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Editorial on the Research Topic

The role, pathophysiology, and clinical benefit of collateral circulation in

acute and chronic ischemic stroke

Ischemic stroke remains one of the leading causes of mortality and disability worldwide,

posing an urgent challenge for medical science. The intricate interplay between cerebral

perfusion and neural function underscores the need for comprehensive insights into stroke

pathophysiology. Recent advancements in neuroimaging and therapeutic interventions

have rekindled interest in collateral circulation, a natural compensatory mechanism that

assumes paramount importance in the context of ischemic stroke (1, 2). This Research

Topic delves into the multifaceted significance of collateral circulation in cerebral ischemia,

shedding light on its intricate mechanisms, clinical implications, and potential avenues for

therapeutic interventions (3, 4).

Collateral circulation transcends mere anatomical pathways; it embodies a dynamic

physiological response, and it refers to the intricate network of secondary vessels that

can reroute blood flow to ischemic brain regions when the primary arterial supply is

compromised. Notably, the extent and efficiency of collateral circulation vary greatly among

individuals, partially contributing to the heterogeneous outcomes observed in ischemic

stroke cases (5, 6).

The understanding of cerebral collateral circulation, starting from anatomy, its

development, and its role in acute or chronic ischemic stroke is essential when dealing with

this pathology. These aspects are useful both in common clinical practice as well as in clinical

research to increase the chance of a better outcome after a cerebral ischemic event (7–10).

In this Research Topic, Xiufu et al. present an interesting “Analysis of the influencing

factors of early neurological improvement after intravenous rt-PA thrombolysis in acute

anterior circulation ischemic stroke”. They demonstrate the effect of rt-PA intravenous

thrombolysis within the time window in patients with acute anterior circulation ischemic

stroke. Moreover, they argue that diabetes is the most important factor affecting the

clinical outcomes of acute anterior circulation ischemic stroke in patients, showing early

neurological improvement after intravenous thrombolysis with rt-PA.
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In their research on how “Cerebral blood flow velocity

progressively decreases with increasing levels of verticalization

in healthy adults. A cross-sectional study with an observational

design” Deseoe et al. show that in healthy adults there is a

significant, progressive drop in CBFV with progressive levels of

verticalization, using a dynamic protocol with 3–5minmaintaining

single positions. Mean differences in CBFV between consecutive

positions of head-up tilt ranged from −0.6 cm/s or −1.4% to −2.2

cm/s or −5.2%. At the same time, there was no relevant change

in CBFV from baseline to −5◦. This study was conceived as the

starting point for further investigations in patients with impaired

regulation of CBF. It is known that patients show impairments in

the regulation of CBF after stroke and that these impairments can

be predictive of worse functional outcomes.

A challenging endovascular treatment: “Case report: Flow

changes in routes of collateral circulation in patients with LVO

and low NIHSS: a point favor to treat” by dos Santos Neto et al.

highlights the importance of collateral flow in predicting stroke

outcomes and response to treatment. Patients with poor collaterals

may be more susceptible to early neurological deterioration and

may benefit from early intervention, even with a low NIHSS score.

In this report, the patient had compensatory collateral flow from

the circle of Willis but presented a neurological worsening and

failure in collateral flow, suggesting a need for urgent treatment.

This report focuses on the importance of close monitoring of

collateral flow and response to treatment in patients with LVO

stroke. An intensive transcranial Doppler monitoring strategy

could be useful in identifying patients who may benefit from

endovascular thrombectomy. Transcranial Doppler can provide

real-time information on changes in blood flow velocity and

collateral flow patterns, allowing for early detection of neurological

deterioration and prompt intervention.

Considering the patient holistically in the case of the ischemic

cerebral stroke means also evaluating the psychological aspect

associated with the disease, as demonstrated in the work by

Motolese et al. on “The role of neurophysiological tools in the

evaluation of ischemic stroke evolution: a narrative review”, in

which they evaluate how neurophysiological tools might still play

a role in the evaluation of stroke, even in the “Imaging is brain”

era. Neurophysiological tools are of great value for capturing

these changes over time thanks to the excellent time resolution,

allowing the longitudinal evaluation till the chronic phase, even if

the methodological heterogeneity of the literature has limited the

diffusion of techniques such as EEG or TMS in daily practice.

Neurophysiology and neuroimaging should be then considered

as complementary tools exploring the same event from two

different perspectives. This also regards the viability of penumbra

brain tissue during stroke and, indirectly, the blood flow status.

More studies are warranted to get a better insight into stroke

pathophysiology. This is of critical importance for developing a

tailored rehabilitation approach.

On the other hand, the study “Determinants of cerebral

collateral circulation in acute ischemic stroke due to large vessel

occlusion” by Sperti et al. evaluates a large cohort of patients (520)

with acute ischemic stroke and large vessel occlusion of anterior

circulation potentially eligible for endovascular treatment, in which

the authors investigated the associations between clinical factors

and collaterals and tested independent associations with logistic

(good vs. poor collaterals) and ordinal (collateral grade grouped,

Menon 0–2, 3, 4–5) regression analysis adjusting for age, sex,

stroke severity, and onset to CT time. Their findings suggest that

risk factors and demographics do not influence the development

of collateral circles, except for a negative relation with previous

ischemic events, assuming NIHSS as its surrogate.

Finally, Xu et al. in their “Quantitative assessment of collateral

time on perfusion computed tomography in acute ischemic stroke

patients” divide the parasagittal region of the ischemic hemisphere

into six pial arterial zones according to pial branches of the

middle cerebral artery. Within the 85 arterial zones with collateral

vessels, the receiver operating characteristic analysis was performed

to derive the optimal collateral time threshold for fast collateral

flow on perfusion computed tomography. The optimal collateral

time threshold for fast collateral flow on perfusion computed

tomography was a delay time of 4.04 s.

Author contributions

AA: Conceptualization, Investigation, Writing—original

draft, Writing—review and editing. AP: Writing—original draft,

Writing—review and editing. AB: Writing—original draft,

Writing—review and editing.

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

References

1. Campbell BC, Mitchell P, Kleing TJ, Dewey H, Churilov L, Yassi N, et al.
Endovascular therapy for ischemic stroke with perfusion-imaging selection. N Engl J
Med. (2015) 372:1009–18. doi: 10.1056/NEJMoa1414792

2. Alexandre AM, Valente I, Pedicelli A, Pezzullo AM, Colò F, Scarcia L, et al.
Mechanical thrombectomy in acute ischemic stroke due to large vessel occlusion
in the anterior circulation and low baseline National Institute of Health Stroke

Frontiers inNeurology 02 frontiersin.org

https://doi.org/10.3389/fneur.2023.1281009
https://doi.org/10.3389/fneur.2023.1149673
https://doi.org/10.3389/fneur.2023.1165484
https://doi.org/10.3389/fneur.2023.1178408
https://doi.org/10.3389/fneur.2023.1181001
https://doi.org/10.3389/fneur.2023.1230697
https://doi.org/10.1056/NEJMoa1414792
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Alexandre et al. 10.3389/fneur.2023.1281009

Scale score: a multicenter retrospective matched analysis. Neurol Sci. (2022) 43:3105–
12. doi: 10.1007/s10072-021-05771-5

3. Berkhemer OA, Fransen P, Beumer D, van der Berg LA, Lingsma HF, Yoo AJ, et al.
A randomized trial of intraarterial treatment for acute ischemic stroke. N Engl J Med.
(2015) 372:11–20. doi: 10.1056/NEJMoa1411587

4. Fukuda KA, Liebeskind DS. Evaluation of collateral circulation
in patients with acute ischemic stroke. Radiol Clin North Am. (2023)
61:435–43. doi: 10.1016/j.rcl.2023.01.002

5. Alexandre AM, Colò F, Brunetti V, Valente I, Frisullo G, Pedicelli A, et al.
Mechanical thrombectomy in minor stroke due to isolated M2 occlusion: a
multicenter retrospective matched analysis. J Neurointerv Surg. (2022) 12:jnis-2022-
019557. doi: 10.1136/jnis-2022-019557

6. Uniken Venema SM, Dankbaar JW, Lugt A, Dippel DW, Worp H. Cerebral
collateral circulation in the era of reperfusion therapies for acute ischemic stroke.
Stroke. (2022) 53:3222–34. doi: 10.1161/STROKEAHA.121.037869

7. Liebeskind DS, Saber H, Xang B, Jadhav AP, Jovin TG, Haussen H,
et al. Collateral circulation in thrombectomy for stroke after 6 to 24 hours
in the DAWN trial. Stroke. (2022) 53:742–8. doi: 10.1161/STROKEAHA.121.
034471

8. Bang OY, Goyal M, Liebeskind DS. Collateral circulation in ischemic
stroke: assessment tools and therapeutic strategies. Stroke. (2015) 46:3302–
9. doi: 10.1161/STROKEAHA.115.010508

9. Renieri L, Valente I, Dmytriw AA, Puri AS, Singh J, Nappini S, et al.
Mechanical thrombectomy beyond the circle of Willis: efficacy and safety of
different techniques for M2 occlusions. J Neurointerv Surg. (2022) 14:546–
50. doi: 10.1136/neurintsurg-2021-017425

10. Seyman E, Shaim H, Shenhar-Tsarfaty S, Jonash-Kimchi T, Bornstein
NM, Hallevi H. The collateral circulation determines cortical infarct
volume in anterior circulation ischemic stroke. BMC Neurol. (2016)
16:206. doi: 10.1186/s12883-016-0722-0

Frontiers inNeurology 03 frontiersin.org

https://doi.org/10.3389/fneur.2023.1281009
https://doi.org/10.1007/s10072-021-05771-5
https://doi.org/10.1056/NEJMoa1411587
https://doi.org/10.1016/j.rcl.2023.01.002
https://doi.org/10.1136/jnis-2022-019557
https://doi.org/10.1161/STROKEAHA.121.037869
https://doi.org/10.1161/STROKEAHA.121.034471
https://doi.org/10.1161/STROKEAHA.115.010508
https://doi.org/10.1136/neurintsurg-2021-017425
https://doi.org/10.1186/s12883-016-0722-0
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Editorial: The role, pathophysiology, and clinical benefit of collateral circulation in acute and chronic ischemic stroke
	Author contributions
	Conflict of interest
	Publisher's note
	References


