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ABSTRACT

Background: We present five patients with remodeling of the adult circle of Willis in response to flow diverter
stents (FDSs) at the anterior communicating artery (AComA) and the posterior communicating artery (PComA).
The observed changes provide a paradigm of how flow change can institute anatomic changes in the adult circle
of Willis vasculature.

Case Description: In the first two cases, after placement of the FDS covering the AComA, there was an increase
in size and flow of the contralateral Al-anterior cerebral artery which had previously been hypoplastic. In one
of the cases, this led to the filling of the aneurysm and required placement of coils within the lesion which was
curative. In case three, the FDS effect led to asymptomatic occlusion of the PComA and associated aneurysm
without change of the ipsilateral P1-segement of posterior-cerebral-artery (P1-PCA) caliber. In the fourth case,
the FDS covering an aneurysm with a fetal PCA arising from its neck resulted in significant reduction of the
aneurysm size, persistent flow and caliber of the fetal PCA, and the hypoplastic ipsilateral P1-PCA. Finally, in the
fifth case, after FDS occlusion of the PComA and aneurysm there was increasement in diameter of the ipsilateral
P1-PCA that was previously hypoplastic.

Conclusion: The use of FDS can affect vessels covered by the device and other arteries of the circle of Willis
adjacent to the FDS. The phenomena illustrated in the hypoplastic branches appear to be a compensatory response
to the hemodynamic changes induced by the divertor and to the altered flow in the circle of Willis.
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INTRODUCTION

Flow diverters have been established as safe and first-line devices for carefully selected intracranial
aneurysms (IAs), representing more than a third of aneurysms treated in some centers.*! Although
initially approved for the treatment of large or giant aneurysms of the internal carotid artery
(ICA), the indications have widened to other locations.*'!! As flow diverter stents (FDSs) are used
in various anatomic positions within the circle of Willis, there are observed alterations in vessel
anatomy and flow.**) We present here a series of patients with aneurysms treated in the anterior
communicating segment and with origin of the posterior communicating artery (PComaA) that
illustrates the plasticity of the circle of Willis vessels in response to flow diverter placement.

This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others
to remix, transform, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
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CASES REPORTS
Patient 1

A 54-year-old man with anterior communicating
artery (AComA) IA was initially treated with a pipeline
flow-diverter implanted in the left anterior cerebral artery
(ACA), jailing the AComA. In the control of 12 months,
it was noted that the contralateral A1 segment of the ACA
(A1-ACA) was hypoplastic initially. This vessel increased in
diameter and recanalized the previously treated aneurysm.
This led to the decision to embolize AComA IA with coils,
accessing it through the contralateral ACA, which resulted in
complete obliteration of the lesion which has remained stable
in follow-up studies over 1 year [Figure 1].

Patient 2

A 71-year-old woman with AComA IA was treated with a
pipeline flow-diverter implanted in the left ACA from the
Al segment to the A2 segment, excluding the AComA. In
the follow-up control angiogram at 2 years after, it was noted
that the A1-ACA on the right had increased in diameter.
However, in this case, there was no recanalization of the IA,
which was completely obliterated [Figures 2 and 3].

Patient 3

A 61-year-old man with PComA A was treated with a
pipeline flow-diverter implanted in the left ICA, covering
the origin of the PComA. In the follow-up angiogram at
6 months, the IA and PComA were occluded. The patient
incurred no neurologic deficit which suggests increase flow
from the ipsilateral P1-segement of posterior-cerebral-artery

(P1-PCA) without change in its caliber by visual angiographic
analysis [Figures 4 and 5].

Patient 4

A 72-year-old woman with IA of PComA and hypoplastic
P1-PCA with a fetal type right PCA was treated with a
pipeline flow-diverter implanted in the right ICA, across
the origin of the PComA. In the follow-up angiogram at
8 months, it was noted that the IA had decreased in size
and the fetal PCA remained patent with the same caliber
emerging close to the IA neck. The left P1 segment of the left
PCA remained hypoplastic with the same caliber. The patient
had no neurologic deficits [Figures 6 and 7].

Patient 5

A 61-year-old woman was found incidentally with a left PComA
aneurysm on MRI during work-up for occipital neuralgia. On
physical examination, she was neurologically intact. Decision
was made to proceed with pipeline stent placement in the ICA
across the aneurysm neck. She tolerated the procedure well
with complete obliteration of her aneurysm at 2-year follow-up
magnetic resonance angiography. However, curiously, in this
follow-up examination, the left P1-PCA showed a significant
increase in caliber and filling. She remained neurologically
intact until her late follow-up at 2 years [Figures 8 and 9].

DISCUSSION

We have presented five patients that demonstrate different
patterns of arterial remodeling of the circle of Willis vessels
in adult patient response to flow diversion. These changes

Figure 1: (a) Initial cerebral angiography image demonstrating hypoplastic Al-anterior cerebral
artery (ACA) with minimal filling of right ACA (arrow). (b and c) Cerebral angiography image
performed 26 months after coils and pipeline. Note increased caliber of the right A1 and filling of the
ACA with a stable aneurysm occlusion (arrows). (d) Plain X-ray showing the flow diverter stents and
coils (arrow).
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Figure 2: (a) Initial cerebral angiography image demonstrating a hypoplastic right Al-anterior
cerebral artery (ACA) (arrow) without filling of the ipsilateral ACA. (b and ¢) Cerebral angiography
follow-up almost 24 months after placement of the flow diverter stents in the left A1-A2 shows
increased caliber of the right Al segment and now filling of the right ACA (arrow). The aneurysm
remained occluded (arrow). (d) Initial cerebral angiography image demonstrating the anterior
communicating artery aneurysm before treatment (arrow).
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Figure 3: (a) Schematic drawings of patients 1 and 2 showing the
anterior communicating artery aneurysm (white arrow) with its neck
related to the left A1-A2 anterior cerebral artery and a hypoplastic
right Al-anterior cerebral artery (black arrow) (b) Changes at the
follow-up represented by the flow diverter stents (FDS) placement
in the left A1-A2 with occlusion of the aneurysm sac (white arrow)
and increase in the caliber of the right Al-anterior cerebral artery
(black arrow) in response to the FDS (arrowhead) effect.

can be divided into two main phenomena: (1) in the AComA
circulation, a patient with a of hypoplastic or reduced-caliber
A1-ACA, can increase the caliber of this vessel in response
to having the contralateral ACA segment Al and A2 covered
by the flow diverter. (2) In the posterior circulation, patients
with hypoplastic or reduced-caliber P1-PCA or fetal PCA can
indeed have increase in the P1-PCA diameter of the vessel
after having the origin of the ipsilateral PComA covered by
the flow diverter in the ICA and also no neurological deficits
after coverage with or without a FDS, leading to occlusion of
the ipsilateral PComaA.

This phenomenon, which seems to be a compensatory
response to the decrease in flow in arteries that emerge

from the segment implanted with the flow diverter, is not
new in this article, as it has already been reported by other
authors.®! However, something unprecedented for us was
to observe these compensatory mechanisms in previously
hypoplastic segments vessels in the circle of Willis.

In trying to understand more about vascular remodeling
responses, two main types of studies have tried to address
changes after placement of a flow diverter. Several studies
have analyzed the artery adjacent to the device.20101214
A few other studies have analyzed responses in the circle
of Willis and other vessels in response to flow diverter
placement.®7*16! The phenomena reported here in the
response of hypoplastic arteries make up one of the three
possible types of vascular response to the implantation of
flow-diverting stents, which is the increase in the diameter or
flow of the artery of the circle of Willis (A1-ACA or P1-PCA)
to compensate for the territory of the artery covered by the
device. This seems to be corroborated with the findings
of Cornelissen et al.¥! 2018 who found significantly lower
flows in the basilar artery in the presence of hypoplastic
P1-PCA, and higher in A1-ACA when there is a contralateral
hypoplastic segment. In addition, Narata et al,'” in 2018,
identified a marked correspondence between asymmetric
bifurcations and post device implantation caliber change,
as well as a greater impact on shear stress in the “jailed”
vessel when flow-diverters were implanted in asymmetric
bifurcations. Vedantam et al.,'® in 2015, studied clinical
outcomes associated with occlusion of supraclinoid ICA
branches after deployment of flow diverters and found that
arteries without substantial collaterals were more likely to
remain patent and, in cases where this collateral network
was substantial, occlusion would likely be asymptomatic.
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Figure 4: Patient 3 - (a) Coiled aneurysm before flow diverter stents (FDS) placement (arrow)
with the posterior communicating artery (PComA) originating from the aneurysm. (b) Follow-up
angiogram showing complete occlusion of the aneurysm (arrow) and PComA by the flow
diversion effect. (c) Plain X-ray images showing coils and flow diverter stent (arrows). (d) Vertebral
angiogram before internal carotid artery FDS placement showing a moderate size P1-segement of
posterior-cerebral-artery (arrow) and (e) post FDS with stable size (arrow).
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Figure 5: (a) Schematic drawing of patient 3 showing the posterior
communicating artery (PComA) aneurysm (white arrow) and a left
hypoplastic P1 (black arrow) before the flow diverter stents (FDS)
late effect. (b) After late FDS (arrowhead) effect changes showing
occlusion of the aneurysm (white arrow) and adjacent PComA with
no significant visual increase in the diameter of the left P1-segement
of posterior-cerebral-artery (black arrow).

Figure 6: Patient 4 — (a) Large bilobulated internal carotid artery
aneurysm (arrow) with a fetal posterior-cerebral-artery (PCA)
arising from the sac adjacent to its neck. (b) Follow-up angiogram
showing significant reduction of the aneurysm sac (arrow) and
patency of the fetal PCA.

One theory for non-arteries, occlusion of vessels without
substantial collaterals, was that in these vessels, the pressure
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Figure 7: (a) Schematic drawing of patient 4 showing the
posterior communicating artery aneurysm with a fetal
posterior-cerebral-artery (PCA) arising close to its neck

(white arrow) and a left hypoplastic P1 (black arrow) before the late
flow diversion effect. (b) After late flow diverter stents (arrowhead)
effect changes showing a reduction of the aneurysm size with
patency and same size of the left fetal PCA (white arrow) and
hypoplastic left P1 (black arrow) at the follow-up.

Figure 8: Patient 5 - (a) MRA showing hypoplastic P1-segement
of posterior-cerebral-artery (P1-PCA) (arrow) and the left
supraclinoid internal carotid artery (ICA) aneurysm measuring
3.9 mm (arrowhead). Superior cerebellar artery (yellow arrow).
(b) Digital subtraction ICA angiogram in oblique view during
the endovascular procedure showing the left fetal PCA (arrow)
and the aneurysm (arrowhead) covered by the flow diverter stent.
(c) Follow-up MRA after ICA FDS placement with increase in the
size of the left P1-PCA (arrow) and filling of the ipsilateral PCA.
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Figure 9: (a) Schematic drawing of patient 5 showing the posterior
communicating artery (PComA) aneurysm (white arrow) and a left
hypoplastic P1 (black arrow) before the flow diverter stents (FDS)
late effect. (b) After late FDS (arrowhead) effect changes showing
occlusion of the aneurysm (white arrow) and adjacent PComA
with significant increase in the diameter of the left P1-segement of
posterior-cerebral-artery (black arrow).

gradient would be greater than in those with collaterals, thus
increasing the threshold for occlusion of these vessels. We
identify another type of response in the collateral circuits of
the circle of Willis. Thus, the lack of substantial collaterals, as
in hypoplastic A1-ACA or P1-PCA, in addition to increasing
the occlusion threshold of AcomA and PcomA, could also
favor the increase in flow and caliber of these previously
hypoplastic collaterals vessels. The other two responses
are better known phenomena - and include occlusion or
reduction of the artery covered by a flow diverter, or the
appearance of retrograde pial collaterals in cases of placement
of a device in more distal vessels such as the middle cerebral
artery bifurcation.

The findings of this study in addition to others raise
numerous questions on the subject including the precise
hemodynamic mechanisms responsible for remodeling as
well as the safety of treating patients with flow dependent on
the AComA or PComA with flow diversion. The type of flow
diverter used with different mesh density and design may
also influence the observed anatomic changes. Future studies
that hemodynamically compare these scenarios including
use of computational fluid analysis may bring more insight
on the subject.

CONCLUSION

The use of flow diverters can affect both vessels “jailed”
by the stent and other arteries of the circle of Willis,
leading to significant changes in the flow and size of these
vessels. These phenomena appear to be a compensatory
response to the hemodynamic changes induced by the flow
diversion. The issues raised, as well as the safety of treating
patients with certain vascular anatomy, require further
investigation.
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