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Summary

Flow diverters (FDs) are increasingly used 
for complex intracranial aneurysms. As these 
self-expanding devices are deployed across an 
aneurysm neck, they can undergo deformations. 
The potential clinical consequences of FD de-
formations remain unclear. 

We describe an immediate thrombotic com-
plication attributed to a stereotypical stenotic de-
formation of an FD extremity that can occur 
when landing zones are of insufficient length. 
This case is supplemented with in vitro studies 
showing the relationship between i) the length of 
the landing zones and ii) discrepancies between 
the diameter of the device and recipient vessel, 
and the severity of FD stenosis. 

In vitro, a shorter landing zone was associated 
with a progressive stenotic deformation of the 
terminal ends of all FDs studied. This deforma-
tion was more pronounced when the diameter of 
the device was oversized compared to the size of 
the recipient tube. In our clinical case, the pres-
ence of this deformation led to an immediate 
thrombotic complication, requiring deployment 
of a second stent to correct the observed stenosis. 
In addition, treatment failure ultimately led to a 
fatal rupture, a failure that can be explained by 
residual flows through a more porous transition 
zone, another characteristic FD deformation 

which occurs when they are oversized as com-
pared to the parent vessel, but free to expand at 
the level of the aneurysm.

Proper selection of device diameter and length 
of the landing zone is important, and may de-
crease the incidence of deformation-related 
complications.

Introduction

Flow diverters (FDs) are increasingly used in 
the treatment of intracranial aneurysms 1-8. Cur-
rently available FDs are flexible self-expanding 
devices constructed by braiding metallic fila-
ments that can slide with respect to one another 
when devices are constrained to fit into a micro-
catheter. On deployment, the devices shorten as 
they are allowed to re-expand towards their un-
constrained initial shape and size. O ne advan-
tage of this design is that it permits the device to 
conform to the local arterial anatomy. However, 
in certain circumstances, this device expansion 
can lead to stereotypical deformations that have 
recently been characterized 3. 

When the device is oversized, i.e. its diameter 
is larger than the parent artery, it is free to ex-
pand in its mid-portion when it spans a large 
arterial defect, such as an aneurysm ostium. 
This expansion causes a fusiform deformation 
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duced in vitro and potentially prevented by 
careful sizing and provision of sufficiently long 
landing zones upon deployment of the device. 

Here, we describe a clinical case of a com-
plex aneurysm treated with a FD, where device 
deformation was associated with an immediate 
thrombo-embolic complication, a delayed re-
currence and fatal rupture of the aneurysm. 
The clinical case is supplemented by explana-
tory in vitro studies.

Case Report

A  70 year-old asymptomatic woman, diag-
nosed several years earlier with a 9 mm fusi-
form left supraclinoid carotid artery aneurysm, 

to develop, which is accompanied by a quantifi-
ably more porous transition zone at the junc-
tion between the expanded segment at the an-
eurysm ostium and the constrained segment at 
the proximal and distal landing zones of the de-
vice 3,4. This fusiform deformation and the po-
rosity alterations that accompany it can be re-
sponsible for treatment failure, as blood leaks 
into the aneurysm through the increased poros-
ity transition zone.

Furthermore, when the landing zone is short 
and the flow diverter oversized compared to 
the parent artery, the terminal extremity of the 
device can become conically deformed and a 
stenosis ensues 3. This stenosis may cause imme-
diate thromboembolic complications, as report-
ed here. T his stenotic problem can be repro-

Figure 1  A) Initial and B) 4-year follow-up angiography demonstrating interval growth of left supraclinoid carotid aneurysm. 
C) Coil embolization followed by deployment of a Silk flow diverter. Arrows show FD extremities. D) Lateral carotid angi-
ography 2 hours later showing thrombus on the proximal end of the Silk, which had become stenosed (E). F) Solitaire stent-
ing to correct proximal Silk stenosis.  Arrows in (E) show the diameter of stenosis of the proximal FD corrected by a Solitaire 
stent (arrows in F). G) Immediate post-treatment angiography. H) Follow-up angiography at 9 months, showing major sac-
cular recurrence with significant proximal in-stent stenosis. I) Balloon angioplasty followed by J) deployment of a second 
Silk flow diverter. K) Axial MRI sequences 2 months later demonstrating enlarging recurrence with peri-aneurysmal edema, 
which was followed by rupture and fatal re-rupture (J) two months later.
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USA) was inserted to densely pack the aneu-
rysm fundus while maintaining loose packing in 
the region of the neck. To deploy the FD, the 
left MCA  was catheterized with a V asco 21+ 
(Balt, Montmorency, France), and a 4 × 30 mm 
Silk (Balt, Montmorency, France) was deployed 
spanning the proximal M1 segment back to the 
distal ophthalmic segment of the carotid artery 
(Figure 1C).  The FD was seen to expand at the 
level of the aneurysm. A ntegrade blood flow 
through the device was maintained, and the 
procedure terminated. 

Approximately two hours following the in-
tervention, the patient suddenly became hemi-
paretic and aphasic. An urgent CT scan of the 
head was negative for hemorrhage thus the pa-
tient was taken back to the neurointerventional 
suite. A ngiography demonstrated a filling de-
fect at the proximal end of the FD, consistent 
with thrombus (Figure 1D). A  0.25 mg/kg (18 
mg) intra-arterial bolus of Abciximab (Reopro, 
Lilly, IN, USA) was followed by a 0.125 mcg/kg/
minute intravenous infusion for a total dose of 
27 mg. Close study of the images showed that 
the proximal FD was not properly apposed to 
the arterial wall, and the proximal landing zone 
of the FD was shortened to only 6-7 mm with 
an associated stenotic deformity (Figure 1E).  
Several attempts to catheterize the FD with a 
Rebar 21 microcatheter (ev3 Inc, P lymouth, 
MN, USA) and a Terumo 16 guidewire failed. 
On most occasions, the guidewire reached the 
aneurysm, passing between the proximal stent 
extremity and the wall of the carotid artery, be-
cause the end of the Silk was not fully opened. 
The lumen of the FD was finally catheterized, 
and a 4 × 20 mm Solitaire FR stent (Covidien, 
Irvine CA, USA) was deployed from the mid-
section of the FD to the proximal carotid artery 
and detached in situ. T he Solitaire stent im-
proved the diameter of the proximal Silk ex-
tremity from 3.2 to 3.9 mm (Figure 1F). The fi-
nal angiogram showed persistence of a small 
non-occlusive mural clot without distal emboli 
(Figure 1G). Post-procedure, the patient had a 
transient mild right hemiparesis and aphasia, 
with full recovery within two days. Delayed 
post-procedural imaging did not show any cer-
ebral infarction. She was discharged four days 
after her procedure, with dual antiplatelet ther-
apy, and at three months, her mRS score re-
mained at 0. 

Nine months later, the patient returned with 
left hemispheric T IAs. A ngiography revealed 
narrowing of the distal M1 segment of the Silk 

was subsequently found on surveillance imag-
ing to have an enlarging lesion with a new sac-
culation (Figure 1A,B). T he lesion had pro-
gressed to 18 × 13 mm with a 15 mm neck; the 
diameter of the ICA at the level of the ophthal-
mic artery was 3.9 mm, and the diameter of M1 
was 3.0 mm. She remained asymptomatic, but 
the change in morphology was felt to be suffi-
ciently concerning to warrant aneurysm treat-
ment with coiling of the sac and flow diversion. 
The patient was prepared with standard dual 
antiplatelet therapy (Clopidogrel 75 mg and 
ASA 80 mg) for five days. Testing for clopidog-
rel response was not performed. After femoral 
puncture, a 5000 IU heparin IV bolus was ad-
ministered and the A CT  kept above 300 sec-
onds throughout the procedure. Using a bal-
loon-assisted technique (4 × 20 mm Scepter 
balloon; Microvention, T ustin, CA, USA) and 
an Excelsior 1018 microcatheter (Stryker, K a-
lamazoo, MI, USA), a total of 167 cm of plati-
num coils (One Microplex 18 Cosmos and four 
Microplex 10 V FC; Microvention, T ustin, CA, 

Figure 2  A) The 4 × 30 mm Silk is constrained in a 2.5 mm 
silicone tube; despite the presence of a 6 mm landing zone, 
there is a 20% stenosis of the extremity of the device (as 
compared to tube diameter). B) The 4 × 30 mm Silk is con-
strained in a 3.5 mm silicone tube with a 3 mm length land-
ing zone, demonstrating a 40% eccentric stenosis. In this im-
age, note the increased porosity of the transition zone (ar-
row) compared to the adjacent compaction zone (CZ). 
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device, a 60% in-stent stenosis of the proximal 
segment of the construct, where the Solitaire 
and Silk overlapped, and a significant recur-
rence of the aneurysm (Figure 1H). T he leak 
was mainly located at the distal transition zone 
between the expanded and constrained seg-
ments of the construct. T he proximal stenosis 
was dilated using a 2.5 × 10 mm Gateway bal-
loon (Figure 1I); the M1 segment was re-cathe-
terized with a Vasco 21+ and an overlapping 3.5 
× 20 mm Silk deployed in stent-in-stent fashion 
(Figure 1J). Follow-up MRI-MRA  12 months 
after the initial procedure showed an increase in 
aneurysm diameter from 22 to 30 mm, accom-
panied by progressive surrounding parenchy-
mal edema (Figure 1K). Two weeks later, while 
in the pre-procedure area awaiting an angi-
ogram, the patient complained of a severe head-
ache, followed by right hemiplegia, aphasia, and 
a decrease in her level of consciousness. After 
confirming an intraparenchymal hemorrhage 
on CT  scan of the head, the patient was intu-
bated. She subsequently developed a fixed and 
dilated left pupil. Urgent surgical hematoma 
evacuation, combined with a large decompres-
sive craniectomy was performed, but the patient 
nonetheless died three days later (Figure 1L).

In Vitro Studies

Methods

A 4 × 30 mm Silk flow diverter, identical to 
the one initially used in the case reported, was 
first studied in vitro. To study the terminal por-
tion of the flow diverter, a segment of the de-
vice (the landing zone) was deployed into sili-
cone tubes of 2.0, 2.5 and 3.0 mm to simulate 
undersized arteries of various diameters, leav-
ing the rest of the FD free to expand uncon-
strained outside the tube. T he stent was pro-
gressively retrieved, thus shortening the land-
ing zone, and allowed to adapt to the geometry 
of the setup. For each new landing zone length, 
a scaled photograph of the terminal stent was 
taken using a stereo-microscope, and the diam-
eter of the terminal, in-tube portion of the de-
vice was measured. T he degree of terminal 
stent stenosis was determined by dividing the 
terminal stent diameter by the tube (vessel) di-
ameter, and was correlated to the length of the 
landing zone. To mimic the clinical case, similar 
experiments were performed in the presence of 
a curve. Finally, experiments were repeated us-

ing a 4 × 20 mm Pipeline Flow Diverter, a 3.75 
× 33 mm FRED Flow Diverter 36 and a 3.75 × 
32 mm FRED Flow Diverter 64 (all gifts from 
Microvention).

Results

A decrease in the length of the landing zone 
led to a decrease in the diameter of the termi-
nal portion of the FD, and therefore an increase 
in the percentage of terminal stent stenosis 
(Figure 2A,B). T his phenomenon was more 
pronounced in tubes of smaller calibre (Figure 
3A) and occurred with all of the braided FD 
devices studied (Figure 3B).

Figure 3  A ) G raph showing the relationship between the 
length of the landing zone and stent stenosis, when the Silk 
stent is constrained within tubes of various diameters. B) 
Graph showing the relationship between the length of the 
landing zone and stent stenosis, when various flow diverters 
are constrained within a 2 mm tube.
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the use of the stent was to mechanically correct 
the proximal stenosis of the flow diverter. 

Placement of coils within the fundus of an 
aneurysm prior to flow diversion has been pro-
posed to decrease the haemorrhagic risks that 
may be associated with flow diversion 13. Coil-
ing or even stenting may also offer some sup-
port to minimize the phenomenon of FD ex-
pansion, although in this case, coiling did not 
prevent deformation and stenosis.

It is tempting to correlate the failure of the 
aneurysm to become occluded with our in vit-
ro studies showing the constant presence of a 
more porous transition zone on each side of 
the zone which expands in a fusiform fashion 
(Figure 3B) 3. Admittedly, the second FD de-
ployed at the time of retreatment did not fully 
cover the distal transition zone of the first FD 
(the device did not reach M1) because we were 
concerned regarding the amount of metal be-
ing implanted at the level of an already sten-
osed MCA. T his is a possible explanation of 
the observed failure of retreatment, with per-
sistent aneurysm expansion and eventual rup-
ture. A n alternative potential explanation is 
related to the choice of diameter of the second 
Silk device, which was 0.5 mm smaller than the 
first Silk. Although the choice of a smaller de-
vice can theoretically lead to endoleaks, we do 
not think this mechanism was responsible in 
this case, because the 3.5 mm Silk expands to 
4.0 mm when unconstrained, and the first 4mm 
Silk was already constrained to less than 4mm. 
Either way, the large, fatal recurrence of this 
aneurysm despite the presence of coils, a high 
porosity stent, intra-stent stenosis and two FDs 
may be another occasion to question our un-
derstanding of how flows, healing and recur-
rences are related after endovascular treat-
ment 14.

Kulscar et al. 10 described four features com-
mon to aneurysms which ruptured two days to 
five months following flow diversion: a) large 
or giant size; b) symptomatic lesions; c) saccu-
lar morphology with AR > 1.6 (mean AR of 3.1 
± 0.9); and d) inertia-driven aneurysmal inflow. 
They also hypothesized that intra-aneurysmal 
thrombosis was a possible cause of delayed an-
eurysm rupture. T he hemorrhage occurred 
more than one year after flow diversion in the 
present report, after treatment failure and an-
eurysm growth had been documented. Recur-
rences after coiling, stent-assisted coiling, or 
after flow diversion and coiling are always pos-
sible, and one may wonder if this is not one of 

In a 3 mm tube, stenosis of the Silk extremity 
(the device used in the patient reported) did 
not occur when the landing zone was 8 mm 
(1%); it was minimal (10%) at 7 mm, slightly 
more pronounced at 6 mm (24%), and moder-
ate at 4 mm (40%) (Figure 3A).

Discussion

The main finding of this report is that upon 
deployment of oversized flow diverters, landing 
zones of insufficient length may lead to device 
deformation with minimal or moderate termi-
nal stenosis. Even though the stenosis may not 
be flow-limiting, the poor apposition of the de-
vice to the wall of the parent vessel may cause 
thrombo-embolic complications. Furthermore, 
deformation of the FD can be associated with a 
more porous transition zone that can explain 
failures and recurrences. The reported case il-
lustrates both an immediate thrombo-embolic 
complication as a result of proximal device ste-
nosis, and delayed failure of aneurysm occlu-
sion at the level of the distal transition zone.  

When treating complex, wide-necked aneu-
rysms, the diameters of the proximal and distal 
parent vessels can be substantially different. 
The device is often chosen to match the diam-
eter of the usually larger more proximal vessel, 
which may contribute to device deformation. 
Stents of tapering diameter may potentially 
correct this discrepancy. Devices designed with 
flared extremities may also minimize terminal 
stenoses. In general, short landing zones are of-
ten seen as desirable to decrease the number of 
jailed branches or perforating arteries. Here we 
see that these choices can lead to significant 
terminal device stenosis and thrombus forma-
tion. In vitro, a landing zone more than twice 
the diameter of the parent vessel (6-8 mm on 
each side), a longer length than is typically rec-
ommended, was still associated with 10-20% 
stenoses of all devices examined. However, it is 
important to remember that longer landing 
zones may increase the risks of perforator and 
branch occlusion 9-10. 

Although thrombo-embolic complications 
during or immediately after interventions can 
be successfully treated with Abciximab 11, this 
rescue therapy is not without risk. Other treat-
ments in the setting of acute thrombo-embolic 
complications include stent-trievers, such as the 
Solitaire stent, which are increasingly used in 
the management of acute stroke 12. In this case, 
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device stenosis with thrombus formation, and 
formation of a higher-porosity transition zone, 
which can lead to aneurysm recurrences. Care-
ful device selection and provision of sufficient 
landing zones are paramount to minimize com-
plications. 
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those aneurysms that recurs no matter what 
treatment is used. Thus we believe that, in the 
presence of a large recurrence, no other or new 
mechanistic hypothesis is necessary to explain 
the delayed rupture in this particular case.

Conclusion

The self-expanding nature of flow-diverting 
stents leads to a predictable deformation of the 
device. The observed fusiform dilatations of the 
device can have two untoward effects: terminal 
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