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Abstract
Objective: To investigate the characteristics of vascular lesions in patients with a cerebellar watershed infarction. Methods: Clinical data from 178 cases of cerebellar infarction were collected
with magnetic resonance imaging (MRI) scan results, including diffusion weighted imaging (DWI),
a magnetic resonance angiography (MRA), and computed tomography angiography (CTA). The
cases were divided into cerebellar watershed and non-watershed infarctions based on lesion location, which was revealed by DWI. Forty-two cases met the criteria for a cerebellar watershed infarction. Based on the MRA/CTA results, the vertebrobasilar artery stenoses were divided into
four categories (i.e., intracranial, extracranial, combined, and no detectable stenosis) to compare
the vascular lesion characteristics from patients with a cerebellar watershed infarction and patients with a non-watershed infarction. Results: Patients with cerebellar watershed infarcts presented mild symptoms at onset and had a favorable prognosis. However, 90.5% of these patients
had a vascular stenosis, which was higher than for patients with a cerebellar non-watershed infarction (74.3%). The four types of vascular lesions, intracranial, extracranial, combined, and no
detectable stenosis, were 14.3%, 52.4%, 23.8%, and 9.5% in patients with a cerebellar watershed
infarction and 33.8%, 16.2%, 24.3%, and 25.7% in patients with a non-watershed cerebellar infarction, respectively. Conclusion: Although patients with cerebellar watershed infarcts often had
comparatively benign clinical manifestations and prognoses, such patients also had a high stenosis
prevalence in major blood vessels, especially the extracranial segment in the vertebral artery,
which required early intervention and treatment.
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1. Introduction

A cerebellar watershed infarction is a rare type of brain infarction. In 1993, Amarenco et al. [1] reported 47 patients with very small (border zone) cerebellar infarcts and revealed that large or pial artery disease rather than
systemic hypotension was the main vascular lesion. However, the small cerebellar infarcts were recommended a
new classification system based on topography in recent study [2]. A limited number of studies on cerebellar
watershed infarction have been published, and the pathogenesis, clinical manifestations, location of vascular lesions, and prognosis for this disease are still unclear. In our study, we collected 42 cases with a cerebellar watershed infarction and analyzed the clinical and imaging features to understand the corresponding vascular pathogenesis that was helpful to the therapy and secondary prevention of this rare disease.

2. Subjects and Methods
2.1. Research Subjects
We collected 178 new cases with a cerebellar infarction that were admitted to the Department of Neurology at
the Peking University Third Hospital from January 2008 to June 2011; the patients met the diagnostic criteria
listed in the China Guideline for diagnosis and treatment of acute ischemic stroke (2010) [3]. The inclusion criteria required the following: 1) infarction involved with the cerebellum, which was confirmed as an acute cerebellar infarction through DWI; 2) magnetic resonance imaging (MRI), diffusion weighted imaging (DWI), and
magnetic resonance angiography/computed tomography angiography (MRA/CTA) examinations (including
head and neck blood vessels) completed within 1 week of onset; 3) blood examinations, including routine blood
test, blood coagulation, fibrinogen, homocysteine, blood glucose, blood lipids, electrolytes, liver and kidney
function, as well as an electrocardiogram and echocardiogram, completed within 1 week of onset. The exclusion
criteria were as follows: a) patients with a cardiogenic cerebral embolism, including atrial fibrillation, myocardial infarction within 3 weeks, dilated cardiomyopathy, rheumatic heart disease, and a ventricular aneurysm; and
b) patients currently receiving thrombolytic or anticoagulant therapy. Our institutional review board approved
this study, but patient informed consent was not required because this study was retrospective. All the patients
received the necessary treatment including thrombolysis, anti-platelet, or anticoagulin according to individual
pathogenesis.

2.2. Baseline Data Collection
We recorded the patients’ age, gender, stroke risk factors (hypertension, hyperlipidemia, diabetes, hyperhomocysteinemia, and smoking), the time interval from onset to hospital admission, blood pressure upon hospital admission, and NIHSS scores upon hospital admission and 1 week after admission.

2.3. Imaging Examination
MRI, DWI, and head and neck MRA/CTA examinations were completed within 1 week of onset. Patients were
divided into watershed and non-watershed infarction cases based on the cerebellar infarction location. Cerebellar
watershed infarctions included infarctions in the following watershed zones: between the superior cerebellar and
posterior inferior cerebellar arteries; between the superior cerebellar and anterior inferior cerebellar arteries; and
between the anterior inferior cerebellar and posterior inferior cerebellar arteries. Cerebellar non-watershed infarctions included infarctions in the superior cerebellar, anterior inferior cerebellar, and posterior inferior cerebellar arteries. The patients’ head and neck blood vessels were examined using MRA or CTA. The results were
interpreted by two clinicians without the patients’ clinical data, and patients who had >50% of blood vessels
with stenosis were counted. The stenoses in the vertebrobasilar arterial system were divided into four types
based on the stenosis location: intracranial stenosis, extracranial stenosis, combined stenosis, and no detectable
vascular stenosis.

2.4. Statistical Analysis
The SPSS 16.0 software package was used for statistical analysis. The quantitative data were expressed as the
mean ± s; the groups were compared using a t-test with two independent samples; the categorical data were
compared using a χ2 test for two groups; and P < 0.05 indicated a statistically significant difference.
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3. Results
3.1. Patients’ Baseline Characteristics

We included 178 cases with a cerebellar infarction, and 42 cases (24%) had cerebellar watershed infarctions. No
significant differences in age, sex, or risk factors of stroke were found between the two groups of patients.
However, the time interval from onset to hospital admission was significantly longer for the watershed infarction group compared with the non-watershed infarction group (P < 0.01). For blood pressure at hospital admission, no significant difference was observed in the baseline diastolic blood pressure between the watershed infarction and non-watershed infarction groups, but the baseline systolic blood pressure was much lower in the
watershed infarction group compared with the non-watershed infarction group (P < 0.01). When admitted to the
hospital, the NIHSS score for the watershed infarction group was significantly lower compared with the nonwatershed infarction group (P < 0.01) (Table 1). After one week, the NIHSS score for the watershed infarction
group decreased from 2.33 ± 1.69 to 1.64 ± 1.19 (t = 2.166, P = 0.033), and the non-watershed infarction
group’s score increased from 4.21 ± 2.39 to 4.88 ± 4.44 (t = 1.593, P = 0.112), which indicates that a cerebellar
watershed infarction yields a good short-term prognosis.

3.2. Cerebellar Infarction Locations
Among the 42 patients with a cerebellar watershed infarction, 32 patients (76.2%) had a cerebellar watershed
infarction in the watershed zone between the superior cerebellar and posterior inferior cerebellar arteries (Figure
1); 8 cases (19.0%) had a cerebellar watershed infarction in the watershed zone between the anterior inferior cerebellar and posterior inferior cerebellar arteries (Figure 2); and 2 cases (4.8%) had a cerebellar watershed infarction in the watershed zone between the superior cerebellar and anterior inferior cerebellar arteries (Figure
3).
Among the 136 patients with cerebellar non-watershed infarctions, 67 cases (49.3%) had a superior cerebellar
artery infarction; 22 cases (16.2%) had an anterior inferior cerebellar artery infarction; and 47 cases (34.6%) had
a posterior inferior cerebellar artery infarction.
Table 1. Patients’ baseline characteristics.
Item

Watershed infarction
(n = 42)

Non-watershed infarction
(n = 136)

t value/χ2 value

P value

Age (year, x ± s)

68.2 ± 9.8

67.6 ± 9.2

0.702

0.338

Gender (male/female)

96/40

31/11

0.163

0.687

Hypertension

16 (38.1)

63 (46.3)

0.880

0.348

Hyperlipidemia

12 (28.6)

40 (29.4)

0.011

0.917

Diabetes

8 (19.0)

37 (27.2)

1.131

0.288

Hyperhomocysteinemia

12 (28.6)

35 (25.7)

0.133

0.716

Stroke risk factors (n, %)

Smoking

10 (23.8)

46 (33.8)

1.492

0.222

Time interval from onset to hospital
admission (h, x ± s)

36.69 ± 20.81

16.69 ± 8.23

9.164

0.000

Baseline systolic blood pressure
(mmHg, x ± s)

141.81 ± 25.84

161.06 ± 13.45

4.538

0.000

Baseline diastolic blood pressure
(mmHg, x ± s)

83.36 ± 15.20

86.31 ± 9.92

1.470

0.143

On hospital admission

2.33 ± 1.69

4.21 ± 2.39

4.729

0.000

1 week later

1.64 ± 1.19

4.88 ± 4.44

4.660

0.000

NIHSS score (score, x ± s)
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Figure 1. An infarction in the watershed zone between the superior cerebellar and posterior inferior cerebellar arteries. (A)
Case 1, a 70-year-old male with sudden dizziness, unsteady gait, and failure to walk on toes or heels during a physical examination. The sagittal T2-weighted image showed that the lesion was located at the border between the superior cerebellar
and posterior inferior cerebellar arteries; the lesion was wedge-shaped with the base proximal to the cerebellar surface, and
the tip pointed to the deep cerebellum; (B) The axial T2-weighted image revealed the wedge-shaped lesion was located in the
plane with the lower end of the pons; (C) DWI indicated that the lesion was an acute brain infarction; (D) A CTA of the neck
vessels showed moderate stenosis in the initial segment of the left vertebral artery (white arrow).

Figure 2. An infarction in the watershed zone between the anterior inferior cerebellar and posterior inferior cerebellar arteries. (A) Case 2, a 54-year-old male with sudden dizziness, unsteady gait, dysarthria during a physical examination, and right
limb ataxia. The sagittal T2-weighted image showed that the lesion was located at the border between the anterior inferior
cerebellar and the posterior inferior cerebellar arteries, and the lesion was wedge-shaped; (B) The axial T2-weighted image
revealed the wedge-shaped cerebellar lesion was in the plane with the medulla oblongata; (C) DWI showed that the lesion
was an acute brain infarction; (D) An enhanced MRA of the neck vessels revealed a severe stenosis in the right vertebral artery at the C5-C6 level (cervical 5 and 6) (white arrows).

Figure 3. An infarction in the watershed zone between the superior cerebellar and anterior inferior cerebellar arteries. (A)
Case 3, a 72-year-old female with sudden dizziness, slurred speech, ataxic dysarthria with a prosodic deficit during a physical examination, and left limb ataxia. The sagittal T2-weighted image showed that the lesion was located at the border between the superior cerebellar and anterior inferior cerebellar arteries; (B) The axial T2-weighted image showed that the lesion was located deep in the cerebellum in the plane with the pons; (C) DWI showed that the lesion was an acute brain infarction; (D) An enhanced MRA of the neck vessels revealed a moderate stenosis in the left vertebral artery at the C3 level
and severe stenosis in the intracranial segment of the right vertebral artery (white arrows).

3.3. The Relationship between the Cerebellar Infarction Location and Blood Vessels
The prevalence of vascular stenosis in cerebellar watershed infarction patients was 90.5% (38/42), which was
significantly higher than the 74.3% (101/136) rate of vascular stenosis in cerebellar non-watershed infarction
patients (χ2 = 4.929, P < 0.05). In addition, the prevalence of stenosis in the extracranial segment of the verte-
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brobasilar system was significantly higher in patients with a cerebellar watershed infarction than for patients
with a cerebellar non-watershed infarction (P < 0.01). The prevalence of intracranial stenosis and no detectable
vascular stenosis were significantly lower in patients with a cerebellar watershed infarction than in the cerebellar
non-watershed infarction group (P < 0.05), and the combined stenosis prevalence was not significantly different
between the two groups (P > 0.05) (Table 2).

4. Discussion
We performed imaging for the 178 admitted cases with a cerebral infarction. For certain patients with a smaller
infarct size, the infarct area location was not within an artery that supplied blood to the cerebellum, but it was
localized at the border between two arteries, which is indicative of a cerebellar watershed infarction. Cerebellar
watershed infarctions can be divided into two types; one has wedge-shaped lesions that affect the cortex, and the
other is located deep in the cerebellum. A cerebellar watershed infarction is rarely observed in clinical practice,
and its incidence has not been reported. In our study, 24% of patients with a cerebellar infarction had watershed
infarctions. However, because patients with a cerebellar watershed infarction have significantly less severe
symptoms compared with other cerebellar infarction patients, certain cerebellar infarction patients might have
died before a vascular examination. Therefore, the cerebellar watershed infarction incidence may be lower than
this value.
Current studies on watershed infarction pathogenesis are based on a watershed infarction of the carotid system
[4]-[6]. Because a watershed infarction has been observed in patients with acute hypotension from abnormal
cardiac and pulmonary function [7] [8], early studies suggested that pathogenesis was related to low perfusion
conditions. Ultrasonographic and autopsy studies [9] [10] revealed that watershed infarct areas comprise many
microemboli, and most of the microemboli are derived from atherosclerotic plaques in the internal carotid and
middle cerebral arteries, which suggests a novel microembolism mechanism. It has also been suggested [11] that
hemodynamic abnormalities induced by aortic stenosis could cause decreased local cerebral perfusion pressure,
and microemboli accumulate in the vascular periphery, which cannot easily be washed away and generate an infarction in the watershed area. Further studies have classified watershed infarctions in the internal carotid artery
system as an internal watershed infarction (or subcortical watershed infarction) and a cortical watershed infarction. Modern imaging studies suggest that an internal watershed infarction is primarily caused by hypoperfusion
[12], while microembolism is the primary cause of a cortical watershed infarction [13]. For the relationship between watershed infarction and arteriosclerosis, studies outside China have suggested that an internal watershed
infarction is symptomatic of an internal carotid artery stenosis or occlusion, whereas domestic research indicates
that the most common cause of a cerebral watershed infarction is a cerebral artery stenosis or occlusion followed
by an internal carotid artery stenosis or occlusion. Yong et al. [14] found that 76.3% of internal watershed infarction patients had a severe (stenosis > 75%) internal carotid artery or middle cerebral artery stenosis, while
approximately 52.3% of cortical watershed infarction patients had a severe carotid artery or middle cerebral artery stenosis. Given the low incidence of cerebellar watershed infarction, no in-depth studies on its pathogenesis
have been performed. Our study focused on vascular anomalies in patients with a cerebellar watershed infarction
and explored its pathogenesis.
In our study, the prevalence of a vascular stenosis in cerebellar watershed infarction patients was 90.5%,
which is significantly higher than for non-watershed cerebellar infarction patients. Although they focused on
different arterial systems, our results revealed a significantly higher rate of vascular stenosis compared with
Yong et al. [14] because we set the criteria for vascular stenosis at >50%. For cerebellar watershed infarction
cases, the proportion with a stenosis in the vertebrobasilar extracranial segment was the highest (52.4%),
Table 2. Comparison of the vertebrobasilar lesion locations between cerebellar watershed and non-watershed infarctions.
Watershed infarction (n = 42)

Non-watershed infarction (n = 136)

χ2 value

P value

Intracranial stenosis (n, %)

6 (14.3)

46 (33.8)

5.924

0.015

Extratracranial stenosis (n, %)

22 (52.4)

22 (16.2)

22.603

0.000

Combined stenosis (n, %)

10 (23.8)

33 (24.3)

0.004

0.952

No detectable stenosis (n, %)

4 (9.5)

35 (25.7)

4.929

0.026
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which was higher than for extracranial vascular stenosis in non-watershed infarction cases. For non-watershed
infarction cases, an intracranial vascular stenosis was more common (33.8% of non-watershed infarction cases).
This value might be underestimated because only the superior cerebellar artery was strongly observed through
MRA or CTA examinations for the three blood vessels that supply the cerebellum, whereas the anterior inferior
cerebellar and posterior inferior cerebellar arteries were weakly observed. Certain patients without a detectable
vascular stenosis might have an occlusion in the anterior inferior cerebellar and posterior inferior cerebellar arteries based on the lesion distribution revealed by DWI. Therefore, we concluded that a stenosis in the vertebrobasilar extracranial segment was more common in patients with a cerebellar watershed infarction and that intracranial stenosis was more common in non-watershed infarction patients.
Our study showed that after hospital admission, patients with a cerebellar watershed infarction had a lower
systolic blood pressure than non-watershed infarction patients but did not present with hypotension. This may
have been observed because patients with a cerebellar watershed infarction have minor symptoms, patients with
minor symptoms often cannot be admitted to the hospital, and temporary hypotension can cause watershed infarction. Compared with a non-watershed infarction, patients with a cerebellar watershed infarction have a more
favorable prognosis. Among the cases included in our study, the vast majority of the cerebellar watershed infarction patients did not sustain disease progression after hospital admission, and no patients died. In contrast,
symptoms in certain patients with a cerebellar non-watershed infarction had progressed one week after onset,
and death was more common in patients with a posterior inferior cerebellar artery occlusion.
Causes for a brain infarction are complex and include the vascular factor, blood components, and brain perfusion. A brain infarction might result from a combined effect of these factors. Our study was limited because we
analyzed the vascular factor and did not further classify cerebellar watershed infarction into internal watershed
infarction and cortical watershed infarction given the small number of cases. Cortical watershed infarction
caused by unstable plaque on the artery wall without stenosis was liable to neglected in our study. Our study
showed that although patients with a cerebellar watershed infarction had mild symptoms and a good prognosis,
they also had a high prevalence of stenosis in major blood vessels, especially the extracranial segment in the
vertebral artery. Posterior circulation infarction has a high mortality rate, which suggests that once a cerebellar
watershed infarction is identified, examination of the extracranial vessels should not be neglected, and early intervention should be performed to avoid arteriosclerosis and aggravation into a life-threatening cerebral infarction.
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