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a b s t r a c t 

The coexistence of severe extracranial large vessel stenosis and unruptured intracranial 

aneurysms is not rare. There are different treatment approaches for these conditions, such 

as initial treatment of the aneurysm before revascularization of the stenosis; single-stage 

endovascular treatment of both lesions; stenosis eliminating followed by treatment of the 

aneurysm, or without treating the aneurysm. But, taking into account the risk of aneurysm 

rupture on the one hand and the risk of ischemic stroke on the other, it is sometimes dif- 

ficult to choose the right management strategy. Despite this fact, there are still no guide- 

lines or consensus on the management of these coexistent lesions. The article describes 

a clinical case of endovascular treatment of multiple extracranial stenosis and coexistent 

unruptured wide-neck aneurysm of the middle cerebral artery. The endovascular treatment 

of the carotid stenosis and aneurysm using a woven endobridge device was performed in 
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one session; endovascular treatment of vertebral artery stenosis with Szabo technique was 

performed in another session. 

© 2020 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 
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Introduction 

The coexistence of severe extracranial large vessel stenosis
and an unruptured intracranial aneurysms (UIAs) is not
rare. According to different authors, the prevalence of such
combination ranges from 1% to 14.2% of total number of
patients with severe extracranial large vessel stenosis [1–6] .
There are different approaches for treatment of extracranial
large vessel stenosis and coexistent UIAs, such as initial
treatment of the aneurysm before revascularization of the
stenosis; single-stage endovascular treatment of both lesions;
stenosis eliminating followed by treatment of the aneurysm,
or without treating the aneurysm [7–19] . There are still no
neither guidelines nor consensus on the management of
these coexistent lesions. However, it is sometimes difficult to
choose the right management strategy, taking into account
the risk of aneurysm rupture on the one hand and the risk
of ischemic stroke on the other. Cerebral artery revascular-
ization causes hemodynamic changes, which could lead to
the aneurysm rupture as a result of increased wall share
stress [18 ,20–22] . Vice versa, the risk of perioperative cere-
bral ischemia increases during and after cerebral aneurysm
treatment without correction of significant extracranial large
vessel stenosis. This risk is mainly caused by decreasing the
intracranial hemodynamic reserve and reduction of perfusion
pressure during anesthesia [3 ,5 ,23] . Moreover, endovascular
aneurysm treatment in patients with carotid stenosis has its
own risks [17 ,18] . The mechanical interaction between the
access catheters and stenotic carotid plaque may increase
the risk of thromboembolic complications [24] . 

The article describes a clinical case of endovascular treat-
ment of multiple extracranial stenosis and coexistent un-
ruptured bifurcation aneurysm (WNBA) of the middle cere-
bral artery (MCA). The endovascular treatment of the carotid
stenosis and aneurysm using a woven endobridge device
(WEB) was performed in one session; endovascular treatment
of vertebral artery stenosis with Szabo technique was per-
formed in another session. 

Case report 

Patient Ch., male, 72 years old, severe smoker, complaints on
general weakness, headache, drop-attacks, severe dizziness,
loss of balance and coordination. 

The patient has a history of severe arterial hypertension. In
March 2019, speech impairment, right extremities weakness,
and numbness appeared and resolved within 2 hours. Patient
visited hospital 2 days later: Signs of ischemic stroke was not
defined on MRI. Duplex ultrasound scan (DU) revealed echolu-
cent plaque - type 1 in the bulb of left internal carotid artery
(ICA), which causes stenosis up to 60% (according to NASCET
criteria [25 ,26] ), and subtotal stenosis in the ostium of right
external carotid artery (ECA). Visualization of initial parts of
both vertebral arteries (VA) was not successful due to the loca-
tion behind the collarbones; however, linear blood flow veloc-
ity in both VA was significantly decreased (to 5 cm/sec). This
finding indirectly indicates a probability of severe stenosis in
the initial parts of both VA. Transient ischemic attack (TIA)
was diagnosed. Acetylsalicylic acid (ASA) 100 mg and atorvas-
tatin 40 mg were prescribed for stroke prevention. Endovascu-
lar neurosurgery was recommended for revascularization. But
the patient refused it. In 2 month there were several consec-
utive episodes of vertigo and drop-attacks. In 3 month speech
impairment and right extremities weakness appeared again
and resolved in hour. Patient visited the neurologist in 2 days
after this. MRI of brain did not determine any ischemic lesions.
Results of repeated DU of extracranial large vessel were equiv-
alent the results of previous DU. Repeated TIA affecting left
carotid territory was diagnosed. 

The patient admitted to neurosurgery department. Cogni-
tive impairment (Montreal Cognitive Assessment test [MoCA]
- 19 points [27] ) and coordination disorder were found upon
admission. 

Total selective cerebral angiography (CAG) confirmed mul-
tifocal stenotic lesions of extracranial large vessels ( Fig. 1 ): vul-
nerable plaque with ulceration in the bulb of left ICA, narrow-
ing the artery lumen up to 60% (according to NASCET criteria),
vulnerable plaque in lacerum, and cavernous segments of left
ICA without significant stenosis, subtotal stenosis of the os-
mium of right ECA, subtotal stenosis of the ostium of both VA,
70% stenosis of the initial part of left SCA. Moreover, angiogra-
phy demonstrated WNBA of M1-segment of left MCA. No coro-
nary arteries stenosis has been identified on the single session
coronarography. CT perfusion revealed significant differences
in perfusion maps between right and left hemispheres with
signs of hypoperfusion and prolonged transit time in the left
ICA blood supply ( Fig. 2 ). 

Given the obtained data: repeated TIAs; vulnerable plaque
in the bulb of left ICA; WNBA of M1-segment of the left MCA;
subtotal stenosis in the ostium of both VA; signs of hypoper-
fusion of left hemisphere CT perfusion; and old patient’s age,
endovascular treatment stage-by-stage was preferred. 

After analysis of three dimension angiography, optimal
WEB size SL 9 × 4 (MicroVention Inc., Aliso Viejo, CA) was se-
lected. The patient was prescribed double antiplatelet therapy
with ASA (100 mg/day) and clopidogrel (75 mg/day) a week be-
fore intervention. 

The first session was performed under general anesthesia
with vital signs continuous monitoring to prevent a drop of
arterial pressure. During the intervention, 5000 IU of heparin
was administered. A 6 Fr 90 cm Super Arrow-Flex Percuta-

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Fig. 1 – CAG revealed: Vulnerable plaque with ulceration in the bulbus of left internal carotid artery, narrowing the artery 

lumen up to 60% (according to NASCET criteria) (A,B,C,E), wide neck bifurcation aneurysm in the M1-segment of left middle 
cerebral artery (A,B,C,E,F,G), subtotal stenosis of the ostium of right vertebral artery (H), subtotal stenosis of the ostium of 
right external carotid artery (D), hypoplasia of left vertebral artery and subtotal stenosis of its ostium, 70% stenosis of the 
initial part of left SCA (I). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

neous Sheath (Teleflex Medical, Athlon, Ireland) was used for
transfemoral access to the left common carotid artery. Coax-
ial catheter platform: distal access catheter Sofia 5F 125cm
(MicroVention Inc., Aliso Viejo, CA), microcatheter VIA 27 (Mi-
croVention Inc., Aliso Viejo, CA) was navigated on the Trax-
cess 14 Guidewire (MicroVention Inc., Aliso Viejo, CA) through
the long sheath and through the stenotic lesion at the proxi-
mal ICA to the M1-segment of MCA. WEB SL 9 × 4 (MicroVen-
tion Inc., Aliso Viejo, CA) was implanted in the aneurysm
of MCA with excellent filling of aneurysm sac and with-
out stenozing of M1- and M2-segments on the control an-
giography ( Fig. 3 A-F). Then, a distal protection device Spider
FX (Medtronic, Plymouth, MN), was held on the Traxcess 14
Guidewire (MicroVention Inc., Aliso Viejo, CA) to the ICA above
the stenotic lesion and its filter was opened. A self-expanding
double-mesh carotid stent Casper RX 8 mm × 30 mm
(MicroVention Inc., Aliso Viejo, CA) was implanted across the
ulcerated plaque with postdilatation from 6 mm × 20 mm bal-
loon catheter Submarine (Medtronic, Plymouth, MN). Follow-
up angiography confirmed residual stenosis absence in the
left ICA bulb ( Fig. 3 G–H), excellent position of the WEB in the
aneurysm sac and revealed moderate contrast stagnation in
the aneurysm. Hemostasis of the femoral artery puncture site
was performed with Angio-Seal VIP Vascular Closure Device
6F (Terumo Medical Corporation, Somerset, NJ). There are no
any new neurological deficits after procedure. A day later MRI
confirmed the absence of “fresh” embolic foci of ischemia. The
patient was discharged with recommendation to continue in-
take of ASA (100 mg/day), clopidogrel (75 mg/day), and ator-
vastatin (40 mg/day) 

Drop-attacks, dizziness, balance, and coordination impair-
ment continued after intervention, but there were no more
TIA. In 3 months the patient was admitted for the second en-
dovascular treatment session. The procedure was performed
under conscious sedation and monitored by an anesthesiolo-
gist. During the intervention, 5000 IU of heparin was adminis-
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Fig. 2 – CT perfusion image shows marked reduction in blood flow to the left hemisphere: The difference in corresponding 
zones of right hemisphere reached 1.6 times (A). Mean transit time image of the CT perfusion study confirms markedly 

prolonged blood transit through brain tissue supplied by the left carotid artery (B). Cerebral blood volume remained within 

normal (C). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

tered. With usage of right-side transradial access through 6 Fr
10 cm Radifocus Introduser II (Terumo Medical Corporation,
Somerset, NJ) guiding catheter Launcher 6F 100 cm (Medtronic,
Plymouth, MN) was introduced to the right SCA on the level
of VA ostium. During scenting of ostium stenosis, for accurate
stent positioning the special anchor stenting technique (Szabo
technique) [28 ,29] was used . PT2 wire (Boston Scientific, MA)
was introduced in the right VA as a target wire for the balloon-
expandable stent and “anchor” wire – Cougar XT (Medtronic,
Plymouth, MN) was introduced through the right subclavian
artery to the aortic arch for the Szabo technique. The VA os-
tium lesion was predilated routinely with the Sprinter Legend
RX Balloon 3 mm × 10 mm (Medtronic, Plymouth, MN). Then,
one strut segment of the proximal stent cell of drug-eluting
balloon-expandable stent Onyx Resolute 5 mm × 12 mm was
gently flared by forceps. The outside end of the ‘‘anchor” wire
was introduced through the flared strut of the stent, and then
the lifted strut was pressed back into place. The target wire
was introduced through the stent/balloon system in the usual
way. The stent/balloon system was advanced into the initial
part of VA until the “anchor” wire stopped advancing. The
stent was deployed at a low pressure (6 atmospheres). Then,
after the balloon deflating and marker wire was withdrawn,
the stent was finally postdilated at a high pressure (10–12 at-
mospheres) ( Fig. 4 A-D). Follow-up angiography demonstrated
complete luminal reestablishment of VA with precise stent
positioning without exceeding prolapse to the SCA and good
filling of vertebrobasilar basin arteries including retrograde
filling of left V4-segment through the vertebrobasilar junction
( Fig. 4 E-F), left ICA without stenosis, left MCA aneurysm
complete occlusion ( Fig. 4 G-H). Hemostasis of the radial
artery puncture site was performed with TRAcelet Transra-
dial Compression Device (Medtronic, Plymouth, MN). There
are no any new neurological deficits after procedure. A day
later MRI confirmed the absence of “fresh” embolic ischemic
foci. The patient was discharged with recommendation to
continue intake of ASA (100 mg/day), clopidogrel (75 mg/day),
and atorvastatin (40 mg/day). The patient was examined in
3 months after intervention: drop-attacks, dizziness, bal-
ance and coordination impairment regressed, TIAs were not
observed. Cognitive functions much improved (MoCA - 26). 

The coexistence of severe extracranial large vessel stenosis
and an unruptured intracranial aneurysms 

Discussion 

Management of the patients with severe extracranial large
vessel stenosis and an unruptured intracranial aneurysms as-
sociated with the risk of aneurysm rupture and with the risk
of ischemic stroke during and after intervention. 

On the one hand, hemodynamic changes after cerebral
artery revascularization could increase aneurysmal wall share
stress and lead to the aneurysm bleed. On the other hand,
the risk of perioperative cerebral ischemia increases during
and after cerebral aneurysm treatment without correction of
significant extracranial large vessel stenosis. In the cases of
microsurgical treatment it can due to the decreased intracra-
nial hemodynamic reserve and a temporary reduction in per-
fusion pressure during anesthesia [18 ,20–22 ]. Risk of cere-
bral ischemia increases in the cases of endovascular treat-
ment of an aneurysm through untreated carotid stenosis due
to need for traverse of stenotic lesion and mechanical in-
teraction between the access catheters and stenotic plaque
[17 ,18 ,24] . 

There are different treatment approaches for treatment of
coexisting of extracranial large vessel stenosis and UIAs, but
there is no definite consensus on the management of these
coexistent pathology [7–19] . 

Therefore, the development of treatment strategy for
patients with such combined pathology is a difficult task.
An integrated approach with involvement of highly qualified
multidisciplinary team and using the latest developments of
interventional medicine is necessary. 
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Fig. 3 – The first session of endovascular treatment. 
Woven Endobridge Intrasaccular Device (WEB SL 9 × 4) (MicroVention Inc., Aliso Viejo, CA) was implanted in the aneurysm 

of left MCA with excellent filling of aneurysm sac and without stenosing of M1- and M2-segments of MCA. Contrast 
stagnation in the aneurysm sac was determined (A-F) 
A self-expanding double-mesh carotid stent Casper RX 8 mm × 30 mm (MicroVention Inc., Aliso Viejo, CA) was implanted 

across the ulcerated plaque in the left ICA with a distal protection device Spider FX (Medtronic, Plymouth, MN), and 

postdilatation from a 6 mm × 20 mm balloon catheter Submarine (Medtronic, Plymouth, MN). Follow-up angiography 

demonstrated optimal luminal reestablishment of the left carotid artery (G-H). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Considering the high risk of hyperperfusion during stent-
ing of both carotid and vertebral arteries in single session,
it is reasonable to start from one artery stenting (ICA in our
case) with initial endovascular treatment of the aneurysm in
the same session to prevent bleeding. 

WNBA is treatment challenge with either endovascular or
open surgical methods. Two variants of endovascular WNBA
treatment were considered. First variant, stent- and balloon-
assistant coiling techniques with jailing of microcatheter for
coiling, could be technically difficult and required to pass
the stenosis with a large-bore access catheters, what could
increase the risk of thromboembolic complications. Second
treatment variant, the use of intrasaccular device developed
specifically for the treatment of WNBA - WEB. It is signifi-
cantly more safe then other WNBA treatment approaches
[30] . Besides, for this method, coaxial catheter platform with
minimal outer diameter is required. This is allow to decrease
the mechanical interaction between the access catheters
and stenosing plaque, as a result, the risk of thromboem-
bolic complications is reduced. Therefore, in the presented
case, we gave preference and successfully applied this
method. 

Carotid artery stenting was performed in the same ses-
sion, after WEB was implanted in the aneurysm. The dou-
ble mesh carotid stent with distal embolic protection device
was used. Because the use of double mesh designed stent de-
creases the risk of periprocedural and postprocedural distal
embolism in the cases of high-risk plaque. The ICA plaque in
our patient considered high-risk due to ultrasound character-
istics: echolucent ulcerated vulnerable plaque [31] . 

Considering that stenosis of both VA remained and the lack
of blood supply persisted after the initial intervention, as evi-
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Fig. 4 – The second session of endovascular treatment. 
Intraoperative angiographic images: (A) subtotal stenosis in the ostium of right VA (A), Onyx Resolute 5 × 15 mm 

drug-eluting coronary stent (white arrow) was positioned in V1-segment of the right VA from its ostium using the Szabo 

technique: after placing a target wire (red arrows) in the distal vertebral artery, the anchor wire (black arrows) is positioned 

in the SCA, with the proximal end passing through the last cell of the stent as a retention marker to anchor the stent in 

position (B,C). Stent is implanted into initial part of VA without excessive protrudes into the SCA, without obvious 
deformation (D). Follow-up angiography demonstrated complete luminal reestablishment of VA with good filling of 
vertebrobasilar basin arteries including retrograde filling of V4-segment of left VA through vertebrobasilar junction (E-F) 
Control left carotid angiogram shown left ICA patency without stenosis, left MCA aneurysm complete occlusion (G-H). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

denced by the presence of drop attacks, dizziness, imbalance,
and coordination, it was decided to perform stenting of dom-
inant VA. 

Although VA ostium stenting is considered to be a safe
treatment option, high rates of restenosis and delayed stent
fractures remained [32–36] . Using of drug eluting stents de-
crease neointimal hyperplasia related in-stent restenosis in
VA. Using of the special anchor stenting technique (Szabo
technique) provides optimal plaque coverage, without exceed-
ing prolapse of stent struts to the SCA, what decreased the
risk of delayed stent fracture [37] . Consequently, stenting of VA
stenosis was performed with usage of above options as part of

the second phase of the intervention.  

 

Conclusion 

The proposed concept of endovascular treatment of multi-
ple extracranial large vessel stenosis and coexistent unrup-
tured WNBA allows to reduce perioperative risks and delayed
risks coming from each of coexistent pathology. All interven-
tions were performed successfully, the patient condition sig-
nificantly improved. 

In the cases of coexistence extracranial stenosis and
WNBA, usage of WEB device for aneurysm treatment with
follow carotid stenting in one session could be the method
of choice. Further stenting should be performed in the case
of persisting clinical symptoms indicating insufficient blood
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supply to the brain. Using the Szabo technique with short
drug-eluting balloon-expandable coronary stent for precise
VA ostium stenting and prevention delay in-stent restenosis
and stent fracture is quite encouraging. 

Taking into account the positive results obtained, it is nec-
essary to conduct larger studies to create recommendations
on the tactics of management such coexistent pathology. 
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