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ABSTRACT: An 84-year-old woman is reported whose death was associated with strenuous exercise on an extremely hot day (maximum tem-
perature = 43.1�C, 109.6�F). At autopsy there was evidence of exposure to high environmental temperatures with early putrefactive changes and
mummification. There was underlying cardiomegaly with mild pulmonary emphysema. No significant injuries were detected. Toxicology revealed
therapeutic levels of oxybutynin prescribed for urinary stress incontinence. Death was considered to be heat related, exacerbated by oxybutynin ther-
apy, exercise, and cardiomegaly. Given that it has been predicted that there may be an increase in the number of heatwaves and in their intensity
and duration, it is possible that such cases may be encountered more often in future. The assessment of all deaths occurring during conditions of
extreme heat will require consideration of postmortem toxicology, particularly if there are underlying conditions such as stress incontinence that may
be associated with anticholinergic drug therapy.
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Heat related deaths are sometimes difficult to investigate as envi-
ronmental and body core temperatures are often not taken during
scene investigations, and high ambient temperatures accelerate
putrefactive changes thus complicating diagnoses (1). Risk factors
include prolonged heat exposure, old age, underlying medical con-
ditions, and certain medications (2). A case of collapse in an
elderly woman associated with medication prescribed for urinary
incontinence is described to demonstrate the problem of anticholin-
ergic drug administration during times of high temperature.

Case Report

An 84-year-old woman was found collapsed in the driveway of
her home underneath her bicycle, surrounded by shopping items. It
appeared that she had cycled to nearby shops during a heatwave
when the maximum daily temperature had been 43.1�C (109.6�F).
Her past history included arthritis for which she was prescribed
analgesics and stress incontinence for which she was prescribed
oxybutynin.

At autopsy there was evidence of exposure to high environmen-
tal temperatures with early putrefactive changes and mummifica-
tion. No significant injuries were detected and there was underlying
cardiomegaly (heart weight 487 g; body weight 58 kg) with mild
pulmonary emphysema. There were no other significant pathologi-
cal abnormalities. A previous total hip replacement for arthritis was
noted. Toxicological evaluation of blood revealed therapeutic levels
of oxybutynin, morphine, and codeine. No other anticholinergic
drugs were identified. No body or adjacent environmental tempera-
tures had been taken. Death was considered accidental and heat-

related, exacerbated by oxybutynin therapy, exercise, and
cardiomegaly.

Discussion

Some communities, including South Australia, have recently
been experiencing higher than normal temperatures (3). One conse-
quence of warmer than usual ambient temperatures is the possibil-
ity of an increase in the number of heatwaves and in their intensity
and duration (4). This will have the unfortunate consequence of
increasing the number of heat-related deaths (5) that present for
medico-legal investigation. Such deaths would be expected to be
more common in individuals in high-risk groups or in those
exposed to certain situations where environmental temperatures are
excessive.

In a previous study from South Australia, those whose deaths
were thought to be related to high environmental temperatures
included tourists who were not acclimated to the harsh Australian
climate, and individuals who were obese, wore excessive clothing
or had underlying conditions such as dementia or alcoholic liver
disease. Intoxication with alcohol and the ingestion of certain medi-
cations such as benztropine and trifluoperazine were also significant
contributory factors (2). Lethal hyperthermia may also occur in
localized environments such as in saunas or sweat lodges being
used for ‘‘new age’’ ceremonies (6). The literature identifies the
elderly and urban poor as vulnerable groups, in addition to those
with alcoholism or significant cardiovascular, cerebrovascular, and
respiratory disease (2,4).

Prescription medications that may predispose to hyperthermia
include drugs with anticholinergic effects such as tricyclic anti-
depressants and antihistamines, in addition to certain antiparkin-
sonian drugs and neuroleptic drugs such as some of the major
tranquilizers (7). Hyperthermia occurs due to interference with nor-
mal thermoregulation from reduced sweating. Illicit drugs such as
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to cocaine, ‘‘ecstasy’’ (3,4-methylenedioxymethamphetamine or
MDMA) and other ring-derivative amphetamines may also cause
lethal hyperthermia. The mechanism of hyperthermia in these cases
is believed to involve alteration of central nervous system neuro-
transmitter levels, such as dopamine and serotonin, in addition to
noradrenergic effects (8).

Urinary stress incontinence refers to involuntary loss of urine
associated with an increase in intra-abdominal pressure from cough-
ing, laughing, or sneezing. It is a common problem affecting more
than a third of women aged over 40 years (9). One of the standard
treatments for stress incontinence involves the use of anticholiner-
gic medications such as oxybutynin (10) that function by increasing
bladder outlet resistance. A side effect is to reduce sweating, a
major method of decreasing body temperature during hot weather.

In the reported case an elderly woman with underlying cardio-
megaly had undertaken strenuous exercise in extremely hot
weather. An additional contributory factor was the presence of a
therapeutic level of oxybutynin in the blood. Oxybutynin has anti-
cholinergic effects and is contraindicated in individuals exposed to
high environmental temperatures, particularly if there is excessive
exercise. This is clearly pointed out in the manufacturer’s literature.

The significant issues that are raised by this case include the use
of an anticholinergic drug in conditions of extreme heat, exacer-
bated by exercise. When heatwaves occur pathologists should be
cognizant of the possibility of prescribed medications initiating fatal
hyperthermia, and should also be aware of the range of common
conditions that may involve the use of anticholinergic medications.
Thus, despite stress incontinence being an apparently innocuous
and incidental condition, it most likely played a pivotal role in
death. Given the incomplete nature of medical information pro-
vided at the time of autopsy, routine toxicology is advisable in all
cases where there has been exposure to high temperatures so that
the potential side effects of prescribed medications will not be
overlooked.
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