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Cerebral collateral circulation in 
experimental ischemic stroke

Background
Cerebral collateral circulation could be a subsidiary tube network that is dynamically 
recruited once blood vessel occlusion and should give residual blood flow to anemia areas. 
Cerebral collateral flow throughout acute ischemia is extremely variable among completely 
different people and is rising as a robust prognostic issue either in random stroke patients 
or in patients treated with intra-blood vessel rtPA or endovascular recanalization medical 
care. Experimental stroke models might play a vital role for a deeper understanding of 
the adaptation and modulatory mechanisms of cerebral collateral circulation. This might 
promote the change of location development of a replacement stroke medical care, 
supported the therapeutic modulation of collateral flow within the hyper acute section of 
ischemia before recanalization therapies [1].

Here, we tend to review the present strategies for assessing cerebral collaterals throughout 
acute ischemia and therefore the most promising collateral therapeutic methods, 
specializing in experimental stroke models.

Cerebral Collateral Circulation in Humans and Rodents
Many similarities, with some notable variations, exist between humans and rodents in 
term of cerebral col- lateral circulation. The circle of Willis includes the anterior arteria 
communicants in humans, whereas this vessel is completely absent in rodents, whose 
proximal segments of anterior cerebral arteries (ACA) converge to create one single 
median artery referred to as Azigos ACA. Just in case of occlusion of cervical arteries, the 
circle of Willis represents a antagonistic system to chop-chop redistributing blood flow in 
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each species. In rodents, the pterygopalatine 
artery originates from the proximal internal 
arteria (ICA) and provides extracranial 
collateral connections between carotid 
artery and ICA via several blood vessel 
branches to facial, orbital and membrane 
districts. In each humans and rodents [2], 
every arteria provides blood flow to its 
tube territory ramifying on the plant tissue 
surface to create a pial arterial blood vessel 
network, making conjunction connections 
among completely different tube territories, 
referred to as leptomeningeal anastomoses 
(LMAs). LMAs area unit largely developed 
between plant tissue branches of middle 
arteria (MCA) and ACA or posterior arteria. 
just in case of proximal occlusion of a arteria, 
dynamic blood flow diversion through these 
anastomoses might give residual (retrograde) 
blood flow to the plant tissue surface of the 
occluded artery territory, distally from the 
occlusion.

Assessment of Cerebral Collateral Flow in Acute 
Stroke Patients

The anatomy of cerebral collaterals in acute 
stroke patients will be assessed victimization 
standard digital sub- traction X-ray 
photography (DSA), CT X-ray photography 
(CTA) or man X-ray photography (MRA), 
whereas their practical performance will be 
studied through tissue introduction analysis, 
via CT and man introduction techniques (PCT 
and PWI). At present, there’s no agreement 
in clinical observe on that imaging ought to 
be performed, once stroke and that patients 
would profit most from cerebral collateral 
imaging. DSA is that the gold commonplace 
for evaluating the achievement of cerebral 
collaterals, however it’s invasive and 
frequently reserved for patients elect for 
endovascular procedures. CTA is ready to 
produce direct visual image of collateral 
flow once blood vessel occlusion. However, 
if imaging acquisition is finished before the 
distinction arrives within the leptomeningeal 
vessels; there’s a risk to underestimate the 
$64000 extent of collaterals [3]. Recently, 
point in time CTA techniques are developed 
to deal with this issue.  Percent permits 
finding out the performance of collateral 
flow, that is indicated by preserved or 
increased cerebral blood volume (CBF) and 
increased mean transit time. Multimodal MRI 
pro- vides variety of tools to assess collateral 
flow, though with some limitations. MRA 

will verify alterations of cerebral circulation 
at intervals massive cerebral arteries, with 
less abstraction resolution compared to CTA. 
aptitude pictures on man area unit able to 
show tube hyper intensities distal to AN 
occluded arteria, thanks to the presence of 
a slow, retrograde blood flow in collateral 
vessels. PWI might assess the performance 
of collateral flow, showing cerebral tissue 
with comparatively preserved CBF and 
prolonged blood transit time. Blood vessel 
spin-label- ling MRI will find brain regional 
hypo introduction and probably determine 
the presence of leptomeningeal col- lateral 
routes [4].

Assessment of Cerebral Collateral Flow in 
Experimental Stroke Models

In experimental stroke models, each the 
location and also the length of blood vessel 
occlusion are controlled. Continuous or 
perennial assessment of cerebral collateral 
flow may well be performed, together with 
pre-stroke assessment. For these reasons, 
presymptomatic analysis might play a 
vital role for a deeper understanding of 
collateral response throughout cerebral 
anemia and promote the change of location 
development of collateral-based therapies 
[5]. However, each neural structure variations 
between totally different species and strains 
and inter-individual variability ought to 
be meticulously thought-about to attain 
effective leads to this field.

Although some techniques employed in 
stroke patients, like DSA or MRI, may well 
be employed in stroke models for assessing 
cerebral collateral flow, important limitations 
together with prices, supply and low spatial 
resolution forestall their widespread use. a 
neater assessment of collateral blood flow 
with nice spatial and temporal resolution 
are often achieved mistreatment optical 
imaging and intromission watching in 
experimental stroke models. Optical device 
speckle distinction imaging (LSCI) provides 
maps of animal tissue blood flow, derived 
from the blurring of the speckle distinction 
pattern of a coherent lightweight (laser) 
that is scattered by the motion of red blood 
cells (RBC) once directed to the animal tissue 
surface. Full-field imaging of the animal 
tissue surface and nearly time period data 
concerning blood flow in each surface vessels 
and parenchyma are obtained. A so window 
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is typically performed, though acquisition 
through intact bone is on paper attainable 
in mice. LSCI was employed in gnawing 
animal models of MCA occlusion (MCAO) to 
check changes in regional cerebral blood 
flow (CBF) and also the dynamic response 
of LMAs to the vascular occlusion [6]. 
When thromboembolic MCAO, blood flow 
institution through pial arteria anastomoses 
was right away evident, suggesting a prompt 
pathophysiological achievement of the 
collateral circulation, conjointly continuous 
when twenty four h. In another study, 
LMAs right away provided blood flow when 
permanent MCAO and were classified in 
persistent, impermanent and transient on the 
premise of their dynamic changes. Though’ 
the speckle distinction values are indicative 
of blood corpuscle motion, they’re ultimately 
associated with their speed or flow, with 
the precise relationship still indefinite. For 
this reason, LSCI are often accustomed live 
relative blood flow changes, instead of for its 
absolute quantification.

In distinction to LSCI, 2 gauge boson optical 
device scanning micros- copy (TPLSM) is AN 
optical technique providing quantitative 
live of blood flow rate and direction in 
single vessels, with depth resolution up 
to one metric linear unit. Single arterioles, 
venules and capillaries of each surface and 
underwater vasculature are resolved when 
injection of dextran conjugated with a dye 
[7]. A so window is needed and scanning 
procedure is long. Collateral response when 
occlusion of each pial and penetrating 
arteriole in rats was studies mistreatment 
TPLSM.

Cerebral Collateral Flow as Stratification 
Consider Neuroprotection Studies

Despite over a thousand supposed 
neuroprotective agents obtained promising 
leads to experimental stroke models, 
no productive translation has occurred 
within the phase-3 stroke clinical trials 
performed up to now. Poor methodology 
of presymptomatic studies, together with 
study style, heterogeneousness of stroke 
models and stroke severity, time window, 
drug targeting, effective dose-finding and 
outcome assessment has been advocated 
together of the most reasons of this failure in 
translation.

A well-recognized limitation of 

presymptomatic stroke models is outcome 
variability, notably relating to infarction size 
that is that the most ordinarily used primary 
outcome. During a recent meta-analysis of 
502 management teams in presymptomatic 
stroke experiments [8], the typical infarction 
size constant of variation was concerning half-
hour. the matter with high outcome variability 
is that a better range of Animals is required 
to urge an adequate applied mathematics 
power, that is problematic from each AN 
moral and economical purpose of read. 
The variability of cerebral hemodynamics 
throughout anemia has been for the most 
part neglected in presymptomatic analysis, in 
addition because the influence of medicine 
on CBF. Watching CBF, together with cerebral 
collateral flow, could facilitate to find indirect 
neuroprotective effects in pre- clinical studies 
and predict outcome variability between 
treatment teams. Equally to humans, the 
practical performance of collateral circulation 
throughout cerebral anemia displays inter-
individual variability in rodents. Our cluster 
showed that the practical performance of 
the cerebral collaterals throughout MCAO 
in rats, assessed mistreatment multi-site 
LDF watching, foreseen infarction size and 
practical outcome a lot of accurately than 
standard intromission deficit within the 
anemia core. Any experiments mistreatment 
an equivalent methodology, during a series 
of forty five untreated animals, confirmed a 
extremely important correlation of collateral 
flow throughout MCAO and stroke outcome 
[9].

Acute Therapeutic Modulation of Cerebral 
Collateral Flow

Intravenous lysis with rtPA inside four 5h 
from symptom onset and endovascular 
extirpation inside six h from symptom onset 
are presently the most effective therapeutic 
choices for acute CVA. Sadly, recanalization 
isn’t perpetually productive and [10], even 
once achieved, is also futile due to delayed 
reperfusion, trauma transformation, re- 
occlusion or vascular collapse downstream. 
Vascular aspects on the far side the occlusion 
are typically neglected. However, modulating 
collateral blood flow so as to reinforce or 
maintain intromission to the anemia shadow 
might represent a brand new therapeutic 
strategy for the hyper acute section, 
notably if applied before recanalization or 
neuroprotective therapies. though totally 
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different methods may well be accustomed 
modulate cerebral collateral flow throughout 
acute CVA, in depth analysis is required in 
each animal models and stroke patients to 
ascertain the most effective approach in term 
of benefit-to-risk magnitude relation [11].

Conclusions
A restricted range of clinical and 
presymptomatic stroke studies centered 
on cerebral collateral circulation. Generally, 
neuroprotective effects are being wanted, 
whereas the contribution of collateral blood 
flow isn’t thought-about or simply inferred. 
Presymptomatic stroke analysis has the 
potential to directly study the adjective 
capability and modulatory mechanisms of 
cerebral collateral flow throughout focal 
cerebral anemia, mistreatment totally 
different ways and in numerous experimental 
conditions. These presymptomatic efforts are 
seemingly to be worthy and will manufacture 
helpful change of location ideas and direct 
comparisons of the various methods to 
reinforce cerebral collateral flow, together 
with some therapeutic approaches that 
didn’t prove productive in past clinical trials 
conducted within the prethrombolysis era.

References
1.	 Campbell BC, Christensen S, Tress BM et al. Failure of 

collateral blood flow is associated with infarct growth in 
ischemic stroke. J Cereb Blood Flow Metab. 33, 1168–
1172 (2013).

2.	 Shuaib A, Butcher K, Mohammad AA et al. Collateral 
blood vessels in acute ischaemic stroke: a potential 
therapeutic target. Lancet Neurol. 10, 909–921 (2011).

3.	  Maas MB, Lev MH, Ay H et al. Collateral vessels on CT 
angiography predict outcome in acute ischemic stroke. 
Stroke.40, 3001–3005 (2009).

4.	 Kaschka IN, Kloska SP, Struffert T et al. Clot burden 
and collaterals in anterior circulation stroke: differences 
between single-phase CTA and multi-phase 4D-CTA. 
Clin Neuroradiol. 23, 161-164 (2004).

5.	 Donahue J, Wintermark M, Ha YS et al.  Perfusion CT 
and acute stroke imaging: foundations, applications, and 
literature review. J Neuroradiol. 42, 21–29 (2015). 

6.	 Kinoshita T, Ogawa T, Kado H et al. CT angiography 
in the evaluation of intracranial occlusive disease with 
collateral circulation: comparison with MR angiography. 
Clin Imaging. 29, 303–306 (2005).

7.	 Kim SJ, Ha YS, Ryoo S et al. Sulcal effacement on fluid 
attenuation inversion recovery magnetic resonance 
imaging in hyperacute stroke: association with collateral 
flow and clinical outcomes. Stroke. 43, 386–392 (2012).

8.	 Nicoli F, Lafaye de Micheaux P. Perfusion-weighted 
imagingderived collateral flow index is a predictor of 
MCA M1 recanalization after i.v. thrombolysis. AJNR 
Am J Neuroradiol. 34, 107–114 (2013).

9.	 Hartkamp NS, van Osch MJ, Kappelle J et al. Arterial 
spin labeling magnetic resonance perfusion imaging in 
cerebral ischemia. Curr Opin Neurol. 27, 42–53 (2014).

10.	 Wu B, Wang X, Guo J et al. Collateral circulation 
imaging: MR perfusion territory arterial spin-labeling 
at 3T. AJNR Am J Neuroradiol. 29, 1855–1860 (2008).

11.	 Howells DW, Porritt MJ, Rewell SS et al. Different 
strokes for different folks: the rich diversity of animal 
models of focal cerebral ischemia. J Cereb Blood Flow 
Metab. 30, 1412–1431 (2010).

https://journals.sagepub.com/doi/abs/10.1038/jcbfm.2013.77
https://journals.sagepub.com/doi/abs/10.1038/jcbfm.2013.77
https://journals.sagepub.com/doi/abs/10.1038/jcbfm.2013.77
https://www.sciencedirect.com/science/article/abs/pii/S1474442211701958
https://www.sciencedirect.com/science/article/abs/pii/S1474442211701958
https://www.sciencedirect.com/science/article/abs/pii/S1474442211701958
https://www.ahajournals.org/doi/full/10.1161/STROKEAHA.109.552513
https://www.ahajournals.org/doi/full/10.1161/STROKEAHA.109.552513
https://link.springer.com/article/10.1007/s00062-014-0359-6
https://link.springer.com/article/10.1007/s00062-014-0359-6
https://link.springer.com/article/10.1007/s00062-014-0359-6
https://www.sciencedirect.com/science/article/abs/pii/S0150986115000048
https://www.sciencedirect.com/science/article/abs/pii/S0150986115000048
https://www.sciencedirect.com/science/article/abs/pii/S0150986115000048
https://www.sciencedirect.com/science/article/abs/pii/S0899707105000318
https://www.sciencedirect.com/science/article/abs/pii/S0899707105000318
https://www.sciencedirect.com/science/article/abs/pii/S0899707105000318
https://www.ahajournals.org/doi/full/10.1161/STROKEAHA.111.638106
https://www.ahajournals.org/doi/full/10.1161/STROKEAHA.111.638106
https://www.ahajournals.org/doi/full/10.1161/STROKEAHA.111.638106
https://www.ahajournals.org/doi/full/10.1161/STROKEAHA.111.638106
http://www.ajnr.org/content/34/1/107.short
http://www.ajnr.org/content/34/1/107.short
http://www.ajnr.org/content/34/1/107.short
https://journals.lww.com/co-neurology/Abstract/2014/02000/Arterial_spin_labeling_magnetic_resonance.8.aspx
https://journals.lww.com/co-neurology/Abstract/2014/02000/Arterial_spin_labeling_magnetic_resonance.8.aspx
https://journals.lww.com/co-neurology/Abstract/2014/02000/Arterial_spin_labeling_magnetic_resonance.8.aspx
http://www.ajnr.org/content/29/10/1855.short
http://www.ajnr.org/content/29/10/1855.short
http://www.ajnr.org/content/29/10/1855.short
https://journals.sagepub.com/doi/abs/10.1038/jcbfm.2010.66
https://journals.sagepub.com/doi/abs/10.1038/jcbfm.2010.66
https://journals.sagepub.com/doi/abs/10.1038/jcbfm.2010.66

