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Abstract:

High-altitude cerebral edema (HACE) is a rare condition of acute mountain sickness that manifests as con-
sciousness disturbance and truncal ataxia. Neuroimaging shows vasogenic edema with microbleeds in the
white matter and the corpus callosum. We herein report a case of HACE in which the patient showed wide-
spread hyperintense signals with extensive microbleeds in the white matter and corpus callosum on MRI, as
well as cognitive dysfunction. Rehabilitation to improve the higher brain function facilitated the recovery of

the patient’s cognitive impairment and was accompanied by improved MRI findings.
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Introduction

Low atmospheric pressure causes low partial pressure of
oxygen in the human body and may lead to difficulties in
acclimatization to high-altitude areas. High-altitude cerebral
edema (HACE) is a rare condition of acute mountain sick-
ness that manifests as consciousness disturbance and truncal
ataxia (1). Vasogenic edema causes these symptoms, and mi-
crobleeds in the white matter and corpus callosum are com-
mon MRI findings (2, 3). Verbal and visual memory distur-
bances were observed in a patient with lesions in the sple-
nium of the corpus callosum (4). Since HACE occurs under
specific conditions, there are few studies that show its de-
tailed clinical course and neuroimaging alterations. We
herein report the case of a patient with HACE who had
widespread hyperintense signals with extensive microbleeds
in the white matter and cognitive dysfunction. Higher brain
function rehabilitation facilitated the recovery of cognitive
impairment and was accompanied with improvements in
MRI findings.

Case Report

The patient was a 54-year-old woman who flew to Xining
Caojiabao Airport in China (2,200 meters above sea level) to
go sightseeing in Tibet (approximately 2,500-3,000 meters
above sea level). After a 4-day stay in a hotel, she suddenly
experienced nausea, vomiting, gait ataxia, and consciousness
disturbance and was admitted to a local hospital (1,500 me-
ters above sea level). At the time, her Glasgow Coma Scale
was 14 (E3, V5, M6), with lethargy. Her memory and calcu-
lation acuity were normal. In addition, her cranial nerves,
motor and sensory systems were also normal. Her blood
pressure was 131/79 mmHg, and her heart rate was 76
beats/min. She had no fever and a physical examination re-
vealed no abnormalities. Brain MRI DWI and FLAIR
showed widespread areas of high intensity in the white mat-
ter of the centrum semiovale and the splenium of the corpus
callosum. T2* imaging revealed extensive microbleeds,
which were located symmetrically, anterior to the splenium
of the corpus callosum, globus pallidus, widespread white
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Figure 1.

MRI findings on the 12th day, DWI and FLAIR showed widespread areas of high inten-

sity in the splenium of the corpus callosum (A, B) and white matter in the centrum semiovale (C). T2*

revealed extensive microbleeds that were symmetrically located in the middle cerebral peduncle (D)
and anterior to the splenium of the corpus callosum and globus pallidus (E), and the white matter in
the centrum semiovale (F). At 41 days after the onset of symptoms, DWI and FLAIR showed improve-
ment in the high intensity lesions in the corpus callosum and the splenium lesion (G, H), as well as the
disappearance of the white matter lesions (I). The widespread and marked appearance of microbleeds

was decreased; however, some microbleeds remained (J-L).

matter in the centrum semiovale, and middle cerebral pedun-
cle (Fig. 1A-F). There were no blood chemistry or cerebro-
spinal fluid abnormalities and cultures were negative. Her
symptoms improved after hydration and rest, and she was
able to walk. She was discharged from the hospital and re-
turned home to Japan 7 days after the onset of symptoms.
However, she experienced further memory disturbances and
was admitted to hospital 12 days after a 4-day lucid interval.
Although the results from physical and neurological exami-
nation were normal (e.g., normal reflexes in the extremities
and a normal cerebellar function), attention disturbance as
well as retrograde and antegrade amnesia were observed.
Her Mini Mental State Examination (MMSE) score was 22
points, with slightly disturbed orientation, calculation, de-
layed recall and executive function. An examination using
the Wechsler Adult Intelligence Scale 4th edition (WAIS 1V)
showed that her Full Scale IQ (FSIQ) was 82, her verbal
comprehension index (VCI) was 106, her perceptional rea-
soning index (PRI) was 75, her working memory index
(WMI) was 94, and her processing speed index (PSI) was
71. With the exception of her VCI value, her other index
scores were low. She underwent rehabilitation to improve
her calculation, auditory word comprehension, and concen-
tration using card games and underwent memory training
using complex figures. At 30 days after onset, her MMSE
score recovered to 30. Her WAIS IV scores also improved:
FSIQ 113, VCI 119, PRI 107, WMI 109. However, her PSI
score remained at 87. An MRI examination 41 days after the
onset showed the disappearance of high intensity lesions in
the white matter and corpus callosum, except for the lesions
in the splenium. The widespread and marked appearance of
microbleeds had decreased; however, some microbleeds re-

mained (Fig. 1G-L). Since the PSI index is associated with
the executive function and information processing speed, the
residual white matter and globus pallidus lesions delayed the
recovery of PSI in comparison to other brain cortical func-
tion indexes (5, 6). Diffusion tensor tractography at day 24
showed decreased commissural fibers in the corpus callosum
(Fig. 2).

Discussion

In the present case, prominent hyperintense signals with
extensive microbleeds were observed in the corpus callosum
and white matter. The pathophysiology of HACE is revers-
ible, and vasogenic brain edema leads to microbleeds. The
collapse of the blood brain barrier due to vasodilation with
increased cerebral blood flow under low oxygen pressure
and high-altitude erythrocytosis causes unique distributions
and distinct MRI findings (7, 8). These structures are ana-
tomically classified as white matter, which is more vulner-
able to vasogenic brain edema in comparison to gray matter.
The blood supply of the splenium of the corpus callosum
and middle cerebellar peduncle comprise the posterior circu-
lation. Adrenergic regulation is weak in the posterior circula-
tion vessels (7). Under these conditions, we found a severe
case of HACE by MRI.

Hemorrhage in the globus pallidus due to CO intoxication
and hypoxemia is often observed. The globus pallidus is a
structure composed of gray matter that is located in the deep
cerebrum; the end portion is perfused by a single artery sys-
tem (9, 10). These mechanisms may have caused the globus
pallidus to be vulnerable to HACE in our case. The re-
exacerbation of symptoms after a lucid interval is more
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Figure 2. Comparison of diffusion tensor tractography between our case (A) and an age- and sex-
matched control (B). Simens Magnetome Avanto (1.5 T, TR/TE=7,000/102 ms, FOV=230x230 mm,
matrix=128x128, b-value=1,000, diffusion direction=12); Fujifilm Synapse Vincent (Craniotomy

Simulator/Tensor analysis V 5.3). Eye closed steady state without tasks. Image of the decreased com-

missural fibers in the corpus callosum on day 24. TR: time of repetition, TE: time of echo, FOV: field

of view

likely to occur in pure hypoxia, such as is observed in pa-
tients with CO poisoning. Although delayed exacerbations
are rare in high-altitude illness, a case with a one-month lu-
cid interval was reported in a patient with acute mountain
illness with bilateral globus pallidus lesions (11). Hypoxic
factors and microbleed lesions in the bilateral globus palli-
dus may have been associated with the re-exacerbation of
her symptoms.

Extensive microbleeds in subcortical U-fibers were an-
other characteristic in our case. U-fibers are usually doubly
supplied from the cortical and white matter vessels and are
resistant to hypoxia (9, 10). However, since these U-fiber
structures consist of nerve fibers, they may be as vulnerable
to vasogenic edema as the corpus callosum and the middle
cerebellar peduncle.

Lesions in the splenium of the corpus callosum disrupt
the connection between the anterior thalamic nucleus and
hippocampus (Papez circuit) and cause visual and verbal
memory disturbances (12). Our patient showed decreased
visual and verbal IQ 12 days after the onset of symptoms;
however, her scores returned to normal with rehabilitation.
To our knowledge, this is the first report use the WAIS IV
to show the improvement of visual and verbal memory im-
pairment in the follow-up of a patient with HACE. Diffusion
tensor tractography
crobleeds corresponded to a decrease in nerve fibers. Obser-
vation studies regarding longitudinal improvement in PSI,
retrograde amnesia and microbleeds are necessary to under-
stand the course of HACE.

indicated that these extensive mi-
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