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Abstract To investigate the frequency and pattern of

orthostatic hypotension (OH) associated with acute isolated

cerebellar infarction, and to identify the cerebellar struc-

ture(s) potentially responsible for OH, 29 patients (mean

age 60.0) with acute isolated cerebellar infarction per-

formed a standard battery of autonomic function tests

including the head up tilt test using Finapres for recording

of the beat-to-beat BP response during the acute period.

Cerebellar infarction related OH was defined as fall in BP

([20 mmHg systolic BP) on tilting in patients without any

disease(s) that could potentially cause autonomic dys-

function, or in patients who had a potential cause of

autonomic dysfunction, but showed the absence of OH

during a follow-up test. The severity and distribution of

autonomic dysfunction were measured by the composite

autonomic severity score (CASS). Nine patients (31 %)

had OH (range 24–53 mmHg) on tilting during the acute

period. Most patients (7/9) had a remarkable decrement in

systolic BP immediately upon tilting, but OH rapidly

normalized. Mean of maximal decrease in systolic BP

during head up tilt test was 37.0 mmHg. The OH group

showed mild autonomic dysfunctions (CASS, 3.7) with

adrenergic sympathetic dysfunction appearing as the most

common abnormality. Lesion subtraction analyses revealed

that damage to the medial part of the superior semilunar

lobule (Crus I) and tonsil was more frequent in OH group

compared to non-OH group. Cerebellar infarction may

cause a brief episode of OH. The medial part of the

superior semilunar lobule and tonsil may participate in

regulating the early BP response during orthostasis.

Keywords Orthostatic hypotension � Cerebellar
infarction � Head-up tilt test

Introduction

Orthostatic hypotension (OH), the most incapacitating sign

of an autonomic failure, is defined as a decrease in systolic

BP (SBP) of greater than 20 mmHg or a decrease in

diastolic BP (DBP) of greater than 10 mmHg on standing

or head-up tilt [1]. The most easily recognized symptom of

OH is orthostatic dizziness, which is characterized by non-

vertiginous light-headedness when patients rise to a

standing position from a sitting or supine position.

Impaired sympathetic vasoconstriction reflex in muscles

and splanchnic vessels in response to orthostatic stress can

cause OH. OH has been reported in patients with focal

central nervous system lesions involving the brainstem,

hypothalamus, or spinal cord [2, 3].

The cerebellum has also been reported to participate in

regulating BP, presumably by modulating vestibulo-sym-

pathetic responses. However, studies on the role of the

cerebellum in regulating BP have been mostly based on the

results of experimental animal studies [4–8]. Until now,

few studies [9, 10] have described OH associated with

isolated cerebellar lesion in humans. The cardiovascular

response during orthostasis after a cerebellar lesion still

remains uncertain in humans.

Recently, we reported a patient [10] who had OH on tilt

test during the acute period of cerebellar infarction and felt

& Hyung Lee

hlee@dsmc.or.kr

1 Department of Neurology, Keimyung University School of

Medicine, 56 Dalseong-ro, Jung-gu, Daegu 700-712,

Republic of Korea

2 Brain Research Institute, Keimyung University School of

Medicine, Daegu, Republic of Korea

123

J Neurol (2016) 263:120–126

DOI 10.1007/s00415-015-7945-7

http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-015-7945-7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00415-015-7945-7&amp;domain=pdf


orthostatic dizziness after the initial spontaneous dizziness

subsided. To the best of our knowledge, no consecutive

clinical series has focused on the autonomic dysfunction

with OH from an acute isolated cerebellar infarction. The

aims of this study were to investigate the frequency and

pattern of OH, and to identify the structure(s) within the

cerebellum responsible for OH.

Methods

From April 2011 to November 2013, we identified 96

consecutive patients from the acute stroke registry at the

Keimyung University Dongsan Medical Center who had an

isolated cerebellar infarction diagnosed by brain MRIs

including diffusion view. Because the principal purpose of

our study was to determine whether the cerebellar infarc-

tion itself could cause OH, we excluded (1) patients with

anterior inferior cerebellar artery (AICA) territory cere-

bellar infarction who had an accompanying inner ear

infarction with audiovestibular loss (n = 4), (2) patients

with additional brainstem or supratentorial lesions includ-

ing stroke and microangiopathy (n = 23), and (3) patients

with a recent history of acute infection, brain edema, or

dehydration that could potentially lead to a transient

deterioration of autonomic dysfunction (n = 10). Accord-

ing to the above exclusion criteria, 37 patients with acute

cerebellar infarction were excluded. Twenty-five patients

did not agree to sign on the patient consent form. Thus, 34

patients performed autonomic function tests. We also

excluded the patients (n = 5) with medical disease(s) such

as diabetes or cardiac disease that could potentially affect

the autonomic function who showed OH at both the initial

and follow-up tilt tests because OH might result from the

medical disease itself (for example, diabetic autonomic

neuropathy) rather than the cerebellar lesion itself in these

patients. Overall, 67 patients were excluded. Finally, 29

consecutive patients (22 men, age range 41–79 years, mean

age 60.0 ± 11.5 years) with unilateral isolated cerebellar

infarction who underwent a standardized battery of auto-

nomic function tests during the acute period were included

for this study. All had vertigo/dizziness as an accompa-

nying symptom. Limb dysmetria, gait ataxia, truncal

instability, and/or nystagmus were common accompanying

signs. Patients taking medications known to cause OH or

otherwise affect autonomic testing were asked to discon-

tinue use of the drug for 5 half-lives. In all patients, MRIs

were performed shortly after the onset of symptoms (mean

interval: 3.9 h, range 1–168 h). The territories of the three

major cerebellar arteries, including the posterior inferior

cerebellar artery (PICA), AICA, and superior inferior

cerebellar artery (SCA), were determined according to

MR-anatomic templates, a previously validated MR-

anatomic template for the delineation of the arterial terri-

tory [11]. The vascular territory was determined by con-

sensus between two neurologists (HL, H-AK) who

independently reviewed the MRIs. A neuroradiologist (H-

WJ) who was blinded to each patient’s clinical status

reviewed MRIs in each patient. Complete agreement was

achieved between the two neurologists’ estimation of an

involved vascular territory and a neuroradiologist’s

adjudication.

A standardized battery of autonomic tests, including the

head-up tilt test (HUT), Valsalva maneuver, Valsalva ratio,

heart rate response to deep breathing using Finometer

devices (FMS, Amsterdam, The Netherlands) for recording

the beat-to-beat BP and heart rate (HR) responses, and the

quantitative sudomotor axon reflex test, was performed

during the acute period (3–18 days; mean interval,

8.0 days) in all patients according to a previously validated

method for diagnosing autonomic dysfunction [12]. All

patients (n = 4) with medical condition(s) that might have

caused OH on the first HUT test during the acute period

underwent a follow-up HUT test (mean follow-up interval

from the initial test: 36.7 days). The tilt protocol included

10 min in the supine position and 20 min of tilt at 70�. OH
was defined as a decrease in SBP of at least 20 mmHg or a

decrease in DBP of at least 10 mmHg between supine rest

for 10 min and an upright posture for 20 min. Classic OH

was defined as a decrease in SBP[ 20 mmHg or in

DBP[ 10 mmHg within 3 min of tilting. Delayed OH was

defined as a decrease in SBP that occurred after 3 min of

tilting. Early OH was characterized as a decrease in SBP of

at least 30 mmHg, immediately (usually within 30 s) after

tilting with rapid normalization of the BP response after

few minutes. Early pattern of OH has been previously

verified in patients with orthostatic dizziness [13]. The

pattern and severity of autonomic dysfunctions in patients

with cerebellar infarction were determined based on the

composite autonomic severity score (CASS, range 0–10)

that consisted of each subscore evaluating the sympathetic

adrenergic and cholinergic, and parasympathetic cardio-

vagal autonomic functions [14].

Cerebellar OH group was defined as follows: (1) HUT

test documented OH during the acute period, and at least

one of the following two conditions was satisfied: (2)

patients had no medical disease(s) that could potentially

cause OH, or (3) patients had medical disease(s) that could

possibly have caused OH during an initial HUT test but

showed no OH on a follow-up HUT test. The patients with

acute isolated cerebellar infarction who showed no OH

during an initial HUT test were assigned to no cerebellar

OH group, irrespective of medical disease.

To identify the structures involved in the generation of

OH, the overlapping lesions of the cerebellar OH group

were subtracted from those of the no cerebellar OH group
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and vice versa, revealing a percentage overlay plot. We

used DWIs obtained within the first 48 h after stroke onset

and fluid-attenuated inversion recovery sequences when

imaging was conducted 48 h or later for the overlay tech-

nique and volume measurement. We combined the MRI

images of the cerebellar OH group and no cerebellar OH

group by flipping the image of the lesions of the right

brain-damaged subjects to the left side. Thus, all MRI

images were viewed anatomically the left side of the figure,

which corresponded to the left side of the brain. The extent

of the cerebellar infarctions were drawn directly onto the

patient’s individual digitized MRI using MRIcro software

(http://www.cabiatl.com/mricro/mricron/index.html) and

saved as a region of interest (ROI). Spatial normalization to

a spatially unbiased infratentorial (SUIT) template was

performed according to the technique described by

Diedrichsen [15, 16].

One patient [10] was previously reported, but new

information is included in this report. All of the experi-

ments complied with the tenets of the Declaration of Hel-

sinki and the study protocol was reviewed and approved by

our institutional review board. Written informed consent

was obtained from patients with acute cerebellar infarction

after the nature and possible consequences of the study had

been explained to the participants.

Results

Among the 29 patients with acute isolated cerebellar

infarction who were finally enrolled for this study

according to above inclusion and exclusion criteria, 14

patients had PICA territory infarction and 7 had SCA ter-

ritory infarction. Others (n = 8) had infarction in the

combined territories of PICA and SCA. Four patients had

lesion including to the posterior vermis, but none of

patients had lesion to the fastigial nuclei. Among four

patients with lesion to the posterior vermis, two were

assigned to the cerebellar OH group.

A total of 9 patients (31 %) had OH during the first HUT

test. All patients with OH showed a normal level of blood

urea nitrogen (range 8–18 mg/dl; mean, 12 mg/dl) and had

no dehydration signs such as an absence of the jugular

venous distention. Most (7/9, 78 %) patients showed an

initial decrease in SBP of 30 mmHg or more within 30 s

after tilting, but OH rapidly normalized (i.e., early OH).

Classic OH occurred in 1 patient during the first 3 min of

tilting and continued until tilt back. Another patient had

delayed OH, which occurred approximately 20 min after

tilting. Illustrative case with a typical early pattern of OH

during tilting is shown in Fig. 1. During the HUT test, three

patients (one early, one classic, and one delayed pattern)

with OH felt postural lightheadedness and nausea, which

occurred at the time of OH occurrence. A total of eight

(28 %) reported a new type of dizziness during hospital-

ization after the initial spontaneous vertigo/dizziness sub-

sided that was characterized by short-lasting postural

lightheadedness, triggered by a standing position from a

sitting or supine position (i.e., orthostatic dizziness). None

of the patients had symptoms of orthostatic intolerance

such as orthostatic dizziness prior to the infarction.

Nine (31 %) patients with OH during the first HUT were

classified as the cerebellar OH group, in whom 4 patients

had medical diseases including hypertension (n = 4) and

diabetes (n = 1), but a follow-up HUT test showed no OH

in these patients. Other (n = 20, 69 %) with no OH during

tilting were assigned to no cerebellar OH group. There

were no differences between the cerebellar OH and no

cerebellar OH groups in terms of age, sex, interval from

symptom onset to test, involved vascular territory, or fre-

quency of orthostatic dizziness. The mean of maximal

decrease in SBP during tilt was 37 mmHg in cerebellar OH

group. The total and adrenergic CASS scores were signif-

icantly higher in the cerebellar OH group than in the no

cerebellar OH group. The patients in the cerebellar OH

group showed mild autonomic dysfunction (mean CASS

score, 3.7), among which the adrenergic dysfunction was

the most common abnormality (Table 1). Lesion subtrac-

tion analyses revealed that damage to the medial part of the

superior semilunar lobule (Crus I) and the tonsil was more

frequent in the cerebellar OH group than in the no cere-

bellar OH group (Fig. 2).

Discussion

To the best of our knowledge, this is the first study to

investigate the frequency and pattern of OH due to acute

unilateral cerebellar infarction, and the region(s) within the

cerebellum responsible for OH. In our series, OH was

found in 31 % of the patients and the most common pattern

of OH was early OH, which was observed in approximately

80 % (7/9) of the patients with OH. The medial part of the

superior semilunar lobule and tonsil were more commonly

damaged in the cerebellar OH group than in no cerebellar

OH group.

It was surprising that approximately 30 % of the patients

with isolated cerebellar infarction showed OH during tilt-

ing. Because of the beat-to-beat BP recording, we could

identify brief episodes of transient OH, such as early OH,

which constituted approximately 80 % of the total OH

observed in our study.

Interestingly, none of our patients with OH showed

damage to the caudal vermis including the uvula-nodulus

(lobules IX–X) and the fastigial nucleus, which are the

structures within the cerebellum thought to participate in
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Fig. 1 MRI and head-up tilt

test (HUT) in a patient with

orthostatic hypotension. a Brain

MRI scans performed 24 h after

the onset of symptoms show

hyperintense lesions involving

the caudal cerebellum in the

territory of the posterior inferior

cerebellar artery on the left side.

b A HUT test performed 3 days

after symptom onset shows a

decrease in systolic blood

pressure (BP) of up to

60 mmHg immediately after

tilting, and the BP then

spontaneously and rapidly

returns to normal, producing a

short period of hypotension

(\1 min). Note the increase in

heart rate, suggesting an intact

compensatory cardiovagal

response. c A follow-up HUT

test 2 weeks after symptom

onset shows normal BP

responses
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cardiovascular control from the results of animal studies

[4, 5, 7]. Instead, the medial portion of the superior

semilunar lobule and tonsil were more commonly dam-

aged in patients with OH than in those without OH.

However, the results from lesion studies in patients do not

always correspond to the results from experimental ani-

mal studies. For example, in a study [17] on structures

responsible for unidirectional gaze-evoked nystagmus in

patients with acute cerebellar infarction, none of the

patients with unidirectional gaze-evoked nystagmus had a

lesion in the flocculus, which is known to play a primary

role in the gaze-holding neural integrator network [18].

Furthermore, our result is in agreement with a previously

reported patient [9] who showed OH due to a cerebellar

tumor confined to the cerebellar hemisphere, supporting

the concept that the cerebellar hemispheres might also

play a role in the cardiovascular regulation mechanism in

addition to the uvula-nodulus (lobules IX–X) and fastigial

nucleus. Although the cerebellar hemisphere has no direct

effect on the baroreceptor reflex arch, the medial portions

of the cerebellar hemispheres are known to project to the

globose and emboliform nuclei [19]. These structures

have direct connections with the hypothalamus, which is

important in the basal and reflex control of sympathetic

outflow [20]. Indeed, various parts of the cerebellum, such

as the caudal vermis including the uvula-nodulus (lobules

IX–X), fastigial nucleus, and anterior vermis (lobules I–

III), have been known to participate in cardiovascular

control via the baroreflex or the vestibulo-sympathetic

reflex. We speculate that the medial portions of the

cerebellar hemispheric areas and tonsil may also partici-

pate in regulating the BP response during postural

changes.

Most (7/9, 78 %) of the cerebellar OH group showed

early OH during tilting, which was characterized by a

decrease in SBP of 30 mmHg or more within 30 s after

tilting with OH rapidly normalizing after few minutes.

Early pattern of OH has been previously verified in our

study in patients with orthostatic dizziness [13]. Early OH

observed in our patients resembles an initial OH, a frequent

but underestimated cause of orthostatic intolerance [21].

Similar to an initial OH, this early OH is also accompanied

by a remarkable decrement of SBP during the initial period

of tilting, followed by a rapid and spontaneous normal-

ization of BP [13]. Thus, the period of hypotension is short.

Unlike an initial OH that is exclusively associated with

active standing up [21], early OH may occur in a condition

of passive tilting, as observed in our patients [13]. Our

result is in agreement with previous experimental animal

studies [22, 23] that examined the effect of the labyrinth or

vestibular nucleus lesions on cardiovascular dysregulation

and showed that a decrease in BP after orthostatic stress

(i.e., tilting) following a vestibular lesion is prominent only

during the early period (within 30 s) after orthostatic stress,

and BP then rapidly normalizes. Thus, cerebellar lesions

may also cause an early pattern of OH similar to the effects

of vestibular lesions observed in experimental animal

studies [22, 23].

Table 1 Clinical, MRI, and autonomic findings in cerebellar OH and no OH groups

Cerebellar OH (n = 9, 31 %) No cerebellar OH (n = 20, 69 %) P value

Age (years) 59.1 ± 10.8 61.1 ± 12.0 0.68a

Sex (male) 8/9 (88.9 %) 14/20 (70.0 %) 0.38b

Hypertension 4/9 (44.4 %) 8/20 (40.0 %) 0.57b

Diabetes 1/9 (11.1 %) 4/20 (20 %) 0.50b

From symptom onset to test (days) 7.7 ± 3.3 8.1 ± 3.9 0.57a

Territory in cerebellar infarction

PICA 4/9 (44.4) 10/20 (50 %) 1.00b

SCA 1/9 (11.1 %) 6/20 (30 %) 0.38b

PICA ? SCA 4/9 (44.4 %) 4/20 (20 %) 0.21b

Orthostatic dizziness 4/9 (44.4 %) 3/20 (15 %) 0.67b

Mean of maximal SBP decrease during tilt -36.7 ± 14.1 -0.7 ± 11.2 0.00a

Total CASS score 3.7 ± 2.4 1.1 ± 1.4 0.01a

Adrenergic subscore 1.9 ± 1.3 0.4 ± 0.6 0.01a

Involvement of superior semilunar lobule 6/9 (66.7 %) 4/20 (20 %) 0.03b

Involvement of tonsil 6/9 (66.7 %) 5/20 (25 %) 0.05b

PICA posterior inferior cerebellar artery, SCA superior cerebellar artery, SBP systolic blood pressure, OH orthostatic hypotension, CASS

composite autonomic severity score
a Mann–Whitney U test
b Fisher’s exact test
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Because of the complete absence of OH at a follow-up

HUT test, four patients who had both medical disease and

OH during the first HUT test were included in the cere-

bellar OH group. Indeed, OH might result from the cere-

bellar lesion itself rather than from medical disease in these

patients. We believe that the possibility of OH associated

with one or more underlying medical disease, such as

diabetes or cardiac disease, is extremely low in these

patients.

Because approximately 30 % (8/29) of patients experi-

enced postural lightheadedness after the initial spontaneous

vertigo/dizziness subsided, OH should be considered in the

differential diagnosis of dizziness in patients with cere-

bellar infarction if the patients complain of a new type of

dizziness that is typically triggered by a standing position

from a sitting or supine position after the initial sponta-

neous dizziness subsides. In this condition, autonomic

function testing rather than diffusion-weighted MRI may

be a more effective tool in diagnosing this new type of

dizziness.

Our study has some limitations. First, the number of

patients was relatively small, and in particular, the small

number of patients with cerebellar OH might have lessened

the significance of the extracted lesion in these patients.

Thus, the possible contribution of the cerebellar hemi-

sphere and/or tonsil related to OH should be investigated

again with a large sample size. Second, since OH on HUT

test is variably reproducible [24], lack of OH on a second

Fig. 2 Overlapping MRI lesions in patients with (A) or without

(B) OH. Right-sided lesions are flipped to the left side. The number of

overlapping lesions is illustrated by different colors that code for

increasing frequencies, which range from violet (n = 1) to red (n = 9

for A, n = 20 for B). Overlay plot of the subtracted superimposed

lesions of patients with OH minus no cerebellar OH group. c The

percentage of overlapping lesions of the group with OH after

subtraction of the no cerebellar OH group is illustrated by five

different colors, where dark red represents a difference of 1–20 %

and white-yellow represents a difference of 81–100 %. Each color

represents increments of 20 %. The regions are colored from dark

blue (difference of 1–20 %) to light blue (difference of 81–100 %),

indicating regions that were damaged more frequently in patients

without OH. The Talairach z coordinates of each transverse slice are

given. This figure demonstrates that the medial part of the superior

semilunar lobule and tonsil are the anatomical areas related to OH.

d The areas including the superior semilunar lobule and tonsil are

selectively shown
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tilt test may not guarantee that the medical conditions were

not responsible for OH on the first tilt test. However, fre-

quency of hypertension and diabetes were not significantly

different in both cerebellar OH and no cerebellar OH

groups. Thus, we believe that the possibility of no OH due

to limitation (i.e., low reproducibility) of HUT test was

extremely low in these patients (n = 4). Third, because we

did not perform a follow-up HUT test in the patients with

no medical condition potentially affecting autonomic

function who had OH on first HUT test during the acute

period, the possibility of idiopathic autonomic failure, such

as pure autonomic failure, could not be excluded com-

pletely in these patients. Finally, a further study using a

standardized dizziness questionnaire, including the onset

(i.e., interval from the disappearance of initial dizziness to

the onset of new dizziness), frequency, and duration of

orthostatic dizziness is needed to clarify the characteristics

of this new type of dizziness that occurs after the sponta-

neous persistent dizziness subsides.
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