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Abstract
Background: Interrupted blood �ow during ischemia can be compensated through collateral circulation
when a cerebral artery is severely stenotic or occluded. We suppose that potential collateral pathway may
exist in patients with vertebral artery occlusive disease (VAOD) around V4 segment due to the ipsilateral
posterior inferior cerebellar artery (PICA) is sometimes patented after VAOD in the V4 segment.

Methods: We retrospectively examined the medical database of 60 patients with VAOD admitted to the
Department of Neurology from the Sixth medical center of the Chinese People's Liberation Army General
Hospital and the Second A�liated Hospital of Qiqihar Medical University from June 2018 to November
2019. The pathways which supplied PICA were investigated by digital subtraction angiography (DSA).

Results: 18 patients were proximal to the exit point of the PICA among all 60 patients with VAOD in V4
segment cases, and 7 individuals (11.7%) had the collateral circulation pathway via the contralateral
vertebral artery (VA) ® vertebrobasilar junction ® ipsilateral VA ® ipsilateral PICA in the DSA.

Conclusions: There is an underestimated intracerebral collateral circulation pathway when VAOD from the
contralateral VA to the Ipsilateral PICA, we name this phenomenon "V4 segment steal."

Background
Interrupted blood �ow during ischemia can be compensated through collateral circulation when a
cerebral artery is severely stenotic or occluded (1, 2). Intracerebral vascular steal is now considered as a
paradoxical vasodilatory response by reducing cerebral blood �ow to adjacent impaired perfusion area.
Intracerebral vascular steal is now considered as a paradoxical vasodilatory response by reducing
cerebral blood �ow to adjacent impaired perfusion area. Arterial steal develops when a) blood pressure in
the ipsilateral artery decreases substantially, creating gradients from high to low pressure systems, and b)
adequate arterial or arteriolar anastomoses are present (3).Collateral circulation of cerebral arteries and
cerebral blood steal are closely related to the occurrence, development and prognosis of ischemic stroke
(4–6). Previous studies have indicated that the most common arterial steal pathways are subclavian
artery steal (7) and carotid artery steal (8–10). We suppose that potential intracerebral collateral
circulation pathway may exist in patients with vertebral artery occlusive disease (VAOD) around V4
intracranial segment due to the ipsilateral posterior inferior cerebellar artery (PICA) is sometimes patented
after VAOD in the V4 segment.

 

Methods
We retrospectively examined the medical database for patients admitted to the Department of Neurology
from the Sixth medical center of the Chinese People's Liberation Army (PLA) General Hospital and the
Second A�liated Hospital of Qiqihar Medical University from June 2018 to November 2019. From the
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database we found 60 patients with vertebral artery occlusive disease (VAOD) in the V4 segment that met
the criteria for severe stenosis or occlusion of cerebral artery developed by the North American
Symptomatic Carotid Endarterectomy (NASCET) cooperation group (11). We summarized their
examination results and images. Digital subtraction angiography (DSA) offered dynamic images of
vertebral artery intracranial and extracranial arteries and collateral circulation. Magnetic resonance
imaging (MRI) with the diffusion-weighted imaging (DWI) sequence detected if there were new onset PICA
territory infarcts, which met the criteria of New England Medical Center’s Posterior Circulation Stroke
Registry.

Results
Among the 60 VAOD in V4 segment cases, 18 were proximal to the exit point of the posterior inferior
cerebellar artery (PICA), and in seven (11.7%) we could observe the collateral circulation pathway via the
contralateral VA → vertebrobasilar junction → ipsilateral VA → ipsilateral PICA in the DSA (Fig. 1, 2).

All seven cases were males. Their mean (± SD) age was 60.3 (± 9.7) years. They all characterized by
dizziness and other symptoms of posterior cerebellar circulation ischemia (Table 1). DWIs from MRIs
suggested a new cerebral infarction in �ve cases, two of which led to contralateral posterior circulation
cerebral infarction, and one of which was directly related to the blood supply area of the PICA on the
affected side (12).
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Table 1
The summary of clinical data for the 7 patients of “V4 segment steal”

No. Age
ranges

gender phenotype infarction
distribution

offending vessels PICA
steal (or
V4
segment
steal)
syntrome

1 < 60 male intermittent
dizziness

No occlusion of the left vertebral
artery V1 segment, LVA V4
proximal, left internal carotid
artery, right middle cerebral
artery

No

2 ≥ 60 male intermittent
dizziness

No severe stenosis of the right
vertebral artery V1- V4
proximal and the basilar artery

No

3 < 60 male dizziness right
cerebellum

occlusion of the right vertebral
artery v1-v4

No

4 ≥ 60 male Paroxysmal
left
amaurosis,
cirop attack

bilateral
frontal
lobe

occlusion of the left vertebral
artery V1- V4 proximal, the
right vertebral artery V1 and
the common carotid artery left

No

5 ≥ 60 male Left limb
weakness
with
deviated
mouth

right
frontal
parietal
lobe

occlusion of the right vertebral
artery V4 proximal

No

6 < 60 male Paroxysmal
dizziness
with
bilateral
tinnitus

right
cerebellum,
right
occipital
lobe

severe stenosis of the left
vertebral artery V4 proximal
and right vertebral artery V1

Yes

7 ≥ 60 male Left vision
�eld loss,
Paroxysmal
dizziness

right
occipital
lobe

occlusion of the left vertebral
artery v1-v4

Yes

Discussion
Previous studies have shown that for one in �ve patients, cerebral infarction is caused by occlusion of the
posterior circulation artery and the V4 segment of the VA is one of the most common locations of
posterior circulation artery occlusion (13, 14). When occlusion occurred in the V4 segment of the VA,
different hemodynamic changes were observed depending on occlusion sites. In occlusions that occurred
distal to the PICA exit, the blood �ow supplying the cerebellar hemisphere and brainstem was antegrade,
as normal (15). However, if the occlusion occurred proximal to the PICA exit, in addition to the collateral
circulation between the superior cerebellar artery (SCA) and the PICA (16), retrograde blood �ow occurred
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in the segment of the ipsilateral VA distal to the PICA exit, coming from the contralateral VA. As this
conforms to the characteristics of “intracerebral steal,” we name this phenomenon “V4 segment steal.”

Speci�cally, we de�ne V4 segment steal as: when occlusion in the V4 segment occurs proximally to the
PICA exit, the signi�cant blood pressure gradient leads to retrograde blood �ow from the contralateral VA
through the junction of the vertebral basilar artery to the distal part of the ipsilateral VA. The V4 segment
steal develops whenever: a) occlusion of the V4 segment of the VA occurs proximally to the PICA exit; b)
the pathway from the contralateral VA to the ipsilateral PICA is patent; and c) a signi�cant pressure
gradient between the contralateral VA and the ipsilateral PICA is present. This retrograde blood �ow in the
distal part of the ipsilateral VA is visible on DSA.

It has been suggested that the term "vascular steal syndrome" be used only when diversion of �ow is
accompanied by symptoms of de�cient circulation and that "steal phenomenon" or "steal effect" be used
when the steal is asymptomatic (17). Common arterial steal syndromes include the subclavian artery
steal (18), the vertebrobasilar artery steal and the carotid artery steal (19–21). In our study, two of �ve
cases of new cerebral infarction were contralateral posterior circulation infarction. No obvious arterial
stenosis was directly related to the infarction in one patient, and in the other, severe stenosis was present
in the V1 segment of the contralateral VA. We hypothesize that the PICA of the ipsilateral VA occlusion
stole blood �ow from the contralateral VA, resulting in decreased blood �ow in the stolen artery, thus
leading to the occurrence of clinical ischemic events related to the stolen artery. We refer to this syndrome
as blood steal syndrome of the V4 segment of VA. Only one case of acute infarction in the ipsilateral
PICA occurred. We speculate that initiation of the V4 segment steal guarantees the blood supply source
of the PICA, leading to fewer cerebral infarctions in the lower part of the cerebellar hemisphere of the
medulla bulbar, the cerebellar tonsil and other important areas related to PICA (22, 23). Due to the small
sample size and the use of retrospective analysis, the results of this study are inevitably limited and need
to be con�rmed through further research.

Our study indicates it is crucial for clinicians treating a patient with a VA occlusion to evaluate whether
the occlusion site is located distal or proximal to the PICA exit, and whether the V4 segment steal is in
place, since this may affect whether the patient needs further invasive treatment. This knowledge will be
helpful when analyzing the clinical symptoms and prognosis of the patient and has important clinical
signi�cance.

Conclusion
There is an underestimated intracerebral collateral circulation pathway when VAOD from the contralateral
VA to the Ipsilateral PICA, we name this phenomenon “V4 segment steal.”

Abbreviations
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VA: vertebral artery; VAOD: vertebral artery occlusive disease; PICA: posterior inferior cerebellar artery;
SCA: superior cerebellar artery; DSA: digital subtraction angiography; MRI: magnetic resonance imaging;
DWI: diffusion-weighted imaging
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No. Age
ranges

gender phenotype infarction
distribution

offending vessels PICA
steal (or
V4
segment
steal)
syntrome

1 <60 male intermittent
dizziness

No occlusion of the left vertebral
artery V1 segment, LVA V4
proximal , left internal carotid
artery, right middle cerebral
artery

No

2 ≥60 male intermittent
dizziness

No severe stenosis of the right
vertebral artery V1- V4 proximal
and the basilar artery

No

3 <60 male dizziness right
cerebellum

occlusion of the right vertebral
artery v1-v4

No

4 ≥60 male Paroxysmal
left
amaurosis,
cirop attack

bilateral
frontal
lobe

occlusion of the left vertebral
artery V1- V4 proximal, the right
vertebral artery V1 and the
common carotid artery left

No

5 ≥60 male Left limb
weakness
with
deviated
mouth

right
frontal
parietal
lobe

occlusion of the right vertebral
artery V4 proximal

No

6 <60 male Paroxysmal
dizziness
with
bilateral
tinnitus

right
cerebellum,
right
occipital
lobe

severe stenosis of the left
vertebral artery V4 proximal
and right vertebral artery V1

Yes

7 ≥60 male Left vision
�eld loss,
Paroxysmal
dizziness

right
occipital
lobe

occlusion of the left vertebral
artery v1-v4

Yes

Figures
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Figure 1

The DSA of the contralateral VA shows the V4 segment steal. A-G represent patient1-7, respectively. The
arrow indicates the PICA.
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Figure 2

The DSA of the contralateral VA shows the V4 segment steal. A-G represent patient1-7, respectively. The
arrow indicates the PICA.
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Figure 3

DWI shows the acute infarctions of case 6 in the right cerebellum and right occipital lobe (A, B, red arrow),
of case 7 in the right occipital lobe (C, red arrow), of case 3 in the right cerebellum (D, red arrow).


