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REFERENCE: Siegler RW. Fatal heatstroke in a young woman One year previously she sustained a closed head injury in a
with previously undiagnosed Hashimoto’s thyroiditis. J Forensic motor vehicle accident. In the weeks following the accident sheSci 1998;43(6):1237–1240.

suffered sporadic seizures that eventually abated; she no longer
required anticonvulsant therapy. After three months of rehabilita-ABSTRACT: Heatstroke represents the most severe form of the
tion she returned to an active lifestyle that included morning visitsheat-related illnesses. Potentially fatal, heatstroke most often affects

the elderly, obese, or chronically ill. Thyroid disease, which may to a health club.
interfere with the normal regulation of body temperature, has not On the morning of the day of her admission she lifted weights
previously been reported in cases of heatstroke. A fatal case is and attended a water aerobics class. As part of her routine shereported in a young woman discovered unconscious in a sauna who

changed her clothing in the sauna; family members revealed shewas found to have preexisting Hashimoto’s thyroiditis on subse-
quent autopsy. The diagnosis of hypothyroidism in heatstroke rests frequently ‘‘felt cold’’ and therefore sought the warmth of the
on clinical information and morphologic observations. This case sauna. She was found in the sauna approximately three hours after
underscores the importance of evaluating the thyroid in unusual entering, unconscious, and fully dressed. Subsequent examinationcases of heatstroke.

of the sauna revealed it to be in normal working condition. Cooled
in the emergency room, her temperature fell to 37.68C. RhythmicKEYWORDS: forensic sciences, heatstroke, heat-related illness,
stiffening of her upper extremities was interpreted as seizure activ-sauna, Hashimoto’s thyroiditis, autopsy
ity, and she was treated with phenytoin. Over the course of the
next three days, she progressively developed liver failure and dis-

Death due to overexposure to heat is not an uncommon cause seminated intravascular coagulation; she died on hospital day #4.
of death. More than 700 deaths in Chicago during a heat wave in She never regained consciousness.
July 1995 were attributed to the high temperature (1). Risk factors The patient had no known history of thyroid disease. Family
for the development of heat-related deaths include: advancing age, history was remarkable for the mother having Hashimoto’s
obesity, social isolation, debilitation, chronic illness, medications thyroiditis and glucose intolerance.
interfering with thirst recognition or sweat production, and alcohol
abuse (2). Autopsy Findings

Hypothyroidism has not previously been reported in cases of
A postmortem examination was performed four hours afterheatstroke. The signs and symptoms of hypothyroidism usually

death. The patient was a well-developed, well-nourished woman.occur insidiously; it may take years before being clinically recog-
Findings related to heatstroke were found in most organs. In thenized. Nascent hypothyroidism may be manifested by cold intoler-
heart, occasional myocardial fibers contained contraction bandsance and lethargy; these may lead patients to seek extraordinary
and showed early coagulative necrosis. There was no atherosclero-measures to maintain comfort. Furthermore, the physiologic adap-
sis. Small areas of hemorrhage were present in the subendocar-tations to hypothyroidism may hinder appropriate response during
dium. The lungs were diffusely hemorrhagic, each weighing 370heat stress.
g. Both pleural cavities contained serosanguinous effusions, aver-A fatal case of heatstroke is reported in a young woman with
aging 1750 mL each. The weight of the liver was 1230 g; thepreviously undiagnosed Hashimoto’s thyroiditis. This case illus-
capsule was dull and wrinkled. Massive centrilobular necrosis, atrates the importance of evaluating the thyroid in cases of heat-

stroke. moderate degree of fatty change, and congestion were present on
histologic examination (Fig. 1). The kidneys contained early tubu-

Case Report lar necrosis. The spleen weighed 260 g and was congested.
A 31-year-old Caucasian woman presented to a northern New The brain weighed 1200 g. A small calcification identified on

England emergency room in midwinter unconscious with a tym- the superior lip of the sagittal suture was attributed to the previous
panic temperature of 40.78C. motor vehicle accident. Ischemic neuronal changes due to the ther-

mal insult were found primarily in the hippocampus, frontal gyrus,1 The Department of Pathology, Dartmouth-Hitchcock Medical Center, and cerebellar vermis. An area of glial scarring was present in theLebanon, NH.
anterior and lateral aspect of the hippocampus, corresponding toReceived 24 Nov. 1997; and in revised form 26 March 1998; accepted

27 March 1998. her previous seizures.
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FIG. 1—Massive centrilobular necrosis of liver.

The thyroid, 120 g, was asymmetrical and moderately nodular. the most common of the heat disorders. It represents a failure of
There were no masses. Microscopic examination revealed exten- cardiovascular response to high temperature and is due to dehydra-
sive lymphoplasmacytic infiltration with germinal centers, destruc- tion. It usually develops before prolonged exposure to heat; body
tion of thyroid follicles, moderate to severe fibrosis, and Hürthle temperature may be subnormal, normal, or slightly elevated. While
cell change (Fig. 2). a clear distinction from heatstroke may be nebulous, heat exhaus-

tion is characterized by intact mental function.
Heatstroke is classified into exertional and classic forms. Exer-Discussion

tional heatstroke occurs sporadically and in previously healthy
Heat-related deaths are not uncommon. During a July 1911 individuals who are subjected to severe environmental thermal

severe heat wave in New England, more than 1100 people died in stress, typically while performing strenuous labor such as exercis-
Massachusetts with heat being listed as the cause of death; total ing. Classic heatstroke, on the other hand, occurs in older individu-
mortality for the month exceeded the normal by 1400 (3). People als in epidemic form with lesser degrees of exposure (6).
at risk of heatstroke include the elderly, obese, alcoholics, and While heatstroke occurs most frequently during periods of hot
those with atherosclerosis or who take drugs that interfere with climatic conditions, cases have occurred in saunas, coal mines,
thirst recognition or sweat production, such as haloperidol, seda-

operating rooms, next to heaters, and in infants excessively
tives, antiparkinsonian agents, and phenothiazides.

swathed in blankets (7–11). The ambient temperature of saunas,Heatstroke is the most serious of the heat disorders and is charac-
including the case reported herein, may often exceed 1008C andterized by elevated temperature, usually above 41.18C, hot, dry
makes for an intense heat load, particularly in a cool environmentskin, and central nervous system signs (4). Central nervous system
such as the northern U.S. in the winter. Clothing, such as thosesigns range from lethargy to coma, and generally, higher tempera-
found on the patient at discovery, also adds to the risk of heatstroketures at presentation correspond to more profound central nervous
in reducing the flow of convection air currents.system manifestations. The greatest risk to life occurs in patients

The basic pathophysiologic mechanism of heatstroke is the fail-who present with coma (5).
ure of the body to maintain normal body temperature. As the bodyMilder forms of heat disorders include heat cramps and heat
temperature rises to temperatures above 418C, there is generalizedexhaustion. Heat cramps are painful, sustained muscle contractions
vasodilatation, increased cardiac output, and redistribution of bloodof heavily exercised muscles and occur primarily in the physically

fit. Heat exhaustion, also known as heat prostration, is probably away from the splanchnic organs to the skin in order to maximize



SIEGLER • FATAL HEATSTROKE 1239

heat loss. This effectively reduces the blood volume. As the meta- Similarly, blood taken from patients shortly before death may also
show low thyroid hormone levels. Bonell (19), in a study of 40bolic rate and oxygen demand increase, cardiac output increases.

Eventually, the heart begins to fail, and patients suffer from high autopsy patients not dying of sudden cardiac death, showed evi-
dence of hypothroxinemia in all patients within three days prioroutput failure and distributive shock.

Virtually no organ system is spared in heatstroke. The cellular to death. Therefore, low thyroid hormone levels, either pre- or
postmortem, in deceased patients must be interpreted with caution;changes are not only due to the heat load but also due to anoxia

from shock. The effects on the brain are the most conspicuous and they need not be indicative of hypothyroidism.
Postmortem thyroid stimulating hormone levels, on the otherconsist of progressive degeneration of the neurons with replace-

ment by glia (12). The effects of heatstroke on the liver also have hand, tend to be fairly stable in the euthyroid patient for 24 hours.
Theoretically, the value of TSH should predict hypothyroidism;been studied considerably; changes in the liver progress from initial

cloudy hepatocyte swelling to centrilobular necrosis at 16 hours however, its stability in the malfunctioning thyroid remains to be
seen (18). Furthermore, O’Malley et al. (20) demonstrated thatafter initial hyperthermic insult (13).

While the majority of the cellular alterations in heatstroke are increases in body temperature of hypothyroid patients are accom-
panied by a decreased TSH level, obviating its use here. Thyroiddue to a combination of anoxia and heat load, the features inciden-

tally found in the thyroid in this case connote previous disease. hormone studies were not performed in this case. Nevertheless,
given her clinical symptoms of cold intolerance, family history,The classic patient with Hashimoto’s thyroiditis is a middle-aged

woman with goitrous enlargement of the thyroid gland associated and thyroid findings, one can speculate that hypothyroidism led
to her ultimate demise.with hypothyroidism. Clinically, approximately one-half of

patients with Hashimoto’s thyroiditis are either hypothyroid at pre- The body’s response to hypothyroidism is diametric to that in
hyperthermia. In patients with hypothyroidism, thermogenesis issentation or become so on follow-up (14,15). The diagnosis is

generally made using clinical features and laboratory data; histo- decreased, owing to a diminished basal metabolic rate. Essential
to the hypothyroid patient is conservation of heat; and in defense,logic confirmation is not necessary. In fact, histologic features in

thyroiditis do not necessarily correlate with thyroid function (16). there is intense skin and subcutaneous vasoconstriction (21). This
leads to some of the recognized clinical manifestations of hypothy-The postmortem diagnosis of hypothyroidism is fraught with

difficulty, as studies for thyroid hormones during this period are roidism, such as cold, dry skin and cold intolerance. As a result
of the intense vasoconstriction, one of the primary mechanisms ofunreliable (17). Thyroxine values tend to fall erratically to the

range of hypothyroid individuals in the postmortem period (18). heat loss, sweating, is hampered. In conditions of high temperature,

FIG. 2—Extensive lymphoplasmacytic infiltrate of thyroid with fibrosis, follicular destruction, and Hürthle cell change.
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