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Abstract
Rationale: Neurogenic fever is a non-infectious source of fever in a patient with brain injury, especially hypothalamic injury. We
report on a stroke patient with neurogenic fever due to injury of hypothalamus, demonstrated by using diffusion tensor imaging (DTI).

Patient concerns: A 28-year-old male patient was admitted to the rehabilitation department of university hospital at 30 months
after onset. Brain MRI showed leukomalactic lesions in hypothalamus, bilateral medial temporal lobe, and bilateral basal ganglia. He
showed intermittent high body temperature (maximum:39.5°C, range:38.5–39.2°C), but did not show any infection signs upon
physical examination or after assessing his white blood cell count and inflammatory enzyme levels such as erythrocyte sedimentation
rate and C-reactive protein. In addition, 8 age-matched normal (control) subjects (4 male, mean age: 26.6 years, range: 21–29years)
were enrolled in the study.

Diagnosis: Intraventricular hemorrhage and intracerebral hemorrhage in the left basal ganglia.

Interventions: He underwent extraventricular drainage and ventriculoperitoneal shunting for hydrocephalus.

Outcomes:DTI was performed at 30 months after onset, fractional anisotropy (FA) and apparent diffusion coefficient (ADC) values
were obtained for hypothalamus. The FA and ADC values of patient were lower and higher, respectively, by more than two standard
deviations from control values. Injury of hypothalamus was demonstrated in a stroke patient with neurogenic fever.

Lessions: Our results suggest that evaluation of hypothalamus using DTI would be helpful in patients show unexplained fever
following brain injury.

Abbreviations: ADC = apparent diffusion coefficient, DTI = diffusion tensor imaging, FA = fractional anisotropy.
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1. Introduction

Neurogenic fever is a non-infectious source of fever in a patient
with brain injury, especially hypothalamic injury.[1–3] Precise
diagnosis of neurogenic fever is clinically important because it is
related to a poor outcome; thus, there is a need to undertake
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differential diagnosis from a fever that originated from infection
or inflammatory disease.[1–3]

The hypothalamus, a main autonomic center, is involved in
regulation of temperature, sleep–wakefulness cycle, and emo-
tional behavior.[4,5] Accurate estimation of the state of the
hypothalamus in the live human brain has been limited due to its
anatomical characteristics; deep location, and small size.[4]

However, the diffusion tensor imaging (DTI) technique has
enabled evaluation of the hypothalamus based on DTI
parameters.[6–10] Several studies using DTI have reported that
injury of the hypothalamus was associated with narcolepsy,
hypersomnia, fatigue, and depression in patients with brain
injury.[6–10] However, no study on neurogenic fever due to injury
of the hypothalamus has been reported.
In the present study, we report on a stroke patient who showed

neurogenic fever due to injury of the hypothalamus identified by
using DTI.
2. Case report

A 28-year-old male patient with intraventricular hemorrhage and
intracerebral hemorrhage in the left basal ganglia underwent
extraventricular drainage and ventriculoperitoneal shunting for
hydrocephalus. At 30 months after onset, he was admitted to the
rehabilitation department of our university hospital. Brain
magnetic resonance imaging (MRI) showed leukomalactic
lesions in the hypothalamus, bilateral medial temporal lobe,
and bilateral basal ganglia (Fig. 1A). He showed intermittent high
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Figure 1. (A) T2-weighted brain magnetic resonance images show leukomalactic lesions in the hypothalamus (arrows), bilateral medial temporal lobe, and bilateral
basal ganglia. (B) Regions of interest for the hypothalamus were localized by using the optic tract (anterior boundary), themammillary body (posterior boundary), and
the midline (medial boundary) at the level of the upper midbrain in the patient (C) and a representative normal subject.
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body temperature (maximum: 39.5°C, 38.5–39.2°C). However,
he did not show any signs of infection upon physical examination
or in his white blood cell count and inflammatory enzyme levels
including erythrocyte sedimentation and C-reactive protein.
Eight age-matched normal subjects (4 male, mean age, 26.6years;
range, 21–29years) were enrolled in this study as control
subjects. The patient’s father and all normal subjects has
provided informed consent for publication of the case, and the
local ethics committee approved the study protocol.

2.1. Management and prognosis

When he showed hyperthermia during admission, we applied
four types of management including external cooling methods
2

(tepid massage and ice pack), hydration, and medication
(propacetamol 1g, intravenous injection).[11–13] He revealed
similar pattern of hyperthermia in terms of intensity and
frequency during two month’s admission at our hospital.
2.2. Diffusion tensor imaging

A multi-channel head coil on a 1.5T Philips Gyroscan Intera
(Philips, Best, Netherlands) with 32 gradients was used for the
acquisition of DTI data. The patient’s DTI data was acquired at
30 months after stroke onset. We acquired 67 contiguous slices
parallel to the anterior commissure-posterior commissure line.
DTI scanning parameters were as follows: acquisition matrix=
96�96; reconstructed to matrix=192�192; field of view=240



Table 1

Diffusion tensor image parameters of the patient and control
subjects.

FA ADC

Patient 0.16 2.25
Control subjects (n=8) 0.25 (0.03) 1.09 (0.19)

Control values are presented as mean (SD).
ADC= apparent diffusion coefficient, FA= fractional anisotropy.
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mm�240mm; repetition time=10,398ms; echo time=72ms;
parallel imaging reduction factor=2; echo-planar imaging
factor=59; b=1000s/mm2; number of excitations=1; and slice
thickness=2.5mm. Eddy current-induced image distortions were
removed by using the affine multi-scale two-dimensional
registration provided in the Oxford Centre for Functional
MRI of Brain Software Library. DTI-Studio software (CMRM,
Johns Hopkins Medical Institute, Baltimore, MD) was used for
evaluation of the hypothalamus, which was identified by locating
the anterior boundary of the optic tract and the posterior
boundary of the mammillary body at the level of the upper
midbrain (Fig. 1A).[14] Fractional anisotropy (FA) and apparent
diffusion coefficient (ADC) estimates were obtained for the
hypothalamus. Regions of interest for the hypothalamus were
localized by using the optic tract (anterior boundary), the
mammillary body (posterior boundary), and the midline (medial
boundary) at the level of the upper midbrain in the patient (C)
and a representative normal subject.
3. Results

A summary of the DTI parameter results for the hypothalamus in
the patient and the control groups is presented in Table 1. The FA
and ADC value of the patient were lower and higher, respectively,
by more than two standard deviations from the control values
(Table 1).
4. Discussion

In this study, by assessing DTI parameters including FA and
ADC, we evaluated the hypothalamus of a patient who showed
neurogenic fever and leukomalactic lesion in the hypothalamus
following intraventricular hemorrhage. The FA value indicates
the degree of directionality of water diffusion, and the FA value
reflect white matter integrity (e.g., loss of myelination, axon
diameter, fiber density, or fiber organization).[15] In contrast, the
ADC value represents the magnitude of water diffusion in a
tissue, which can increase with some forms of disease,
particularly vasogenic edema or accumulation of cellular debris
associated with neuronal injury.[15] As a result, detection of a
decrement in the FA value and an increment in the ADC value in
this patient from those of the control subjects suggest the presence
of a neural injury of the hypothalamus. Previous studies have
suggested that injury to periventricular white matter by
intraventricular hemorrhage could occur through mechanical
(increased intracranial pressure or direct mass) or chemical
(blood clot) mechanisms.[16,17] Considering that the third
ventricle is located in the hypothalamus, the hypothalamus
appeared to be affected by a hematoma in this ventricle. As a
result, it appears that the neurogenic fever of this patient was at
least partly ascribed to injury of the hypothalamus.
3

Since the introduction of DTI, several studies have demon-
strated relationships among various symptoms including narco-
lepsy, hypersomnia, cognitive fatigue, depression with the injury
of the hypothalamus in multiple sclerosis, and traumatic brain
injury.[6–9] However, to the best of our knowledge, this is the first
study to demonstrate that neurogenic fever can be due to injury of
the hypothalamus in stroke patients. Nevertheless, this study is
limited because it is a single case report; therefore, further
prospective studies that include a large number of patients should
be encouraged. In addition, some limitations of DTI should be
considered.[18] First, defining a region of interest for the
measurement of DTI parameters in the hypothalamus can be
difficult due to the poor resolution and small size of the
hypothalamus. In addition, DTI parameters on the hypothalamus
could be affected by a partial volume effect such as that associated
with eddy currents due to cerebrospinal fluid.[18]

In conclusion, by using DTI, injury of the hypothalamus was
demonstrated in a stroke patient with neurogenic fever. Our
results suggest that evaluation of the hypothalamus by using DTI
would be helpful in patients show unexplained fever following
brain injury.
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