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INTRODUCTION

Endoluminal vessel reconstruction treatment with a flow diverter (FD) stent has been a 
promising endovascular therapeutic modality for challenging intracranial aneurysms at various 
locations. The FD is a low porosity metal stent that can decrease the velocity and pressure of 
intra-aneurysmal blood flow and lead to delayed thrombosis with reconstruction of the parent 
artery. Moreover, they provide a scaffold for endothelialization across an aneurysm neck by 
diverting blood flow away from the aneurysmal sac, resulting in clotting of the aneurysm.[11] The 
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flow-redirection endoluminal device (FRED; MicroVention 
Inc., Aliso Viejo, CA, USA) is one of the FDs with a paired, 
integrated dual-layer self-expanding braided design, which 
was released for clinical use in Europe in 2012. It has a high 
occlusion rate (complete and near-complete occlusion rate of 
97.2% at a median follow-up of 10.8 months) and relatively 
low rates of complications, such as hemorrhagic (0.8%) and 
thromboembolic complications (5.3%).[8] Apart from the 
two aforementioned complications, FD migration has been 
an unusual complication. It may occur in both acute and 
delayed phases following treatment, and sometimes lead to 
symptomatic complications, such as aneurysm rupture and 
thromboembolic events.[2,3,5,16] To date, the types of FDs with 
the reported complication of stent migration are the pipeline 
embolization device (PED; Covidien/ev3, Irvine, CA, USA) 
and the SILK FD (Balt Extrusion, Montmorency, France).[2-

5,10,13,16] Considering migration of the FRED, Gawlitza et al. 
first reported a distal migration case of the FRED. However, 
they bridged with two telescoping FDs using a p64 (Phenox, 
Bochum, Germany) (distal side) and a FRED (proximal side). 
Six days after stenting, they incidentally identified distal 
migration of the FRED with its proximal part floating in the 
aneurysm without evident clinical symptoms.[6] We report 
a case of acute distal migration of a single FRED secondary 
to in-stent thrombi with symptomatic ischemic stroke and 
review the literature on the distal migration of FDs.

CASE REPORT

A 35-year-old woman was incidentally diagnosed with a left 
unruptured internal carotid-ophthalmic artery aneurysm 
with a maximum size of 6.1  mm and neck size of 3.6  mm 
[Figures 1a and b]. Endovascular treatment with FRED was 
scheduled. Two weeks before treatment, the patient was 
premedicated with 100  mg aspirin and 75  mg clopidogrel 
daily. The day before the procedure, using the VerifyNow 
point-of-care platelet assay (Accumetrics, San Diego, CA, 
USA), the aspirin reaction unit and P2Y12 reaction unit 
(PRU) were measured at 493 and 192, respectively. Both 
values were considered to be within adequate platelet 
inhibition function, and no preoperative enhanced 
antiplatelet therapy was needed.[1]

Under general anesthesia, a 7-French shuttle sheath (Cook 
Medical, Bloomington, IN, USA) was placed with a coaxial 
system at the cervical portion of the left internal carotid 
artery (ICA) through the right femoral site. A  Headway27 
microcatheter (MicroVention Inc.) was navigated distal to 
the aneurysm using a microguidewire (ASAHI CHIKAI 
14; Asahi Intecc Co., Ltd., Aichi, Japan). Moreover, the 
SOFIA SELECT EX (MicroVention Inc.) was used as a 
distal access catheter. The size of the FRED was determined 
according to the diameter of the ICA vessel proximal 
(3.3  mm) and distal (3.2  mm) to the aneurysm. A  3.5  mm 

diameter and 17  mm long FRED was adequately deployed 
through the microcatheter across the neck of the aneurysm 
under appropriate therapeutic heparinization [Figure  2a]. 
Post deployment angiography revealed intra-aneurysm 
contrast stagnation after FRED deployment [Figure 2b]. Full 
expansion of the FRED was confirmed using cone-beam 
computed tomography angiography. The patient awoke 
without any neurological symptoms.

However, only 1  h following the procedure, the patient 
presented with conjugate deviation toward the left side, right 
severe hemiparesis, and total aphasia. Diffusion-weighted 
magnetic resonance imaging (MRI) revealed no evident 
acute cerebral infarction. However, magnetic resonance 
angiography revealed the aneurysm, which meant that the FD 
was no longer covering the aneurysm. Furthermore, a signal 
defect of the left ICA terminus, which meant that the FD was 
located there, and decline of the flow of the left peripheral 
middle cerebral artery (MCA) [Figure 3] were also observed 
by magnetic resonance angiography. Immediately, after 
the MRI, angiography was promptly performed, although 
the patient’s symptoms gradually improved. An angiogram 
revealed some in-stent thrombi with distal migration of the 

Figure 1: A 35-year-old woman with an unruptured internal 
carotid-ophthalmic artery aneurysm with a maximum size 
of 6.1  mm and a neck size of 3.6 mm. (a and b) Initial three-
dimensional reconstruction of digital subtraction angiography and 
normal angiogram, respectively.

ba

Figure 2: A flow-redirection endoluminal device (FRED) 
was adequately deployed with good coverage of the neck (a). 
Postdeployment angiography revealing intra-aneurysm contrast 
stagnation (b). The orange circles indicate each flair end of the 
FRED. The blue arrow shows the aneurysm.

ba
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FRED [Figures 4a and b]. Initially, one of the left M2 inferior 
trunk branches was occluded by an embolic thrombus, and 
the left temporo-occipital area was avascular [Figure  5a]. 
However, during the preparation of recanalization, the 
thrombus spontaneously migrated distally, and the flow 
gradually improved without any specific treatment. The final 
angiogram revealed almost complete recanalization, except 

for the delay of the flow in the left MCA temporo-occipital 
area [Figures 5b and c]. At that time, the patient’s symptoms 
completely improved. Thus, we administered a bolus of 
20 mg prasugrel per oral and intravenous drip of argatroban, 
leaving the migrated stent in situ. The MRI on the day after 
the treatment revealed only a small cerebral infarction in the 
left temporo-occipital area without any evident neurological 
symptoms [Figure 6].

DISCUSSION

This case report describes the acute distal migration of 
a single FRED resulting from in-stent thrombi causing 
ischemic stroke. Among FD migration cases, FRED 
migration has almost never been reported. Furthermore, 
the clinical appearance of the neurologic symptoms enabled 
extremely early confirmation of the stent migration shortly 
after treatment.

Spontaneous migrations of the FD have been reported both 
early and late, that is, from immediately after treatment 
to 14  months following treatment.[3,5,6,10,16] Proximal FD 
migration during treatment or shortly after treatment 
is a frequent intraoperative complication observed in 
up to 12% of cases, and it rarely generates neurological 
symptoms.[2] Proximal FD migration has also been considered 
a delayed complication, frequently presenting with aneurysm 
recurrence due to incomplete coverage of the aneurysm 
neck.[2,3,10,15,16] A chief cause of proximal FD migration is 
elongation of the device during deployment, which may 
lead to spontaneous foreshortening.[5,10] Moreover, as causes 
of both proximal and distal migrations, the significant 
mismatch (>1 mm) between the inflow and outflow vessels 
has been considered important.[2] In that case, the smaller 
vessel end of the stent cannot be fully flared to enhance the 
apposition of the stent. Consequently, a constant squeezing 
force can occur at the end of the stent.[3] Large aneurysms 
with long neck or fusiform aneurysms may also decrease 
the surface area of the stent landing zone and increase the 
risk of stent migration.[16] Some studies have reported the 

Figure 4: The left internal carotid angiography revealing some 
in-stent thrombi (red arrow) (a) and distal migration of the flow-
redirection endoluminal device (FRED) (b). The orange circles 
indicate each flair end of the distally migrated FRED. The blue 
arrow indicates the aneurysm.
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Figure 5: One of the left M2 inferior trunk branches was occluded by an embolic thrombus (red arrow) (a). The thrombus spontaneously migrated 
distally (red curved arrow). Final angiogram showed almost complete recanalization except for the left temporo-occipital area (red circle)  
(b and c).
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Figure 3: Magnetic resonance angiography shortly after the flow-
redirection endoluminal device deployment and occurrence of the 
neurological deficits (a) revealed the aneurysm (yellow circle) and 
signal defect of the left internal carotid artery terminus with decline 
of the left peripheral middle cerebral artery (b).

a b
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following preventive measures for migration: using longer 
FDs, appropriate device diameter sizing (0.25–0.5 mm larger 
than the distal parent vessel), avoiding excessive stretching 
of the device, obtaining complete expansion of the stent, and 
using adjunctive coiling to prevent the FD from prolapsing 
into large aneurysms.[2,3,16]

Compared with proximal migration, distal migration 
of an FD is rare. Apart from our case, seven cases 
of distal FD migration have been identified in the 
literature [Table  1].[3,4,6,13,16] Limited to an acute period 
of FD migration, proximal migration may occur more 

frequently because of the foreshortening mechanism. There 
are only two reported cases of distal migration of the FD 
in an acute setting (within 24  h), including our case.[5] In 
both cases, the acute distal migrations were recognized by 
the patients’ symptoms of thromboembolic stroke shortly 
following stent placement. Considering the factors of distal 
migration, in addition to the aforementioned factors, in-
stent thrombus formation has also been reported.[4,5,16] Tsai 
et  al. reported that microthrombus formation on the FD 
may increase the dragging force on the stent and ultimately 
lead to distal migration.[16] In our case, the aneurysm was 

Table 1: Cases of distal migration of the flow diverter in the literature.

Journal Age 
(years)/

sex

Location Maximum 
size (mm)

Parent 
artery 
diameter 
(inflow/
outflow) 
(mm)

Type of 
FD

FD size 
(mm)

When 
confirmed 
(after 
treatment)

Thromboembolic 
stroke

Aneurysm 
neck 
coverage 
after 
migration

Our case, 
2021

35/F ICA 
ophthalmic

6.1 3.3/3.2 FRED 3.5×17 1 h Yes Not 
covered

Chalouhi  
et al., 
2013

50/M MCA 12.7 3.2/2.5 PED 3.0×16 5 months Yes (M1 
occlusion)

Proximal 
part of 
the stent 
within the 
aneurysm 
sac

Dornbos 
 et al., 
2017

24/F ICA 
paraclinoid

5.0 Not 
reported

PED 3.5×12 Immediately 
after waking 
up from 
general 
anesthesia

Yes (ICA 
occlusion)

Not 
covered

Cohen  
et al., 
2014

11/F ICA 
ophthalmic 

Not 
reported

Not 
reported

SILK Not 
reported

1.5 months No Still 
covered

Navarro 
 et al., 
2014

Not 
reported

BA‑SCA Not 
reported

Not 
reported

PED 4.0×14 Not 
reported

No Only 
partially 
covered

Tsai  
et al., 
2018

42/F ICA 
communicating

13.0 3.0/2.6 PED 3.0×18 3 months Yes Not 
covered

Tsai  
et al., 
2018

74/F ICA cavernous 19.0 4.6/3.6 PED 4.75×20 3 months No Proximal 
part of 
the stent 
within the 
aneurysm 
sac

Gawlitza  
et al., 
2018

76/F ICA cavernous 38.0 not reported p64 
(distal) 
FRED 
(proximal)

5.0×24
5.0×26

6 days No FRED 
floating 
freely 
in the 
aneurysm 
sac

M: Male, F: Female, ICA: Internal carotid artery, MCA: Middle cerebral artery, BA‑SCA: Basilar artery‑superior cerebellar artery, FD: Flow diverter,  
FRED: Flow‑redirection endoluminal device, PED: Pipeline embolization device
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not large and there was no significant difference between the 
distal and proximal vessel diameters. Therefore, migration 
could be affected by an in-stent thrombus as an underlying 
thrombotic pathology. In fact, our case presented with some 
in-stent thrombi and MCA branch occlusion by an embolic 
thrombus, which must have occurred within the FRED. 
Given our patient’s initial severe symptoms and spontaneous 
improvement, ICA or M1 occlusion by a larger thrombus 
could have occurred. Fortunately, the thrombus might 
have spontaneously migrated distally, which resulted in the 
gradual improvement of the patient’s symptoms. Regarding 
initial images on the clinical appearance of neurologic 
deficits following distal migration of an FD, in the present 
case, MRI images were checked first. After checking the 
MRI images, angiography was promptly performed. A policy 
where computed tomography is performed first to check 
for an intracranial hemorrhage may also be good because 
the time required to obtain MRI images is generally longer. 
In the absence of an hemorrhage, prompt angiography to 
evaluate for the presence of a thromboembolic stroke and 
correct positioning of the stent should be performed.

Among all types of FDs, the FRED is the only dual-layered 
type nitinol device consisting of a low porosity inner mesh 
with higher pore attenuation (48 nitinol wires) and an outer 
stent with high porosity (16 nitinol wires). An interwoven 
double helix of radiopaque tantalum strands attaches the 
inner mesh to the outer stent and improves visibility over 
its full length of dual-layer coverage.[12] Considering the 
thrombogenicity, Hagen et al. compared FRED with PED 
as a representative of single-layered FDs in an ex vivo shunt 
model. They demonstrated that FRED showed a trend toward 
greater platelet accumulation in the absence of clopidogrel, 
which may indicate the effectiveness of clopidogrel in the 

use of FRED. They also identified FRED as having more 
fibrin-driven thrombogenicity than a PED, even under 
the administration of dual antiplatelet therapy (DAPT; 
acetylsalicylic acid [ASA] with clopidogrel). Reportedly, the 
finding resulted from the unique design of the FRED: the 
separation design between the two layers could potentially 
lead to localized disturbed flow conditions, which could 
entrap activated platelets and serve as a nidus for further 
thrombus growth.[9] Girdhar et al. also reported the high 
thrombogenicity of the FRED using an in vitro human blood 
physiological flow loop model. They confirmed that a large 
amount of thrombus accumulated in the spaces between 
the two layers (<100 µm on average) using sectional high-
resolution scanning electron microscopy.[7] Thus, in our case, 
the high thrombogenicity of the FRED can cause in-stent 
thrombus formation and finally lead to distal migration of 
the FRED. In general, the use of FDs requires perioperative 
systemic heparinization and DAPT before and for at least 
3 months following treatment. Unlike ASA, clopidogrel has 
widely variable effects on platelet activity in response to 
individual cytochrome P450 CYP2C19 activity, which can 
potentially reduce the antiplatelet effect.[14] In the present 
case, the preoperative PRU value was 193. Considering the 
high thrombogenicity of the FRED, especially in the case of 
insufficient administration of clopidogrel,[9] the preoperative 
PRU values may need to be managed more strictly to prevent 
distal migration of the FRED. Further prospective studies 
are needed to clarify the association between the high 
thrombogenicity of the FRED and distal migration of the FD.

CONCLUSION

Distal migration of an FD in an acute setting, including the 
FRED, may occur even following appropriate placement. 
In-stent thrombosis can cause distal stent migration and 
thromboembolic stroke.
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