomach
contents.

Intestine

Small intestine may show irruption and sometimes may also

show the presence of poisonous content. Ulceration is commonly
seen in large intestine and a moderate degree of congestion is
seen in small intestines in case of mercurial poisoning. Dark
grumous content will be found in intestine due to sulphuric acid
poisoning. Acute arsenical poisoning may causes inflammation
in the upper part of mucous membrane of small intestine with
delayed death or the whole intestine may be inflamed. Upper
part of the small intestine is deeply bile stained and whole length
of small intestine may be congested with the caustic alkalis
poisoning. In oxalic acid poisoning, the mucous membrane of
the upper part of the small intestine becomes soft, brittle and
inflamed. Enteritis is usually present in large intestine and in
addition to it; patches of pigmentation may also be present in
mucous membrane in chronic lead toxicity. Intestines were
found to shrunken in formalin poisoning with the grayish black
coloration of mucosa of large intestine or mucosal folds can also
be distinctly marked [64].

Liver

Liver is the most valuable tissue specimen in most of the
postmortem toxicology cases. Metabolism of drugs and chemicals
is carried out in liver, it breaks them into substance that can be
either lower or higher toxic. Some drugs or chemicals may cause
degenerative changes in the liver and lead to malfunctioning.
The color of the liver may be different from the normal in many
poisoning conditions. Fatty liver may result due to some poisons
and also lead to fulminant hepatic necrosis. The liver will be
slightly enlarged and becomes pale in the phenol, chloral hydrate,
chloroform and mercurial poisoning [65]. Sometimes liver may
become fatty and friable in such cases. Fatty degeneration of
parenchyma with enlargement of the liver has been observed in
cocaine poisoning. The liver may be soft and doughy enlarged
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and may shows a soft, bright yellow or saffronic appearance
from severe fatty degenerative changes in case of phosphorus
poisoning.

Chronic arsenic exposure may cause enlarged liver, advanced
fatty changes. However, in acute exposure of arsenic may shows
cloudy swelling, paleness with characteristic of fatty changes in
the liver [66].

Kidneys

Lesions on kidneys may be found due to chronic poisoning
of chromium. Degenerative changes of the kidney may observe
along with reddishness, swelling, softness and sometimes greasy
in touch with haemorrhage in calyces in cases of poisoning with
mercury, arsenic, phosphorus, cantharides, oxalic acid and viper
snake venom etc. [67-69]. The internal postmortem examination
shows fatty degeneration of kidneys in the chloroform poisoning.
Congestion has also been observed in kidneys in some cases
of cocaine, phenol and oxalic acid poisoning. Besides, in some
case of oxalic acid poisoning, presence of the white powder of
oxalate crystals in tubules and calyces has also been observed
which give a gritty appearance on section. Owing to death from
chronic poisoning of arsenic, kidneys are enlarged. In case of
lead poisoning, kidneys are usually smaller than normal size and
resemble the arteriosclerosis condition. The surface becomes
fine, yellow granular with reddish depressions. The kidneys may
show port-wine-colorasin case of presence of hrematoporphyrin
in sulphonal poisoning.

Heart

Presence of subendocardial haemorrhagic spots in left
ventricle indicates that possible reason of death is arsenic,
phosphorus and mercuric chloride poisoning etc. Ecchymoses
are frequently observed in wall of left ventricle of heart
with coagulated blood in acute arsenic poisoning. In chronic
poisoning of arsenic, death is occurred due to heart failure and
fatty diffuse degeneration of myocardium with pale flabby and
friable appearances is also observed in the heart. Flabby and
fatty heart with paleness muscles may also result in phosphorus
poisoning. Opium poisoning may be characterized with swelling
in right side of heart with dark blood. In case when death is
caused due to carbon mono oxide poisoning, the right side of the
heart is engorged with blood while the left side of the heart is
empty [70,71]. In potassium cyanide poisoning, right side of the
heart appears swollen with imperfectly clotted blood and minute
hremorrhagic points in pericardium. The right heart is dilated
to a great extent than the left and veins are usually full of dark
blood in veronal poisoning cases. Fatty degeneration may be
seen in heart during postmortem due to chloroform poisoning.

Brain and Spinal Cord

Brain and spinal cord may be congested or oedematous,
particularly in case of cerebral and spinal poisons. Petechiae
with edema in white matter are often seen in cases of asphyxiant
poisons [72]. The brain and meninges usually show congestion

with phenol poisoning. Vessels are distended with dark blood
on the surface of brain with numerous small bleeding points
and congestion of dura mater with the antimony poisoning.
Veronal and phosphorus may cause congestion of meninges and
its brains. Hyperemia of brain has been described in cocaine
poisoning [73]. Morphine may also results in distention of
brain vessels and meninges with blood. Sometimes edema may
be present and occasionally there is little increase of fluid in
ventricles. Congestion may found in the brain and in the upper
part of the spinal cord due to poisoning of strychinine [74].

Spleen
Congested spleen is found with the morphine and it may be
somewhat atrophied and fibrotic in lead poisoning.

Urinary Bladder

Examine mucosa of the urinary bladder for different lesions
and quantity or characters of urine should be noted after opening
of the bladder. For example, greenish smoky urine in bladder
indicates toxicity due to phenol. Haemorthage may occur in the
urinary bladder in case of abrus pecataorious, snake bite and
cantharides poisoning.

Vagina and Uterus

Examination of vagina or uterus is carried out for staining,
congestion, haemorthages and ulceration which are necessary
in cases of attempted abortion by the use of local abortifacient
agents.

Conclusion

Various approaches have been explored to summarize
the information in context to diagnosis of poisoning in the
discipline of post-mortem toxicology and thorough guidance
has been provided to establish the cause of toxicity. Diagnosis
of poisoning is extremely important in unconscious people for
the management of poisoning. Diagnosis other than poisoning
must also be considered because some clinical features may
result due to diseases or by secondary effects such as anoxia.
Poisoning with the various compounds may be misdiagnosed
due to resemblance of clinical feature with disease conditions
like high dose of paracetamol, thallium and paraquat has been
associated with the hepatitis, paraesthesia and pneumonitis
diseases respectively. Diagnosis of poisoning is extremely
difficult in death cases, where drugs are used to cure disease,
however, results in casualty due to either over dose or side
effects. This review was needed to enhance the evidence based
knowledge, for the diagnosis of poisoning in the discipline of
forensic toxicology.
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