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Hyperthermia from a central cause is associated with increased morbidity and mortality. Dysfunction of
brainstem thermoregulatory pathways may explain the intractable rise in temperature. Antipyretics, dantrolene,
bromocriptine, and surface and intravascular cooling devices have been attempted for temperature control. We
report the case of a 54-year-old woman with history of hypertension who presented with pontine hemorrhage
with extension into the midbrain and medulla. On days 8–9 of her hospital admission, she developed intractable
fever and expired the same day despite aggressive treatment of hypothermia, including antipyretics, ice lavage,
cold fluid boluses, surface cooling, dantrolene, and bromocriptine. Hyperthermia from brainstem hemorrhage
can be difficult to manage with current treatment options. Early recognition of those patients who may develop
hyperthermia could lead to early intervention and possibly better outcomes. More evidence from prospective
randomized controlled trials will elucidate the risk–benefit profile of achieving normothermia with aggressive
fever control in these patients.

Introduction

A 54-year-old African American woman with a med-
ical history of untreated hypertension presented with

generalized weakness and dizziness and a headache that
worsened over the course of a few days. She called her son to
come and assist her, but was found unresponsive *30 min-
utes later. Emergency medical services was called and she
was transported to a local emergency department and in-
tubated upon arrival. Her initial Glasgow Coma Scale score
was 4 (E1 V1 M2) and her CT scan showed acute pontine
hemorrhage (Fig. 1). She was subsequently transferred to
the neurosciences ICU at our institution.

Her initial blood pressure on arrival was 186/104 mmHg,
and a nicardipine infusion was started with a goal systolic
blood pressure of less than 160 mmHg. An MRI of the head
showed a large pontine hemorrhage with mass effect on the
fourth ventricle and cerebral edema tracking into the mid-
brain and medulla. In addition, the gradient echo sequence
also showed several microhemorrhages in the subcortical
white matter, with fluid-attenuated inversion recovery (FLAIR
sequences) showing chronic microvascular ischemic changes
(Fig. 2). Transthoracic echocardiogram showed concentric
left ventricular hypertrophy with preserved systolic function
and grade I diastolic dysfunction. Electroencephalogram
showed diffuse, nonreactive theta activity without state changes
or clear posterior dominant rhythm.

Seven days after her initial symptoms, the patient’s tem-
perature rose to 38.5�C (101.3�F). Blood work showed a mild

leukocytosis. Blood and urine cultures did not reveal growth
of any microorganisms. Acetaminophen was given. Two
days later, she developed intractable central hyperthermia.
Her temperature increased rapidly from 37.1�C (98.9�F) to
40.9�C (105.6�F) over the course of a few hours. The core
temperature (rectal) was 42.4�C (108.4�F). Her peripheral
white blood cell count increased from 11.9 to 15.0 · 103/lL,
and creatinine was also elevated to 1.00 mg/dL from baseline
of around 0.8. Ice lavage and cold IV fluid bolus were given.
A surface cooling device (Arctic Sun) was placed. Anti-
pyretics, dantrolene and bromocriptine, were administered.
Despite aggressive treatment, her temperature did not sub-
stantially decrease. Six hours later she underwent cardiac
arrest and expired.

Discussion

Hyperthermia or hyperprexia in brainstem hemorrhage

Fever from a central cause, particularly intracerebral hem-
orrhage, is associated with increased morbidity and mortality
(Commichau et al., 2003). As an independent variable, fever
is consistently associated with worse outcomes in patients
with neurologic injury (Greer et al., 2008). A retrospective
study of 74 patients who developed hyperthermia (>39�C) in
the neurosciences ICU poststroke was found to result in 70%
mortality (Sung et al., 2009). Thus, it is an independent risk
factor for poor clinical outcome. Brainstem, particularly
pontine, hemorrhage was the direct cause of fever in 64% of
patients, but all patients had brainstem involvement.

Department of Neurology, University of Texas Southwestern Medical Center, Dallas, Texas.

THERAPEUTIC HYPOTHERMIA AND TEMPERATURE MANAGEMENT
Volume 6, Number 2, 2016
ª Mary Ann Liebert, Inc.
DOI: 10.1089/ther.2016.0004

98



The intractability of fever caused by large-volume intra-
cerebral hemorrhages is hypothesized to be due to direct com-
pression of brainstem and hypothalamic thermoregulatory
centers (Deogaonkar et al., 2005). Wijdicks and St Louis
(1997), in a retrospective study of 38 patients, linked pontine
hemorrhage to higher mortality if patients had a history of
hypertension, presented in coma, or had absent oculocephalic
reflexes and/or motor response. However, mortality was

highest in those patients with CT evidence of extension into
midbrain and thalamus (as our patient had), hyperthermia,
tachycardia >100 beats/min, and acute hydrocephalus on
admission. Only those patients who were alert on admission
and with unilateral small pontine hemorrhage made good
recovery in this series. In a retrospective study of 251 patients
with spontaneous intracranial hemorrhage, duration of fever
was independently associated with poor outcome in those
who survived past 72 hours (Schwarz et al., 2000).

Fever in patients with brainstem hemorrhage is thus a sign
of particularly poor prognosis. Previous reports have in-
cluded fatal cases of extensive brainstem hemorrhage from
midbrain to medulla, with characteristics similar to malignant
hyperthermia, including rapid onset of hyperprexia, elevated
creatinine kinase levels, and renal failure with precipitous
clinical decline, despite no predisposition to malignant hy-
perthermia (Kitanaka et al., 1994). The central hyperthermia
syndrome may also be marked by temperature fluctuation
within a short period of time (Sung et al., 2009). Faster rec-
ognition of the etiology of fever in ICH/SAH patients may
help to more effectively manage this complication.

Brainstem temperature regulation

The central neural thermoregulatory system is not com-
pletely understood. Integration of temperature information
from spinothalamocortical pathways as well as from the
lateral parabrachial nucleus, located at the junction of pons
and midbrain, occurs in the hypothalamic preoptic area
(POA) (Morrison and Nakamura, 2011). POA neurons are
uniquely sensitive to the influence of pyrogenic mediators,
such as prostaglandin E2, and this area controls body tem-
perature set point (Nakamura et al., 1999).

Thermogenic signals result in activation of warm-sensitive
neurons in the median preoptic nucleus within the POA.
Brown adipose tissue thermogenesis is affected through
afferents to key brainstem regions such as the rostral ven-
tromedial medulla. By contrast, neuronal activation in the
ventrolateral medulla or the nucleus of the solitary tract can
decrease brown adipose tissue thermogenesis (Morrison
et al., 2008). In addition, the midbrain rostral ventromedial
periaqueductal gray area has been implicated in tonic

FIG. 2. Patient MRI FLAIR sequence showing pontine hem-
orrhage with surrounding edema and sulcal effacement likely
affecting brainstem thermoregulatory structures. FLAIR, fluid-
attenuated inversion recovery.

FIG. 1. Patient head CT images
showing hemorrhagic extension
(initial CT to left, CT 5 days post-
presentation to our institution to
right).
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inhibition of thermogenesis (Rathner and Morrison, 2006).
Hence, multiple brainstem regions are important in central
temperature regulation (Fig. 3). Injury to the brainstem has
directly been shown to affect normal mammalian thermo-
stasis, as evidenced by altered temperature regulation in cats
with pontine tegmental lesions and hyperthermia in rats that
have undergone prepontine knife cut (Benzi et al., 1988).

Avenues for treatment and future research

Extensive brainstem hemorrhage is a poor prognostic factor.
Central hyperthermia is costly to manage because of extended
hospital and ICU lengths of stay; more targeted and effective
therapies might help to address this issue (Reaven et al., 2009).
Conventional fever control, including antipyretics, can be
tried initially. If these fail to produce normothermia, aggressive
temperature management can be achieved by external cooling
systems or by intravascular cooling techniques. Empirically,
bromocriptine and baclofen have been reported to help
abolish central fever; dantrolene may provide neuroprotec-
tion in patients at risk for intractable central hyperthermia
(Huang et al., 2009; Muehlschlegel and Sims, 2009; Yu
et al., 2013).

Both surface and intravascular cooling devices have been
shown by prospective randomized controlled trial to be su-
perior to conventional therapies in controlling temperature
(Mayer et al., 2004; Broessner et al., 2009). However, al-
though cooling devices can be extremely effective in pro-
ducing normothermia, the benefit is offset by the metabolic
consequences of shivering, as well as the increased risk of
infection with normothermia (Scaravilli et al., 2011). Al-
though hyperthermia associated with hemorrhage is known to
be deleterious to neurologic injury patients, it is unclear

whether an aggressive push for normothermia results in better
clinical outcomes for these patients. Prospective studies of
patients with hemorrhage-related central hyperthermia with
specific related hypotheses are necessary to understand how
to proceed with temperature control, hyperthermia preven-
tion, and resuscitative measures, and to better counsel fami-
lies regarding prognosis.

Conclusion

Intractable central hyperthermia related to brainstem
hemorrhage is associated with high morbidity and mortality.
Distinguishing central hyperthermia from other causes of
hyperthermia in the neurosciences ICU is important to opti-
mize treatment. An improved understanding of the mecha-
nisms that lead to intractability, with evidence from large
prospective randomized controlled trials, could aid earlier
recognition of patients who are more likely to progress to this
state and implementation of earlier management. Good pro-
spective evidence would also elucidate the risk–benefit pro-
file of maintaining normothermia.
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