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MR Imaging of Heat Stroke: External
Capsule and Thalamic T1 Shortening and

Cerebellar Injury

Carol T. McLaughlin, Arthur G. Kane, and Andrew E. Auber

Summary: We present a case of increased signal intensity
of the cerebrum (symmetric involvement of the paraven-
tricular thalamus and external capsule) and cerebellum on
both T1- and T2-weighted images in a patient with docu-
mented heat stroke. An ischemic and hemorrhagic mecha-
nism is proposed, and the contributions of the direct effects
of hyperthermia are discussed.

Heat stroke, whether classic or exertional, is a med-
ical emergency defined by a body temperature greater
than 40°C (104°F) that causes altered mental status
and deterioration of multiple organ systems (1, 2).
The central nervous system is very sensitive to hyper-
thermia, causing neurologic complications due to in-
volvement of the cerebellum, basal ganglia, anterior
horn cells, and peripheral nerves (2, 3). CT and MR
imaging studies have shown loss of gray matter–white
matter discrimination, white matter involvement, and
cerebellar atrophy (2, 3).

Case Report

A 17-year-old male patient was brought to the medical
center with symptoms of confusion and combativeness after
doing heavy outdoor exercise in July. His body temperature
was recorded to be 106.8°F. The day prior, the patient had
experienced malaise, nausea, vomiting, and mild diarrhea. The
patient was initially intubated and treated with external ice
packs and gastric ice lavage, reducing his temperature to 105°F
after 2.5 hours and 98.8°F after 5 hours. Within the first week
after admission, the patient experienced disseminated intravas-
cular coagulation, continued intestinal dysfunction, rhabdomy-
olysis, elevated liver function, acute renal insufficiency, and
urosepsis. These complications resolved, but 1 week after ad-
mission the patient was noted to have persistent mental status
changes and memory deficits. The patient also had difficulty
with fine motor coordination, ataxia with shuffling gait, and

problems with balance and coordination, including dysmetria
on finger-to-nose testing, which became more apparent as
strength improved.

MR imaging of the brain was therefore performed. Proton
density– and T2-weighted images revealed hyperintensity of
the external capsules and adjacent lateral putamen, the para-
ventricular nucleus of the thalamus, and scattered areas
throughout the cerebellar hemispheres (Fig 1). Pre- and post-
contrast T1-weighted images demonstrated T1 shortening and
accompanying enhancement only in the supratentorial lesions
(Fig 2). T1 shortening in the paraventricular nucleus of the
thalamus bordering the third ventricle also extended into the
third ventricle, suggesting an underlying hemorrhagic cause,
resulting from extracellular methemaglobin (Fig 2). Areas of
T2-weighted changes in the cerebellum had corresponding
darkness on T1-weighted images but were also noted to en-
hance after contrast medium administration (Fig 3). These
findings suggest an ischemic and hemorrhagic small vessel
process, both supra- and infratentorial.

Discussion

Heat stroke can cause many different reactions
within the body that lead to neurologic dysfunction,
including decreased cerebral perfusion and aberra-
tions in coagulation. Initially during hyperthermia,
peripheral vasodilatation predominates to facilitate
heat loss through the skin. To avoid a functional
hypovolemia, a compensatory vasoconstriction of the
splanchnic and renal vasculature occurs, likely caus-
ing the symptoms of nausea, vomiting, and diarrhea.
If heat stress continues, however, the compensatory
vasoconstriction will eventually fail, further increasing
the body temperature. Concurrently, cerebrovascular
congestion and cerebral edema occur with the hyper-
thermia, causing an increase in intracranial pressure.
Combined with a failure of splanchnic vasoconstric-
tion and decreased mean arterial pressure, cerebral
blood flow falls (4, 5). This results in cerebral isch-
emia. An aberration in coagulation is caused by a
decrease in protein C, protein S, and antithrombin
III, as well as alterations in vascular endothelium,
creating a pattern resembling sepsis and disseminated
intravascular coagulation (4). This can cause hemor-
rhage within the brain, also resulting in neurologic
dysfunction (5). All of these physiologic processes
occur concurrently, causing the common outcome of
neuronal dysfunction.

It is of interest that, in the cerebellum, thermal
injury itself may cause destruction of the Purkinje
cells. Increased production of heat shock proteins
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within the rabbit cerebellum during hyperthermia in-
dicates that Purkinje cells may have an increased
demand for thermal injury repair. Therefore, in ad-
dition to being susceptible to hypoxic-ischemic injury,
there is evidence that Purkinje cells are also suscep-
tible to direct thermal injury (6).

Although the pathophysiologic mechanism of neu-
ronal damage is fairly well understood and known to
occur in heat stroke, documentation of these changes
on MR images is infrequent. Most reports of MR
imaging findings have revealed delayed cerebellar at-
rophy in these patients. Biary et al (7) described a
patient who developed such cerebellar atrophy, while
also noting patchy areas of white matter hyperinten-
sity in both cerebral hemispheres and in the left stri-
atum. Other reported cerebral MR imaging findings
include abnormal signal intensity in the pons in a case
of central pontine myelinolysis in a patient with heat
stroke (8). High signal intensity on T2-weighted im-
ages of the periventricular frontal lobe white matter
were noted in a 9-month-old patient with congenital
sensory neuropathy and anhidrosis after an episode
resembling heat stroke. Fourteen months later, MR
imaging revealed atrophic changes that were consis-
tent with delayed myelination (9). Mild, diffuse atro-
phy was also seen at MR imaging performed in a
12-year-old patient 11.5 months after developing Klu-
ver-Bucy syndrome after the development of heat
stroke (10). In another case, a 10-month-old patient
demonstrated vascular boundary zone infarcts at MR

FIG 2. Three axial precontrast contiguous T1-weighted images (A) and corresponding postcontrast images (B) demonstrate both T1
shortening and accompanying enhancement in the same area (arrows).

FIG 1. Proton density– (A) and T2-weighted (B) axial MR im-
ages of the brain at the level of the third ventricle show hyper-
intensity (arrows) in the external capsules and medial thalami
and altered signal intensity in the adjacent third ventricle.

AJNR: 24, August 2003 HEAT STROKE 1373



imaging 40 days after the development of heat stroke
(11).

The MR imaging findings in the present case dem-
onstrate a unique symmetric enhancement, T1 short-
ening, and T2 prolongation in the external capsules
bordering the lateral putamen as well as the thalamus
immediately bordering the third ventricle. These ce-
rebral lesions could represent a deep brain manifes-
tation of failure of autoregulation similar to the le-
sions seen in the 10-month-old patient reported by
Akaboshi and Miyashita (11). A pattern of T2 pro-
longation specifically seen in the external capsules has
been reported to be characteristic of, although not
specific for, cerebral autosomal dominant arteriopa-
thy with subcortical infarcts and leukoencephalopathy
(CADASIL) as well as more sporadically in patients
with hypertension. This pattern is consistent with a
small vessel process caused by ischemia, demyelina-
tion, and axonal degeneration resulting in abnormal
T2-weighted signal intensity (12). Specifically in
CADASIL patients, these white matter areas of high
signal intensity can progress to subcortical lacunar
lesions at the gray matter–white matter junction. Sub-
cortical lacunar lesions have the signal intensity of
CSF because of leakage of CSF into the widened
perivascular space of the small vessels this disease
affects (13). To our knowledge, however, the present
case reveals T1 shortening as well as T2 prolongation,
a unique and distinct supratentorial manifestation
likely reflecting the ischemic and hemorrhagic intra-
cranial effect of heat stroke.

Although heat can affect all organ systems ad-
versely, it is known that the cerebellum is especially
susceptible (1). The Purkinje cells within the cerebel-
lum are, in particular, vulnerable to thermal injury.
As noted above, it has been suggested the hyperther-
mia itself, as opposed to the resultant hypoxic or
ischemic insults, causes the destruction of Purkinje
cells (1, 6). This neuronal destruction then causes

generalized cerebellar atrophy, which has been widely
reported as evidenced by MR imaging (1, 3, 7); how-
ever, to our knowledge no reports of bilateral signal
intensity alterations and enhancement of the cerebel-
lum exist in the literature. This suggests that, in ad-
dition to the likely ischemic and hemorrhagic small
vessel process seen supratentorially, we are also see-
ing it infratentorially. Hyperintensity on both T1- and
T2-weighted images of the cerebrospinal spaces of
the third ventricle also suggests an ischemic and hem-
orrhagic mechanism, implying spread of intracellular
methemoglobin into the third ventricle from adjacent
hemorrhagic infarction (Figs 1 and 2).

The present case demonstrates a unique new find-
ing of symmetric hyperintensity in the external cap-
sules and thalami, an unusual pattern not previously
described in the setting of heat stroke. The presence
of specific subacute enhancing T2-weighted signal
intensity abnormalities in the cerebellum has also not
been previously described and is likely the precursor
of the reported long-term sequelae of cerebellar at-
rophy. The enhancement reflects a breakdown of the
blood-brain barrier. As stated above, the physiology
of heat stroke includes increased intracranial pressure
combined with autonomic dysfunction that lead to
cerebral hypoperfusion and ischemia and a tendency
toward intracranial hemorrhage because of abnormal
coagulation. We propose that these known physio-
logic effects of heat stroke are the underlying causes
for the supratentorial findings. The cerebellar find-
ings may be a combination of these factors coupled
with or solely due to the directly destructive effects of
hyperthermia on the Purkinje cells.

Clinically, the patient’s memory deficits and mental
status change are likely due to the damaging effects to
the external capsule, which is known to be a source of
input to the amygdala and has been associated with
emotional memory (14).

The differential diagnosis for bilateral high signal
intensity in the external capsule and lateral putamen
on T2-weighted images includes not only CADASIL
and hypertension, but also methanol toxicity and,
rarely, Wilson disease (15, 16). The symmetric T1
shortening in this location, however, is unique to this
case and again likely reflects a very specific hemor-
rhagic consequence of an underlying ischemic process
uniquely affecting these areas as well as those in the
thalamus immediately adjacent to the third ventricle.
Such T1 shortening has been described in neurofibro-
matosis and liver failure but typically involves more
medial structures such as the globus pallidus and
thalamus (17, 18). Although the T1 shortening could
alternatively relate to the patient’s transient liver dys-
function, the pattern of spread into the third ventricle
and exclusively extreme lateral and medial deep gray
matter involvement are not typical of this or any of
these previously described metabolic (nonhemor-
rhagic) scenarios of T1 shortening.

The symmetric medial thalamic lesions correspond
to the paraventricular nucleus. This is known to be
intimately associated with the systems that regulate
core temperature, metabolism, and energy balance

FIG 3. Axial postcontrast T1-weighted image shows scattered
cerebellar hyperintensity and patchy enhancement in the cere-
bellar hemispheres bilaterally (arrows).
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via the hypothalamic-pituitary-adrenal axis (19). It is
therefore likely that abnormal signal intensity in this
structure relates to the excess demands placed upon it
in the setting of this patient’s acute hyperthermia. Such
increased local metabolic demands could therefore have
outstripped the capabilities of the blood supply to this
region, compounded by impaired cerebral perfusion,
resulting in ischemic, hemorrhagic effect.

Conclusion
This case demonstrates ischemic and hemorrhagic

side effects of heat stroke in both the cerebral hemi-
spheres and the cerebellum. To our knowledge, this is
the first case to report involvement of the external
capsules and thalamus, which exhibited symmetric T1
shortening, T2 prolongation, postcontrast enhance-
ment, and an enhancing phase in the more common
sites of cerebellar injury.
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