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Introduction

With the recent improvement of the techniques, armamen-
tarium and operator skills, a growing number of intracranial
aneurysms can be endovascularly treated; however, some
aneurysms, particularly those located on arterial bifurca-
tions, remain a challenge for the traditional endovascu-
lar techniques and demand a more complex approach [1].
Balloon remodeling and stent-assisted coiling have limita-
tions while being applied in the case of complex anatomy
[2]. More recently, dedicated devices such as the pPCONUS
(phenox, Bochum, Germany), the PulseRider (Pulsar Vas-
cular, Los Gatos, CA, USA) and the eCLIPs (Evasc Medi-
cal Systems, Vancouver, Canada) have entered the market.
These devices share the common feature of providing ex-
tra coverage at the aneurysm neck to prevent coil prolapse
into the parent vessel. Endoluminal flow diversion (FD)
appears to be a straightforward solution for complex and
unfavorable anatomy with good angiographic results and
acceptable complication rates; however, the fate of the cov-
ered branches and the delayed aneurysm occlusion are still
a major concern [3].

We present a case where the combination of a pCONUS2
neck-bridging device and p4A8MW Flow Modulation Device
were used for the treatment of a complex, wide-necked
aneurysm of the right middle cerebral artery (MCA).
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Case Report

A 72-year-old female patient was admitted for treatment
of an incidentally found aneurysm of the right MCA.
Magnetic resonance imaging (MRI) and digital subtrac-
tion angiography (DSA) examinations confirmed the MCA
aneurysm measuring 5.5x5mm with a neck width of
5.7mm. Aneurysmal irregularities with a secondary lobule
adjacent to the inferior trunk was also noted on the ro-
tational angiography and 3D reconstructions. The goal of
the treatment was the prevention of a future rupture of the
aneurysm. The lobulated irregularities of the aneurysmal
sac and the wide neck were a major concern. Microsurgical
clipping was recommended to and declined by the patient
but pCONUS-assisted coiling was considered feasible. The
intended treatment, together with potential alternatives,
respective chances, and risks were explained to the patient.
Informed consent was obtained in written form.

With the patient under general anesthesia and using
a standard right common femoral approach, an 8§ Fr Softip
guide catheter (Boston Scientific, Marlborough, MA, USA)
was tracked into the right internal carotid artery. Initially,
the aneurysm was catheterized using a Prowler Select
Plus microcatheter (Cerenovus, Irvine, CA, USA), and
a pCONUS2 4-15-6mm was then deployed but not de-
tached. A SL10 microcatheter (Stryker Neurovascular, Fre-
mont, CA, USA) was then navigated inside the aneurysm
though the pCONUS2 and subsequent coiling was initiated;
however, due to the dense coil packing inside the main sac
of the aneurysm, the secondary lobule adjacent to the infe-
rior trunk remained untreated. Neither coil protrusion nor
evidence of thrombus formation were observed on the final
angiography. Finally, the pCONUS2 was electrolytically
detached (Fig. 1).

Follow-up angiography performed 2 months later showed
stable occlusion of the main aneurysmal sac with persistent
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Fig.1 First stage of the endovascular treatment of a complex middle cerebral artery (MCA) bifurcation aneurysm. The angiographic working
projection (left anterior oblique a) shows the anatomical details of the aneurysm. Rotational digital subtraction angiography (DSA) with 3D
reconstruction (b) confirmed the presence of focal irregularities (superior arrow) and a secondary lobule (inferior arrow) adjacent to the inferior
trunk, together with the unfavorable dome-to-neck ratio. Catheterization of the aneurysmal sac was carried out under road map guidance (c). The
crown of the pCONUS?2 device was deployed with the petals placed across the aneurysmal neck (arrow in d, e). Note the radiopacity of the device
(arrows at the level of the crown, distal and proximal markers) as shown in this single shot fluoroscopic image (f). The petals of the device (g)
provided enough protection for both the neck and the branches while coiling the aneurysm. A final DSA run at the end of the procedure (h),
confirmed the sufficient occlusion of the aneurysmal sac. The small lobule adjacent to the inferior trunk of the MCA was still present at the final

DSA run

perfusion of the lobule adjacent to the inferior trunk. In this
situation, there was little reason to assume that the rupture
risk of this aneurysm had been completely eliminated by
the first treatment, as the literature suggests that irregular
surface and daughter sacs are associated with a higher risk
of rupture [4]. The size of the lobule was also a matter of
concern as a conservative approach is usually advocated for
aneurysms below Smm in diameter; however, in clinical
practice patients with aneurysmal subarachnoid hemor-
rhage (aSAH) in small aneurysms are routinely observed.
Bender et al. [5] observed in a 25-year study including 1306
patients with an aSAH that the majority and increasing pro-
portion of ruptured aneurysm were small or very small with
an increase in the percentage of aneurysms <5mm from
29% to 50%. These data together with the fact that older
patients have a higher risk of unfavorable clinical outcome
after aSAH [6] were explained in detail to the patient and
relatives. A second treatment was accordingly offered to
and accepted by the patient. Due to the presence of the
pCONUS?2 device a microsurgical option was rejected. An
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endovascular-endosaccular option was not appealing due
to the small size and the sharp angle with the parent vessel.
Instead, endoluminal FD offered a good risk/benefit ratio
according to our experience. Currently available studies
also indicated that these devices may have higher benefits
due to lower rates of aneurysm recurrence rate compared
to both simple coiling and stent-assisted techniques [7, 8].

In a second treatment session an access to the aneurysm
was again achieved via the right ICA. The inferior trunk of
the right MCA was catheterized and a Prowler Select Plus
(Cerenovus) was tracked distally through the pCONUS?2.
Subsequently, a 3mmx 18 mm p48MW was carefully de-
ployed into the inferior trunk and proximally in the right M1
segment. Correct and complete expansion of the pASMW
was confirmed under pulsed fluoroscopy. After total deploy-
ment, the proximal portion of the device showed a slight
“fish mouth” appearance with incomplete wall apposition.
Navigation with the microcatheter through the p48MW par-
tially resolved the proximal collapse. In order to avoid any
potential problem, a second pA8MW (3mmx 12mm) was
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Fig.2 Second and final stage of the endovascular treatment of a complex MCA bifurcation aneurysm. Working projection showing stable occlu-
sion of the main aneurysmal sac with persistent perfusion of the lobule adjacent to the inferior trunk (a). Distal and straightforward navigation (b)
of the microcatheter used for the pA8MW deployment was achieved. The first low-profile flow modulation device p48MW 3/18 was carefully
loaded and positioned inside the microcatheter at the level of the right MCA (c), following by complete deployment of the FD (d), which expanded
properly inside the crown of the pCONUS2 device with slight “fish mouth” appearance proximally (d, arrow). Note the partial resolution of the
“fish mouth” while applying only gentle massage with the microcatheter (e, arrow). The implantation of the second p4A8MW (3/12) completely
resolved the proximal narrowing of the first FD (f), while adequate vessel apposition was achieved. A final DSA run at the end of the procedure
confirmed the patency of both flow diverters and the parent arteries (g). The 12-month follow-up imaging (h) demonstrated the complete and
definitive occlusion of the target aneurysm. Note the patency of the implanted pCONUS2 device and both pASMW

implanted proximally in an overlapping way. The final DSA
run demonstrated the patency of all branches with no throm-
boembolic complications (Fig. 2).

Both procedures were well tolerated by the patient, and
the neurological status was unchanged from baseline each
time. Follow-up angiography at 12 months showed com-
plete exclusion of the aneurysm from the circulation, in-
cluding the small lobule adjacent to the inferior trunk, and
patency of all branches, including the jailed superior trunk.

Discussion

Dangerous aneurysmal flow changes and related hemody-
namic patterns may result in shape changes of the aneurys-
mal sac. The presence of a number of geometric features,
such as irregularities, focal bulging or lobulation, are con-
sidered as predictors of aneurysmal rupture [9, 10]. De-

spite the plethora of available endovascular techniques, such
as balloon remodeling [11], stent-assisted coiling [12] or
waffle-cone technique [13] treating aneurysms with un-
favorable dome-to-neck ratio and/or incorporated efferent
branches remains challenging to the neurointerventionalist
[14]. Recently, several devices aiming specifically at deal-
ing with these aneurysms have been introduced, including
the PulseRider [15], eCLIPs [16], and pCONUS [17] de-
vices. These devices share the common feature of providing
extra coverage at the aneurysm neck to prevent coil pro-
lapse into the parent vessel. Intrasaccular flow disruptors,
such as the WEB (MicroVention, Aliso Viejo, CA, USA)
present also an alternative for the treatment of wide-necked
aneurysms [18]. Flow diversion is being increasingly used
to treat bifurcation aneurysms. In cases of MCA bifurcation
aneurysms, FD treatment is feasible with good angiographic
results and acceptable complication rates; however, com-
pared to the results of other endovascular techniques and
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Fig. 3
a pCONUS?2 bifurcation device implanted with its petals at the level
of the “aneurysmal” neck. A pASMW 2/15mm is deployed through
the pCONUS2 from the “inferior MCA trunk” to the “M1 segment”.
There is only a small amount of metal connecting the six petals with
the shaft of the p48. This allows the uncompromised expansion of the
flow diverter

Glass model of an MCA bifurcation aneurysm showing

to surgery, total occlusion seems to be less frequent [3, 19,
20]. Most of these new tools available on the market target
the temporary or permanent reconstruction of the aneurys-
mal neck [21, 22], the parent artery or both but in certain
scenarios, alternative or combination techniques are manda-
tory to secure the patency of the incorporated branches and
deal with the troublesome anatomy.

This case represents a situation where a pCONUS2 de-
vice [23] was successfully used to protect the incorporated
efferent branches in a MCA bifurcation aneurysm during
coiling. Secondly, the implantation of the pASMW low pro-
file FD [24] over the neck and across the pCONUS2 re-
sulted in a significant hemodynamic change, reconstructing
the MCA bifurcation and redirecting the blood flow away
from the aneurysm in the intended fashion.

The special design of the pCONUS2 allow the com-
bination with the p48MW while providing the same coil
retention that the pCONUSI offers (Fig. 3). No technical
difficulties were encountered during microcatheter naviga-
tion through the pCONUS2. The radial force of the pASMW
allowed adequate wall apposition of the device during de-
ployment.

It is believed that the combined use of the pCONUS2
for assisted coil occlusion together with an endoluminal FD,
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such as p48MW, allows an improved treatment for selected,
complex bifurcation aneurysms; however, a true bifurcation
flow diverter might have the potential to facilitate this kind
of treatment even more.

Compliance with ethical guidelines

Conflict of interest M. Aguilar-Perez has a proctoring and consulting
agreement with phenox GmbH. H. Henkes is co-founder and share-
holder of phenox GmbH and femtos GmbH. A. Sirakov and M. Al-
Matter declare that they have no competing interests.

Open Access This article is distributed under the terms of the
Creative Commons Attribution 4.0 International License (http://
creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a
link to the Creative Commons license, and indicate if changes were
made.

References

1. Brown RD Jr, Broderick JP. Unruptured intracranial aneurysms:
epidemiology, natural history, management options, and familial
screening. Lancet Neurol. 2014;13:393-404.

2. Wang F, Chen X, Wang Y, Bai P, Wang HZ, Sun T, Yu HL. Stent-as-
sisted coiling and balloon-assisted coiling in the management of in-
tracranial aneurysms: A systematic review & meta-analysis. J Neu-
rol Sci. 2016;364:160-6.

3. Michelozzi C, Darcourt J, Guenego A, Januel AC, Tall P, Gawlitza
M, Bonneville F, Cognard C. Flow diversion treatment of complex
bifurcation aneurysms beyond the circle of Willis: complications,
aneurysm sac occlusion, reabsorption, recurrence, and jailed branch
modification at follow-up. J Neurosurg. 2018;21:1-12.

4. Lall RR, Eddleman CS, Bendok BR, Batjer HH. Unruptured in-
tracranial aneurysms and the assessment of rupture risk based on
anatomical and morphological factors: sifting through the sands of
data. Neurosurg Focus. 2009;26:E2.

5. Bender MT, Wendt H, Monarch T, Beaty N, Lin LM, Huang J,
Coon A, Tamargo RJ, Colby GP. Small aneurysms account for
the majority and increasing percentage of aneurysmal subarach-
noid hemorrhage: a 25-Year, single institution study. Neurosurgery.
2018;83:692-9.

6. Ohkuma H, Shimamura N, Naraoka M, Katagai T. Aneurysmal sub-
arachnoid hemorrhage in the elderly over age 75: a systematic re-
view. Neurol Med Chir (Tokyo). 2017;57:575-83.

7. Malhotra A, Wu X, Miller T, Matouk CC, Sanelli P, Gandhi D.
Comparative effectiveness analysis of Pipeline device versus coil-
ing in unruptured aneurysms smaller than 10 mm. J Neurosurg.
https://doi.org/10.3171/2018.8.JNS181080

8. Malhotra A, Wu X, Brinjikji W, Miller T, Matouk CC, Sanelli P,
Gandhi D. Pipeline Endovascular Device vs stent-assisted coiling
in small unruptured aneurysms: a cost-effectiveness analysis. Neu-
rosurgery. 2019;85:E1010-9.

9. de Rooij NK, Velthuis BK, Algra A, Rinkel GJ. Configuration of
the circle of Willis, direction of flow, and shape of the aneurysm
as risk factors for rupture of intracranial aneurysms. J Neurol.
2009;256:45-50.

10. Schneiders JJ, Marquering HA, van den Berg R, VanBavel E,
Velthuis B, Rinkel GJ, Majoie CB. Rupture-associated changes of
cerebral aneurysm geometry: high-resolution 3D imaging before
and after rupture. AJNR Am J Neuroradiol. 2014;35:1358-62.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3171/2018.8.JNS181080

Complex Wide-necked and Lobulated Aneurysm of the Middle Cerebral Artery Bifurcation

637

11.

12.

13.

14.

15.

Pierot L, Cognard C, Spelle L, Moret J. Safety and efficacy of
balloon remodeling technique during endovascular treatment of in-
tracranial aneurysms: critical review of the literature. AJNR Am J
Neuroradiol. 2012;33:12-5.

Piotin M, Blanc R, Spelle L, Mounayer C, Piantino R, Schmidt
PJ, Moret J. Stent-assisted coiling of intracranial aneurysms: clini-
cal and angiographic results in 216 consecutive aneurysms. Stroke.
2010;41:110-5.

Horowitz M, Levy E, Sauvageau E, Genevro J, Guterman LR,
Hanel R, Wehman C, Gupta R, Jovin T. Intra/extraaneurysmal
stent placement for management of complex and wide-necked-
bifurcation aneurysms: eight cases using the waffle cone technique.
Neurosurgery. 2006;58(4 Suppl 2):ONS-258-62; discussion ONS-
262.

De Leacy RA, Fargen KM, Mascitelli JR, Fifi J, Turkheimer L,
Zhang X, Patel AB, Koch MJ, Pandey AS, Wilkinson DA, Griauzde
J, James RF, Fortuny EM, Cruz A, Boulos A, Nourollah-Zadeh E,
Paul A, Sauvageau E, Hanel R, Aguilar-Salinas P, Novakovic RL,
Welch BG, Almardawi R, Jindal G, Shownkeen H, Levy EI, Sid-
diqui AH, Mocco J. Wide-neck bifurcation aneurysms of the middle
cerebral artery and basilar apex treated by endovascular techniques:
a multicentre, core lab adjudicated study evaluating safety and
durability of occlusion (BRANCH). J Neurointerv Surg. 2019;11:
31-6.

Spiotta AM, Derdeyn CP, Tateshima S, Mocco J, Crowley RW,
Liu KC, Jensen L, Ebersole K, Reeves A, Lopes DK, Hanel RA,
Sauvageau E, Duckwiler G, Siddiqui A, Levy E, Puri A, Pride L,
Novakovic R, Chaudry MI, Turner RD, Turk AS. Results of the AN-
SWER trial using the PulseRider for the treatment of broad-necked,
bifurcation aneurysms. Neurosurgery. 2017;81:56-65.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Chiu AH, De Vries J, O’Kelly CJ, Riina H, McDougall I, Tippett
J, Wan M, de Oliveira Manoel AL, Marotta TR. The second gener-
ation eCLIPs Endovascular Clip System: initial experience. J Neu-
rosurg. 2018;128:482-9.

Sorenson TJ, Iacobucci M, Murad MH, Spelle L, Moret J, Lanzi-
no G. The pCONUS bifurcation aneurysm implants for endovas-
cular treatment of adults with intracranial aneurysms: a systematic
review and meta-analysis. Surg Neurol Int. 2019;10:24.

Klisch J, Sychra V, Strasilla C, Liebig T, Fiorella D. The woven en-
dobridge cerebral aneurysm embolization device (WEB II): initial
clinical experience. Neuroradiology. 2011;53:599-607.

Shapiro M, Shapiro A, Raz E, Becske T, Riina H, Nelson PK.
Toward better understanding of flow diversion in bifurcation
aneurysms. AJNR Am J Neuroradiol. 2018;39:2278-83.

Bhogal P, AlMatter M, Bizner H, Ganslandt O, Henkes H, Aguilar
Pérez M. Flow diversion for the treatment of MCA bifurcation
aneurysms—a single centre experience. Front Neurol. 2017;8:20.
Henkes H, Weber W. The past, present and future of endovascular
aneurysm treatment. Clin Neuroradiol. 2015;25(Suppl 2):317-24.
Khattak YJ, Sibaie AA, Anwar M, Sayani R. Stents and stent
mimickers in endovascular management of wide-neck intracranial
aneurysms. Cureus. 2018;10:e3420.

Lylyk P, Chudyk J, Bleise C, Sahl H, Pérez MA, Henkes H,
Bhogal P. The pCONus2 neck-bridging device: early clinical ex-
perience and immediate angiographic results. World Neurosurg.
2018;110:e766-75.

Bhogal P, Bleise C, Chudyk J, Lylyk I, Viso R, Perez N, Henkes
H, Lylyk P. The p48mw flow diverter—initial human experience.
Clin Neuroradiol. 2019 Aug 21. https://doi.org/10.1007/s00062-
019-00827-8. [Epub ahead of print]

@ Springer


https://doi.org/10.1007/s00062-019-00827-8
https://doi.org/10.1007/s00062-019-00827-8

	Complex Wide-necked and Lobulated Aneurysm of the Middle Cerebral Artery Bifurcation
	Introduction
	Case Report
	Discussion
	References


