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Abstract: Vascular dementia (VaD), a cognitive disorder caused by cerebrovascular pathol-
ogies, is the most common cause of dementia in the elderly, being second only to 
Alzheimer’s disease. Researches have shown that adequate cerebral blood flow (CBF) is 
the first condition for maintaining the structural integrity and normal function of the brain, 
and VaD is generally considered to be resulted from neuronal loss due to reduced CBF. 
Collateral circulation, a compensation mechanism for CBF, provides an alternative vascular 
pathway for blood to reach ischemic tissues, which has been confirmed to be associated with 
better clinical outcomes of ischemic diseases. At present, considerable effort has been 
devoted to enhancing the functional prognosis of acute ischemic stroke by improving 
collateral circulation. Since ischemic stroke is the primary contributor to VaD, it is necessary 
to explore whether improving collateral circulation is beneficial to prevent or slow the 
progression of VaD. This article reviews the compensatory characteristics of different levels 
of cerebral collateral circulation, addresses the relationship between collateral circulation and 
VaD, and highlights that improving collateral circulation may be a potential adjunctive 
strategy in preventing and slowing the progression of VaD. 
Keywords: vascular dementia, cerebral blood flow, collateral circulation, pathology, 
precaution, palliation

Introduction
Vascular dementia (VaD), a term used to describe neurocognitive disorder, is widely 
regarded as a major contributor to the dementia after Alzheimer’s disease.1 Epidemiology 
shows that VaD accounts for at least 20% of dementia cases worldwide, and even reaches 
30% in Asia and developing countries.2 VaD results from different vascular etiologies 
such as cerebral atherosclerosis/artery damage, thrombosis, vascular stenosis, or occlu-
sion, which damage blood vessels in the brain and reduce cerebral blood flow (CBF), 
leading to secondary focal neuronal injury and tissue loss.3 Although the human brain is 
only 2–3% of the body mass, its metabolism is vigorous, consuming up to 20% of the total 
amount of oxygen and glucose contained in the blood.4,5 However, the amount of 
adenosine triphosphate stored in the brain is limited, so it must rely on the oxygen and 
nutrients delivered by the CBF to produce energy.6,7 When chronic hypoperfusion occurs 
in brain tissue, the rapid decline of CBF causes ischemia, hypoxia, and a series of injuries: 
(1) Hypoxia-induced oxidative stress leads to mitochondrial dysfunction, which directly 
damages neurons.8 (2) Oxidative stress also causes an imbalance in the ratio of 
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antioxidants and reactive oxygen species to damage vascular 
endothelium, glial and neurons, which leads to endothelial 
dysfunction, neurovascular decoupling, induced thrombosis 
and vasospasm, eventually narrowing the blood vessels and 
further reducing CBF.8,9 (3) Chronic cerebral hypoperfusion 
(CCH) is extremely prone to damage the periventricular white 
matter (WM), basal ganglia and hippocampus, leading to 
cognitive impairment.10 In summary, the continuous reduction 
of CBF aggravates cerebral ischemia-hypoxic damage, leads to 
neuronal death and cognitive decline, and ultimately contri-
butes to the occurrence and development of VaD.11 Therefore, 
adequate CBF is a primary condition for maintaining the 
structural integrity and normal function of the brain,7 and 
improving CBF may be an effective strategy for the prevention 
and treatment of VaD.

Collateral circulation is defined as a subsidiary network 
of vascular channels that provide nutrient perfusion to 
ischemic areas when the principal conduits cannot stabilize 
CBF.12 In recent years, there has been accumulating evi-
dence that collateral circulation is associated with the pro-
tection of ischemic brain injury.13–15 Enhancing collateral 
perfusion as an adjunctive strategy combined with throm-
bolysis and endovascular interventions is considered to play 
a potentially important role in the treatment of acute 
ischemic stroke.16 As we all know, ischemic stroke (IS) is 
a major risk factor for VaD, and its incidence impairs 
cognitive function.17 However, the benefits of collateral 
blood flow in cognitive function are not fully understood, 
so few studies have focused on its effect on VaD. In this 
review, we summarize the relationship between collateral 
circulation and the common pathological or pathophysiolo-
gical conditions in the course of VaD, and concentrate on 
the potential contribution of improving collateral circula-
tion in preventing and slowing the progression of VaD.

Different Levels of Collateral 
Circulation and Its Compensation 
Characteristics
Collateral circulation in the brain is usually divided into 
primary routes, ie, the Circle of Willis, secondary routes, 
eg, collaterals from the external to the internal carotid artery 
and leptomeningeal collaterals,18 and tertiary routes, eg, 
arteriogenesis and angiogenesis.19 The Circle of Willis, as 
the main form of arterial compensation, provides immediate 
diversion of CBF to ischemic regions through existing ana-
stomoses, which generally occurs after the sudden thrombo-
tic occlusion of the internal carotid artery.20 However, 

substantial variability exists in the size and degree of com-
pleteness of the Circle of Willis, and a complete circle is only 
in 42–52% of population.21 Secondary collaterals are pre-
sumed to be recruited once primary collaterals at the circle of 
Willis is insufficient to meet the need; for example, in the 
case of embolic occlusion of the middle cerebral artery, 
leptomeningeal anastomoses become the principal alterna-
tive pathways to supply blood flow.22 If the secondary com-
pensation is still insufficient, arteriogenesis and angiogenesis 
may begin to operate. Arteriogenesis can compensate for 
CBF not only acting in time but also more efficiently com-
pared to angiogenesis that occurs in a delayed fashion, while 
increases the total resistance of the vascular bed of the 
affected territory.23

Relevance of the Collateral 
Circulation to VaD
Collateral Circulation and 
Atherosclerosis
Different from a single disease, VaD is a group of con-
ditions with different pathological correlates, which 
involve different forms of cerebrovascular diseases, 
mainly including macrovascular diseases, and small ves-
sel diseases (SVD).24 Atherosclerotic stenosis of large 
arteries causes macroinfarction, infarction of major arter-
ial territories due to atherosclerotic thromboembolism 
and induces major stroke, while lacunar infarcts, micro-
infarcts and WM hyperintensities are mostly explained 
by progressive SVD.3 Atherosclerosis of the large 
arteries or SVD accounts for most of the burden of 
VaD and affects cognitive function.25,26 A recent cross- 
sectional study provides more evidence of a positive 
correlation between intracranial atherosclerotic stenosis 
and cognitive impairment after stroke.27 Collateral circu-
lation may counteract the potentially adverse effects of 
stenosis. In the study of systematic evaluation of collat-
erals on angiography in Warfarin–Aspirin Symptomatic 
Intracranial Disease, it was found that collateral circula-
tion is often observed with intracranial atherosclerosis at 
varying extents, and the extent of collateral flow is 
correlated with the percentage of stenosis, with more 
severe stenoses exhibiting greater compensation via 
collaterals.28 In another retrospective cohort study of 
patients with symptomatic intracranial stenosis and com-
promised antegrade flow, the results of composite flow 
assessment also showed that good collateral circulation 
was associated with favorable neurological outcomes.29
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Collateral Circulation and CCH
CCH, caused by SVD and atherosclerosis, is regarded as 
a major factor leading to cognitive decline and the 
degenerative process of VaD.30 In essence, CCH 
deprives oxygen and nutrients, ultimately leading to 
synaptic dysfunction and neuronal degeneration/loss.31 

CCH may stimulate the recruitment and regeneration of 
collateral circulation. In rats with bilateral common car-
otid artery occlusion, CCH promoted angiogenesis that 
paralleled recovery of blood flow in the later stage (from 
4 to 6 weeks) of surgery.32 Ipsilateral leptomeningeal 
collateral growth was observed in normotensive rats 
with unilateral common carotid artery occlusion.33 

Furthermore, clinically, due to CCH, cervical athero-
sclerosis may promote more extensive collateral circula-
tion in patients with IS.34,35 Effective collateral flow in 
carotid atherosclerotic stenosis patients was associated 
with the normalisation of territory arterial spin labelling 
perfusion territory after carotid endarterectomy.36

Collateral Circulation and Hemodynamic 
Impairment
Hemodynamic impairment is an important sign of cog-
nitive decline and plays an important role in the process 
of VaD.37 A meta-analysis of transcranial Doppler stu-
dies on cerebrovascular hemodynamics in VaD showed 
that hemodynamics in patients with VaD had 
a significant disturbance, compared with healthy elderly 
subjects.11 Collateral circulation has a significant influ-
ence on hemodynamic status.38 In the case of sympto-
matic intracranial atherosclerotic stenosis, the fractional 
flow at the lesion in patients with poor collateral circula-
tion was associated with the percentage of stenosis at the 
lesion, and conversely, with good collateral circulation 
was not related to the percentage of stenosis.39 In addi-
tion, improvement of collateral blood flow contributed to 
the improvement of increased oxygen extraction fraction 
in patients with carotid occlusion and no interval stroke 
during the hemodynamic impairment.40

Collateral Circulation and WM Lesions
Diffuse and focal WM lesions are a feature of VaD, 
which involves myelin loss, axonal abnormalities, arter-
iolosclerosis, and parenchymal changes resulting from 
lacunar infarcts, microinfarcts, microbleeds and perivas-
cular spacing.41,42 Diffuse and focal WM changes are 
described in neuroimaging as WM hyperintensities 

(WMH) on T2-weighted MRI or leukoaraiosis (LA) on 
computed tomography.43 LA typically affect the pre-
fronto-subcortical circuits, which may be responsible 
for some of the cognitive deficits usually associated 
with executive function.44 Poor collateral circulation of 
periventricular WM combined with diffuse cerebral 
ischemia seems to be the cause of LA, and poor recruit-
ment of collaterals is also associated with WMH.45,46 

Studies have shown that the severity of LA is linked to 
poor collateral grade, and good collateral grade is inde-
pendently associated with reduced LA volume.47

Collateral Circulation and Cognitive 
Dysfunction
The cognitive dysfunction of VaD is usually manifested as 
memory loss, attention, executive dysfunction, and so 
on.48 The regulation of CBF may affect cognitive function.49 

Despite collateral circulation compensated for reduced CBF, 
its effect on cognitive function remains controversial.50,51 

Recent studies have shown Prostaglandin E1 treatment can 
enhance CBF recovery in CCH by dilating blood vessels and 
sustaining angiogenesis, which is associated with the allevia-
tion of cognitive impairment in bilateral CCA occlusion rats.52 

Chronic remote limb ischemic conditioning may improve 
long-term CBF and long-term cognitive and motor functions 
by inducing angiogenesis and collateral remodeling.53 In addi-
tion, a prospective cohort, cross-sectional, single-center study 
provided more evidence that, during the two-year follow-up 
period, patients who had severe middle cerebral artery stenosis 
with “moderate” and “poor” leptomeningeal collateral status 
had function impairment in at least one cognitive domain, but 
for patients with “good” leptomeningeal collateral status, the 
cognitive function was not significantly affected.54 Another 
clinical study has reported that anterior communicating artery 
collaterals may benefit the selective attention function of 
patients with severe internal carotid artery.55

Potential Contribution of Improving 
Collateral Circulation in the Course 
of VaD
Good Prognosis of IS Reduces the Risk of 
VaD
Stroke can increase the risk of VaD that has been widely 
discussed.56 IS, a typical risk factor for VaD, accounts for 
87% of all strokes worldwide.57 There is evidence that 25– 
30% of IS survivors will develop VaD immediately (within 
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three months after stroke) or delayed (more than three 
months or after recurrent stroke).58 So, the prevention and 
management of IS are obviously expected to reduce the 
burden of VaD. At present, studies have confirmed that 
good collateral circulation can prolong the treatment time 
window of IS by slowing the loss of penumbra tissue, and 
decrease the risk of hemorrhagic transformation.59 Collateral 
circulation may also help in delivering more tissue plasmino-
gen activator to the position of occlusion, resulting in 
improved recanalization.60 Furthermore, collateral circula-
tion has been shown to be an important determinant of 
cortical infarct volume, and good or better collateral circula-
tion can alleviate the injury of hypoperfusion and reduce the 
infarct volume.61,62 Therefore, pretreatment of the collateral 
state is conducive to maintain the penumbra before recanali-
zation, inhibit the growth of the infarct core area and increase 
the success rate of recanalization to enhance the prognosis of 
IS to prevent IS from inducing VaD.13,63,64

Improvement of Pathological Conditions 
Slows the Progression of VaD
So far, there are still no FDA approved treatment options for 
VaD. Although measures such as blood vessel expansion, anti- 

thrombosis, anti-platelet aggregation, anti-oxidation, and 
enhancement of cholinergic have shown a certain extent of 
therapeutic effect, they are far from satisfying the needs of 
patients.65 A review of the above-mentioned convincing lit-
erature undoubtedly shows that collateral circulation is 
strongly associated with atherosclerosis, CCH, hemodynamic 
impairment, WM lesions and cognitive dysfunction, which are 
common in the pathophysiology of VaD. Not only that, it also 
suggests that good collateral circulation may have a positive 
effect on the fate of these typical pathological conditions of 
VaD. Therefore, we speculate that enhancing collateral circu-
lation may slow the progression of VaD via improving related 
pathological states and promoting CBF recovery to protect 
neurons and cognitive function. There is evidence that in the 
case of reduced tissue perfusion, inhalation of nitric oxide 
improves collateral blood flow by dilating cerebral resistance 
vessels, thereby significantly reducing ischemic brain injury 
and transforming into significantly improved neurological 
outcomes.66 Of course, merely enhancing collaterals may not 
be enough to completely save neuron loss and cognitive 
deficits after permanent ischemia. It may be used as an aux-
iliary strategy, combined with other strategies to produce 
cumulative effects in a synergistic form of treatment.

Figure 1 Improving collateral circulation contributes to preventing or slowing the progression of vascular dementia (VaD). On the one hand, improving collateral circulation 
can prevent VaD via compensating cerebral blood flow and enhancing the prognostic function of ischemic stroke, which involves prolonging the reperfusion treatment time 
window, reducing the infarct core volume, decreasing the risk of hemorrhagic transformation, delivering more tissue plasminogen activator, and increasing recanalization 
rate. On the other hand, enhancing collateral circulation can compensate cerebral blood flow to eliminate the adverse effects of atherosclerosis, chronic cerebral 
hypoperfusion and hemodynamic disorders, reduce white matter lesions, protect neurons, improve cognitive function, and slow the progression of VaD.
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Conclusions and Perspectives
Collateral enhancement may not only prolong the reperfu-
sion treatment time window of IS but also improve the 
therapeutic effect of thrombolytic drugs or intravascular 
intervention, thereby reducing the risk of IS developing 
into VaD; it may also reduce the contribution of athero-
sclerosis, CCH, hemodynamic damage, WM changes, and 
cognitive dysfunction to VaD (Figure 1). At present, some 
pharmacological or non-pharmacological interventions 
have also been developed to improve collateral circulation, 
such as inhaled nitric oxide,66 statins pretreatment,67 

TAO68 and RIPC.69 At the same time, the discovery of 
related targets that promote collateral circulation or induce 
natural collateral remodeling (eg endocan70 and PEDF71) 
has expanded the range of strategies to enhance collateral 
circulation. Considering the chronic development time 
frame of VaD, efforts are also needed to explore more 
collateral improvement strategies. More importantly, it is 
necessary to carefully design reasonable and rigorous trials 
to determine the contribution threshold of improving col-
lateral circulation combined with other neuroprotective 
strategies to prevent and slow the progression of VaD.
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