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SUCCESSFUL MANAGEMENT OF HEAT STROKE
COMPLICATED BY STATUS EPILEPTICUS AND WITH VENO-
VENOUS EXTRACORPOREAL MEMBRANE OXYGENATION: A
CASE REPORT
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Abstract

Heat stroke represents a life-threatening medical emergency characterized by
hyperthermia and central nervous system dysfunction. We present the case of a 64-year-old
male with exertional heat stroke complicated by status epilepticus, and acute kidney injury
who was successfully treated with veno-venous extracorporeal membrane oxygenation
(VV-ECMO) for rapid cooling. The patient was admitted with a core body temperature
of 40.9°C and altered mental status following occupational heat exposure. Despite initial
conventional cooling measures, persistent hyperthermia and seizure necessitated VV-ECMO
implementation, which achieved target temperature control within half hour. Following
intensive treatment, the patient recovered completely with normal neurological function
and was discharged on day eight. This case demonstrates the effectiveness of VV-ECMO
as a rapid cooling modality in severe heat stroke and highlights the importance of early
recognition and aggressive management of this potentially fatal condition.
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Introduction

Heat stroke represents a severe form of
heat-related illness characterized by core body
temperature exceeding 40°C accompanied
by central nervous system dysfunction.' The
condition can be classified as either classic
(non-exertional) heat stroke, which develops in
vulnerable populations during environmental heat,
or exertional heat stroke, which occurs following
strenuous physical activity.” Exertional heat

stroke typically affects younger, otherwise healthy
individuals engaged in occupational or athletic
activities and can progress rapidly to multi-organ
failure if not promptly recognized and treated.”
The pathophysiology of heat stroke involves
direct thermal injury to tissues, circulatory
failure, and a systemic inflammatory response.’
Neurological complications include altered
mental status, seizures, cerebellar dysfunction,
and coma.® While seizures occur in a subset
of heat stroke patients, progression to status
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epilepticus is relatively uncommon and portends
a more severe clinical course.’ Immediate
cooling remains the cornerstone of heat stroke
management, with survival directly correlating
to the rapidity of temperature reduction.®
Conventional cooling methods include cold water
immersion, evaporative cooling, and ice pack
application.” However, in cases of severe heat
stroke with cardiovascular collapse or refractory
hyperthermia, extracorporeal cooling techniques
may be necessary.” Veno-arterial extracorporeal
membrane oxygenation (VA-ECMO) has been
reported for heat stroke patients with severe
hemodynamic instability, while veno-venous
ECMO (VV-ECMO) can provide both cooling
and respiratory support.'"® We report a case of
successful management of severe exertional heat
stroke complicated by status epilepticus, and acute
respiratory failure using VV-ECMO for rapid
cooling, which resulted in complete neurological
recovery without sequelae.

Case Presentation

A 64-year-old male without specific medical
history was brought to the emergency department
after being found with altered mental status and
high fever following occupational heat exposure.
The patient had been working outdoors when he
suddenly developed confusion and collapsed.
Emergency medical services recorded a body
temperature of 40.9°C at the scene.

Upon arrival at our emergency department,
the patient presented with severely altered
consciousness (Glasgow Coma Scale score
E3V1M4), blood pressure of 179/135 mmHg,
respiratory rate of 40 breaths per minute, and
oxygen saturation of 95% on oxygen mask
support. Initial management included endotracheal
intubation for airway protection, central venous
catheter placement for fluid resuscitation, and
aggressive cooling measures with evaporative
cooling, ice pack application, cold normal saline
(4°C) intravenous infusion, and cold normal saline
irrigation via nasogastric tube and Foley catheter.

Brain computed tomography showed no
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evidence of intracranial hemorrhage or space-
occupied lesion. Initial laboratory investigations
revealed acute kidney injury and elevated creatine
phosphokinase. The patient was diagnosed with
heat stroke complicated by status epilepticus and
acute respiratory failure. Given the refractory
hyperthermia and seizure despite conventional
cooling measures, the decision was made to
proceed with VV-ECMO insertion for rapid
cooling. Under sterile technique with ultrasound
guidance, a 19-French cannula was placed in
the right femoral vein and a 17-French cannula
in the left femoral vein. The ECMO circuit was
established and functioned well immediately after
initiation.

Following ECMO implementation, the
patient received comprehensive intensive care
management. Antiepileptic therapy was initiated
with levetiracetam and valproic acid. Sedation
was maintained at a Richmond Agitation-
Sedation Scale of -2 to -4 to facilitate mechanical
ventilation and prevent further seizure activity.
The ECMO system rapidly achieved target body
temperature control between 36-37°C. The patient
remained hemodynamically stable throughout the
ICU course with no recurrent seizure observed. On
day 2 of hospitalization, ECMO was successfully
discontinued and the patient was also extubated.
On day 3 of hospitalization, antiepileptic
medications were transitioned from intravenous
to oral formulations per neurologist consultation.
With clinical improvement and stabilization,
the patient was transferred to the ward. On day
5 of hospitalization, Electroencephalography
demonstrated normal cortical function with
appropriate background occipital alpha rhythm and
no epileptiform discharges. The clinical course
was interpreted as heat stroke with hemodynamic
instability and provoked seizures secondary to the
hyperthermic insult. On 8 of hospitalization, the
patient was discharged in stable condition with no
residual neurological deficits.

Discussion

This case illustrates several critical aspects
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of severe heat stroke management, including the
effectiveness of VV-ECMO as a rapid cooling
modality and the importance of aggressive
early intervention in preventing permanent
neurological damage. Heat stroke occurs when
thermoregulatory mechanisms fail to compensate
adequately for excessive heat accumulation,
resulting in core body temperatures exceeding
40°C." The pathophysiology involves direct
cellular injury from hyperthermia, circulatory
failure with resultant tissue hypoxia, and a
profound systemic inflammatory response
characterized by elevated proinflammatory
cytokines including tumor necrosis factor alpha,
interleukin-1, and interleukin-6.">" This cytokine
storm contributes to endothelial dysfunction,
coagulopathy, and multi-organ failure in a manner
analogous to septic shock. The central nervous
system is particularly vulnerable to heat injury
due to the sensitivity of neuronal tissue to elevated
temperatures.'* Neurological manifestations
occur in virtually all heat stroke cases and can
include altered consciousness ranging from
confusion to coma, cerebellar dysfunction with
ataxia, seizures, and focal neurological deficits.
Cerebellar syndrome resulting from Purkinje cell
injury is considered the most common long-term
neurological sequela of heat stroke." Seizures
are reported in approximately 6-58% of heat
stroke patients depending on the case series."®
However, progression to status epilepticus,
defined as continuous seizure activity or recurrent
seizures without recovery of consciousness,
is less common.* In our patient, the status
epilepticus were ultimately controlled by
aggressive cooling measures with combination
antiepileptic therapy. Importantly, the subsequent
electroencephalography demonstrated normal
cortical function without epileptiform activity,
and the patient had no further seizures after the
acute period, suggesting that the status epilepticus
was provoked by the acute heat injury rather than
representing underlying epilepsy.

Immediate cooling is the single most important
intervention in heat stroke management, with
outcomes directly correlated to the speed and
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magnitude of temperature reduction.® Current
guidelines recommend achieving core body
temperature below 39°C within 30 minutes of
presentation.'” Cold water immersion represents
the gold standard cooling method for exertional
heat stroke, with reported cooling rates of
0.15-0.35°C per minute.'® However, practical
limitations including patient agitation, vomiting,
need for continuous monitoring, and attachment
to medical equipment often preclude the use of
immersion therapy in the emergency department
or intensive care unit setting."”

In cases where conventional cooling methods
prove inadequate or impractical, extracorporeal
techniques offer an alternative approach. Several
case reports have described successful use of
extracorporeal membrane oxygenation for severe
heat stroke with refractory hemodynamic failure."
While most published cases utilized veno-
arterial ECMO for circulatory support, our case
demonstrates the utility of VV-ECMO when the
primary indication is rapid cooling and respiratory
support rather than cardiac assistance.

The advantages of VV-ECMO in our patient
included rapid achievement of target temperature,
maintenance of precise temperature control,
adequate oxygenation and ventilation during
sedation for seizure control, and avoidance of
complications associated with arterial cannulation.
The ECMO circuit achieved target temperature
within hours and maintained normothermia
for approximately 24 hours until the patient's
intrinsic thermoregulatory mechanisms recovered
sufficiently to maintain appropriate temperature
without mechanical assistance. The successful
neurological outcome in our patient, with complete
recovery and normal electroencephalographic
findings, highlights the importance of early
aggressive intervention. Several studies have
demonstrated that cooling rate and time to
achieve target temperature correlate directly
with survival and neurological outcomes in heat
stroke patients."” Delays in cooling or inadequate
cooling rates (less than 0.15°C per minute) are
associated with increased mortality and permanent
neurological sequelae.
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This case report has limitations inherent to
single patient report. Future research should
focus on establishing clear criteria for ECMO
implementation in heat stroke patients, developing
protocols for optimal timing of ECMO initiation.
Prospective studies examining long-term
neurological outcomes in heat stroke survivors
treated with extracorporeal cooling would provide
valuable information for clinical decision-making.

In conclusion, this case demonstrates that VV-
ECMO represents an effective rescue therapy
for severe heat stroke complicated by status
epilepticus and multi-organ dysfunction when
conventional cooling methods prove inadequate.
The rapid achievement of target temperature
control, combined with comprehensive supportive
care including antiepileptic therapy and organ
support, can result in complete neurological
recovery even in severe cases. Clinicians
should consider ECMO as a valuable tool in the
management algorithm for life-threatening heat
stroke, particularly when traditional cooling
approaches are insufficient or impractical. Early
recognition, prompt initiation of cooling, and
aggressive management of complications remain
essential to optimizing outcomes in this potentially
fatal condition.
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