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Drowning accounts for approximately 7,000 deaths annually in the United States, mostly children and young adults, and is one of the three leading causes of accidental deaths.  Physiologically, drowning can be categorized into four types:

1.
'Wet' Drowning ‑ Initial laryngospasm, but early relaxation and subsequent aspiration of fluid.  The majority of drownings are of this sort.

2.
Secondary Drowning ‑ Occurs fifteen minutes to several days after extraction from the water and is due to a form of Adult Respiratory Distress Syndrome.

3.
'Dry' Drowning ‑ Asphyxiation, secondary to intense glottic spasm, which persists beyond the point of apnea.  This accounts for 10‑20% of cases of drowning.

4.
Immersion Syndrome ‑ Cardiac arrest, secondary to intense parasympathetic discharge.

Aspiration of salt water, which is hypertonic compared with blood and chemically irritating to the alveolar capillary membranes, causes a rapid shift of plasma, proteins and water from the circulation into the alveolar lumen.  Continued perfusion of these non‑ventilated edema‑filled alveoli is an intrapulmonary right to left shunt and arterial hypoxia develops.  Surface tension remains normal.  Salt water gulping may cause nausea, vomiting and aspiration pneumonia in survivors.  Hypovolemia and hypotension can occur.  Serum electrolytes rapidly return to normal in survivors.  Most patients who aspirate sufficient quantities of water to produce marked electrolyte abnormalities do not survive.

When fresh water, which is hypotonic to blood, is aspirated, fluid is rapidly absorbed from the lung into the circulation.  Pulmonary surfactant is damaged and subject to alveolar collapse.  Ventilation perfusion ratios change and hypoxia results.  Metabolic acidosis, which is present in approximately 70% of near drowning victims, is a consequence of hypoxia and may be severe.  Some hemolysis of red blood cells may occur, particularly with fresh water aspiration, leading to lysis of red cells and hyperkalemia.

Disseminated intravascular coagulation has been reported as a complication of fresh water near‑drowning.  Other possible sequelae of near drowning include the development of renal failure, secondary to acute tubular necrosis, probably due to the combined effects of hypoxia and hypotension.  There may also be profound neurologic deficits, secondary to cerebral anoxia.  Although the extent of the central nervous system injury tends to correlate with the duration of hypoxia, hypothermia accompanying the incident may be a moderating factor, by reducing cerebral oxygen requirements.  Complete neurological recovery has been reported in victims submerged as long as 40 minutes in water temperatures of less than 20C.


In the immersion syndrome, sudden exposure to icy water can cause a reflex cardiac arrhythmia and rapid death.  Alcohol may contribute to this entity.

Hyperventilation, used by swimmers to increase their underwater swimming distance, can also be fatal, since hypoxemia can cause loss of consciousness before the buildup of carbon dioxide stimulates them to breathe.  Once loss of consciousness occurs, under water drowning can rapidly occur.  Drowning can occur as a result of submersion, or partial submersion, in any fluid.  Instances usually involve children in shallow water.  Adults with collapse related to a natural disease, such as a cardiac condition or epilepsy, or those under the influence of drugs or alcohol, can drown in such a manner.

At autopsy, signs of submersion and drowning are sought.  Evidence of submersion includes wetting of the clothing, soiling of the body with sand or mud, and the normal postmortem lividity may be bright pink in colour.  After longer periods in water, the hands and feet become bleached, sodden and wrinkled and the outer layer of the skin detached.  Signs of marine life activity are evident.

Postmortem injuries must be distinguished from antemortem injuries.  While there may be injuries relating to marine life activity, such as crustaceans, there may be other postmortem injuries related to boat propellers, rocks, etc.  All injuries on the body should be carefully examined, bearing in mind that during the period of immersion, blood related to bruising about a surface injury may be leached away from the wound borders.

The external features of drowning are then sought to indicate that the person was alive when they entered the water.  Foam in the mouth and nostrils is seen in most drowning victims.  This is particularly characteristic of salt water drowning, although it occurs, to a lesser extent, in fresh water.  Foam is the result of mixing of proteinaceous fluid within the air passages whipped into a froth by violent efforts at breathing.  Another rare finding is so‑called cadaveric spasm, or instantaneous rigor mortis.  Seaweed or sand may be found clenched tightly in the hands of the victim.  If underwater material is found present, then the victim must have died underwater.

The internal signs of drowning vary somewhat in fresh or salt water.  In fresh water drowning, the lungs are hyper‑inflated with air and crepitant, often enveloping the heart.  They are pale, firm and spongy in consistency.  When the chest is open and the lungs are removed, they retain their shape.  In salt water drowning, the lungs are also bulky, but very definitely edematous.  They are dark purple‑red in colour and large volumes of fluid are expressed on sectioning.

The majority of deaths due to submersion are either by suicide or by accident.  In accidental drownings, it is of particular importance to exclude the presence of any natural disease that would have caused collapse or incapacitation.  Toxicological examination should be performed in most cases.  Homicidal drowning usually involves infants or children, when considerable variation in size between victim and assailant is necessary.

When a body is recovered from the water, a number of possibilities should be considered by the investigating law enforcement officers, coroners and pathologists.  Did death occur before entry into the water?  Were the injuries sustained before death, and what injuries were sustained after death?  Did the injuries of themselves result in death?  Was the death a natural disease process, or under the influence of drugs or alcohol?  Did the circumstances indicate suicide, accident or homicide?
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