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ORIGINAL RESEARCH
INTERVENTIONAL

The FRESH Study: Treatment of Intracranial Aneurysms with
the New FRED X Flow Diverter with Antithrombotic Surface

Treatment Technology—First Multicenter Experience in
161 Patients

D.F. Vollherbst, H. Lücking, J. DuPlessis, M. Sonnberger, C. Maurer, N. Kocer, M. Killer-Oberpfalzer, R. Rautio,
L. Valvassori, A. Berlis, S. Gasser, S. Gatt, A. Dörfler, M. Bendszus, and M.A. Möhlenbruch

ABSTRACT

BACKGROUND AND PURPOSE: Flow diverters with antithrombotic coatings are increasingly used to improve the safety of flow di-
verter treatments of intracranial aneurysms. This study aimed to investigate the safety and short-term efficacy of the new FRED X
flow diverter.

MATERIALS AND METHODS: Medical charts and procedural and imaging data of a consecutive series of patients with intracranial
aneurysms who were treated with the FRED X at 9 international neurovascular centers were retrospectively analyzed.

RESULTS: One hundred sixty-one patients (77.6% women; mean age, 55 years) with 184 aneurysms (11.2% acutely ruptured) were
included in this study. Most aneurysms were located in the anterior circulation (77.0%), most frequently at the ICA (72.7%). The
FRED X was successfully implanted in all procedures. Additional coiling was performed in 29.8%. In-stent balloon angioplasty was
necessary in 2.5%. The rate of major adverse events was 3.1%. Thrombotic events occurred in 7 patients (4.3%) with 4 intra- and 4
postprocedural in-stent thromboses, respectively (1 patient had both peri- and postprocedural thrombosis). Of these thrombotic
events, only 2 (1.2%) led to major adverse events (ischemic strokes). Postinterventional neurologic morbidity and mortality were
observed in 1.9% and 1.2%, respectively. The rate of complete aneurysm occlusion after a mean follow-up of 7.0months was 66.0%.

CONCLUSIONS: The new FRED X is a safe and feasible device for aneurysm treatment. In this retrospective multicenter study, the
rate of thrombotic complications was low, and the short-term occlusion rates are satisfactory.

ABBREVIATIONS: ASA ¼ acetylsalicylic acid; BA ¼ basilar artery; FD ¼ flow diverter; HH ¼ Hunt and Hess; OKM ¼ O’Kelly-Marotta; PcomA ¼ posterior
communicating artery; RROC ¼ Raymond-Roy occlusion classification

The treatment of intracranial aneurysms with flow diverters
(FDs) has emerged as an established treatment option for a

considerable number of aneurysms.1-4 The functional principle
of FDs is based on a dense mesh of stent struts, which diverts the

flow within the target vessel past the aneurysm, eventually leading
to the occlusion of the aneurysm. This relatively high metal cov-
erage of the vessel wall, which is higher compared with conven-
tional intracranial stents, can trigger thrombosis within the FD,
which is a feared complication during and after FD treatments
because it can lead to distal emboli and stent occlusion, eventually
causing ischemic stroke.5,6 An emerging trend in the field of FD
treatment of intracranial aneurysms is the use of FDs with spe-
cific antithrombotic coatings, which aim to reduce the risk of
this potentially harmful complication.7,8 The Flow-Redirection
Intraluminal Device (FRED; MicroVention) is one of the most
frequently used FDs worldwide. Its safety and efficacy were
demonstrated in numerous studies during the past years.2,9-11

After the publication of the FRED pivotal trial, it received FDA
approval in the United States in 2020.12 The FRED X, which was
introduced only recently, is a new version of the FRED. The
novelty of this successor product is the X-technology, a specific
antithrombotic surface treatment that is applied to the stent.

The aim of this multicenter study was to investigate the peri-
and postprocedural safety and the short-term efficacy of the
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new FRED X FD for the treatment of ruptured and unruptured
intracranial aneurysms. The participating centers received the
FRED X as part of a limited market release.

MATERIALS AND METHODS
Study Design
The FRESH study - Treatment of Intracranial Aneurysms with the
New FRED X Flow Diverter with Antithrombotic Surface Treatment
Technology - is a retrospective, multicentric, observational study at
9 international high-volume neurovascular centers. A survey, which
was specifically designed for this study, was completed by the physi-
cians who performed the treatments with the FRED X. On the basis
of these surveys, the clinical, radiologic, and procedural parameters
of patients with ruptured and unruptured intracranial aneurysms
who were treated with the FRED X between January 2020 and
March 2022 were systematically analyzed. The observation period,
including the assessment of postprocedural events and the degree
of occlusion at the latest imaging, was from January 2020 until June
2022. A part of this patient cohort was also included in the
FRED/FRED Jr/FRED X Intracranial Aneurysm Treatment
Study (FRITS; not yet published, ClinicalTrials.gov Identifier:
NCT03920358). The institutional ethics committees approved
this study.

Patient Data
The patient data included age, sex, and the initial clinical presen-
tation. The pre- and posttreatment clinical statuses of the patients
were assessed using the mRS. For patients with an acutely rup-
tured aneurysm, the clinical status was assessed according to the
Hunt and Hess (HH) scale.

Aneurysm Data
The assessed characteristics of the treated aneurysms included the
location of the aneurysm, the aneurysm type (saccular, fusiform,
blister-like, or dissecting), the size of the aneurysm (maximal di-
ameter), and the diameter of its neck. The diameter of the parent
vessel proximal and distal to the aneurysm was also assessed.
Wide-neck aneurysms were defined as those with a neck diameter
of$4mm or aneurysms with a dome-to-neck ratio of,2.

FRED X: Device Characteristics
As mentioned in the beginning of the article, the novelty of the
FRED X is a specific antithrombotic surface treatment. The X-
technology, which is applied to the new FRED X device, is based
on the material poly-2-methoxyethyl acrylate. The nanopolymer
surface treatment is derived from the Xcoating surface treatment
(Terumo), which has also been applied in other cardiovascular
devices, such as oxygenators and arterial filter lines for
.30 years.13,14 The surface treatment comprises an amphiphilic
polymer with a hydrophobic part toward the device and a hydro-
philic part toward the vessel lumen (and blood) or vessel wall,
leading to a boundary layer adjacent to the stent struts, which
aims to reduce protein denaturation and thus platelet adhesion.
Apart from the X-technology surface treatment, the FRED X is
identical to the FRED and FRED Jr with its specific dual-layer
design, comprising a low-porosity inner mesh and a high-poros-
ity outer stent. However, there was a change in the designation of

the devices. For its precursor, the larger devices with a diameter
of $3.5mm, which featured a distal tip and had to be delivered
with a 0.027-inch microcatheter, were named “FRED,” and the
smaller devices with a diameter of #3.0mm, which did not have
a distal tip and could be delivered with a 0.021-inch microcath-
eter, were named “FRED Jr.” In contrast, all sizes of the new de-
vice are named FRED X, while the design of the larger
($3.5mm) and smaller (#3.0) devices (distal tip, microcatheter
compatibility) remained unchanged.

Procedural Parameters
The assessed procedural parameters included the peri-interven-
tional antithrombotic medication, as well as treatment character-
istics, such as the procedure duration, the number of implanted
devices, additional coiling, and the need for in-stent balloon
angioplasty.

Ease of deployment, vessel wall apposition, and radiopacity
of the device were rated overall by the treating interventionalist
for each treatment, using a 5-point scale (1, very poor; 2, poor;
3; intermediate; 4, good; 5, very good). Additionally, the general
performance of the FRED X was compared with its precursor,
FRED/FRED Jr, also using a 5-point scale (1, worse; 2, slightly
worse; 3, equivalent; 4, slightly better; 5, better) for each treatment.

Periprocedural technical difficulties as well as peri- and postin-
terventional adverse events were assessed. The severity of adverse
events was defined as described previously:15 A minor adverse
event was defined as an event that resolved within 7 days without
any clinical sequelae, while a major adverse event was defined as
an ongoing clinical deficit at 7 days following the event. Clinical
evaluation was performed before the procedure, immediately after
the procedure, 24 (66) hours after the procedure, at discharge,
and at follow-up visits.

Follow-up
Clinical and imaging follow-up was performed according to the
individual protocol of the respective centers. At the follow-up vis-
its, the clinical condition of the patients was assessed, and imaging
was performed. In follow-up imaging, the degree of in-stent steno-
sis was assessed and categorized as “not present,” “mild” (defined
as #50% stenosis, compared with the immediate postinterven-
tional diameter), “moderate” (50%–75%), “severe” (.75%), or
“complete occlusion.”

Assessment of the Degree of Occlusion
The grade of aneurysm occlusion immediately after the procedure
was reported according to the O’Kelly-Marotta (OKM) scale.16

Because invasive angiography was not available for all follow-ups,
the grade of occlusion at the latest follow-up was reported accord-
ing to the Raymond-Roy occlusion classification (RROC) for all
patients.17 Adequate occlusion was defined as complete occlusion
or residual neck (OKM C and D and RROC I and II).

RESULTS
One hundred sixty-one consecutive patients with 184 aneurysms
treated with the FRED X device were included in this study.
Patient and aneurysm characteristics are summarized in Table 1.
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Results subdivided into unruptured and ruptured aneurysms are
summarized in the Online Supplemental Data.

Patient Characteristics
The mean age of the patients was 55.1 years, and 77.6% were
women. The median pretreatment mRS was 0 (first quartile; third
quartile, 0; 0) (mRS 0 in 126 patients [78.3%], mRS 1 in 24
[14.9%], and mRS 4 in 1 [0.6%]). The patient with mRS 4 pre-
sented with a subacute brainstem infarction caused by a large,
fusiform, unruptured aneurysm of the basilar artery (BA). Of the
18 patients (11.2%) who presented with an acutely ruptured aneu-
rysm, the HH scale was 1 (first quartile; third quartile, 1; 2.5) (HH
1 in 8 patients [53.3%], HH 2 in 3 patients [20.0%], HH 3 in 2
patients [13.3%]. and HH 5 in 2 patients [13.3%]). In 100 patients
(62.1%), the aneurysm was incidental and asymptomatic.

Aneurysm Characteristics
Most patients (89.4%) had only 1 aneurysm treated with the FRED
X, while in 8.1%, 2 aneurysms, and in 1.2%, 3 aneurysms were
treated. The most frequent aneurysm location was the ICA (72.7%),

followed by the BA (8.1%) and the MCA (6.2%). The mean aneu-
rysm size was 7.8mm, ranging from 1-mm blister-like to 46-mm
giant aneurysms. Most aneurysms had a wide neck (90.1%), a sacc-
ular shape (81.4%), and were sidewall aneurysms (84.5%).

Antiplatelet Therapy
Pre-, intra-, and postprocedural platelet inhibition and testing of
the thrombocyte aggregation response were managed according
to local standards of the respective institutions. Platelet reactivity
testing was performed in 91.9% of the patients. The most com-
mon antiplatelet medications were acetylsalicylic acid (ASA) plus
clopidogrel (62.4%), ASA plus prasugrel (21.0%), and ASA plus
ticagrelor (6.4%). Patients with acute aneurysmal SAH received
periprocedural tirofiban, followed by double-antiplatelet therapy
after the treatment.

Treatment
The treatment characteristics are summarized in Table 2 and the
Online Supplemental Data. Two example cases are illustrated in
Figs 1 and 2.

Table 1: Patient and aneurysm characteristicsa

Characteristics
Patient age (mean) (range) (yr) 55 (SD, 12) (27–79)
Clinical presentation Incidental Regrowth/persistent

aneurysmb
SAH Headache Co-incidentalc Diplopia Other

100 (62.1%) 20 (12.4%) 18 (11.2%) 9 (5.6%) 6 (3.7%) 3 (1.9%) 5 (3.1%)

Aneurysm location ICA BA MCA VA Other
117 (72.7%) 13 (8.1%) 10 (6.2%) 9 (5.6%) 12 (7.5%)

Aneurysm sized (mean) (range) (mm) 7.8 (SD, 6.3) (1.0–46.0)
Neck diameter (mean) (range) (mm) 4.7 (SD, 3.8) (1.0–36.0)
Dome-to-neck ratio (mean) (range) 1.7 (SD, 0.9) (0.4–7.5)
Diameter of the parent artery proximal
and distal to the aneurysm mean)
(range) (mm)

Proximal Distal
3.5 (SD, 0.8) (1.5–7.0) 3.1 (SD, 0.7) (1.2–5.2)

Aneurysm type Saccular Blister-like Fusiform Dissecting
131 (81.4%) 14 (8.7%) 11 (6.8%) 5 (3.1%)

Sidewall or bifurcation aneurysm Sidewall Bifurcation
136 (84.5%) 25 (15.5%)

a Data are as mean (minimum–maximum) or absolute number of cases (relative frequency in %).
b Persistent aneurysm after previous treatment.
c Aneurysm diagnosed because of a ruptured intracranial aneurysm elsewhere.
dMaximal diameter.

Table 2: Treatment parametersa

Parameters
Aneurysms treated in the respective
treatment session

1 2 3 4
144 (89.4%) 13 (8.1%) 2 (1.2%) 2 (1.2%)

Ease of deploymentb Very poor Poor Intermediate Good Very good
0 (0%) 1 (0.6%) 1 (0.6%) 12 (7.5%) 147 (91.3%)

Vessel wall appositionb Very poor Poor Intermediate Good Very good
0 (0%) 0 (0%) 2 (1.2%) 8 (5.0%) 151 (93.8%)

Radiopacityb Very poor Poor Intermediate Good Very good
0 (0%) 0 (0%) 0 (0%) 59 (36.7%) 102 (63.4%)

Performance compared with FRED/FRED Jrb Worse Slightly worse Equivalent Slightly better Better
0 (0%) 0 (0%) 154 (96.3%) 6 (3.8%) 0 (0%)

Additional coiling 48 (29.8%)
In-stent balloon angioplasty 4 (2.5%)

a Data are absolute number of cases (relative frequency in %).
b Rated as an overall score for each treatment (not for each implanted FD).
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One hundred sixty-seven FRED X devices were implanted in
161 treatment sessions (1 FD was implanted in 155 treatments,
and 2 FDs in 6 treatments) with a mean duration of 80.2 [SD,
47.5]minutes. A FRED X FD could be successfully implanted as
planned in all treatments. Recapturing or repositioning of the de-
vice was required in 14.3% of the treatments. Additional coiling
of the aneurysm was performed in 29.8%. The reasons for addi-
tional coiling were large aneurysm size, irregular aneurysm shape,
and aneurysmal hemorrhage. In-stent balloon angioplasty to
improve the vessel wall apposition was performed in 2.5%.

The ease of deployment was rated “good” or “very good” in
98.8%. It was rated “poor” in 1 case (0.6%) in which the stent
kinked at a sharp curve in the vessel. Vessel wall apposition was
rated good or very good in 98.8%. Radiopacity was rated good or
very good in all cases (100%). When we compared the FRED X
with its precursor, it was rated “equivalent” in 96.3% and “slightly
better” in 3.8%.

Adverse Events and Complications
Asymptomatic and symptomatic adverse events are presented
in detail in the Online Supplemental Data and summarized in
Table 3.

Intraprocedural technical adverse events occurred in 5 treat-
ments (3.1%) and consisted of 2 cases of inadvertent stent short-
ening, as well as stent kinking, insufficient stent opening, and coil
migration in 1 case, respectively. All of these adverse events were
asymptomatic.

Most (95.8%) of recorded symptomatic adverse events occurred
postinterventionally. Minor adverse events occurred in 13.0% of
the patients. Nine of 21 of these events were neurologic, resulting
in a minor neurologic adverse event rate of 5.6%. Major adverse
events (2 ischemic strokes, 1 intracerebral hemorrhage, 1 mass
effect of the aneurysm, and 1 case of vasospasms caused by a prein-
terventional aneurysmal SAH) were observed in 5 patients (3.1%),
leading to neurologic morbidity in 3 (1.9%) and death in 2 patients
(1.2%). All these major adverse events were neurologic complica-
tions. One of the major adverse events was a major ischemic
stroke, which occurred 2 weeks after an uneventful treatment of an
unruptured posterior communicating artery (PcomA) aneurysm,
due to severe in-stent thrombosis, leading to hemodynamic cere-
bral infarctions. This patient had a good response to ASA and clo-
pidogrel in the reactivity testing before treatment. Treatment in
this case was performed with tirofiban, which led to a resolution of
the thrombus, followed by oral medication with ASA in

combination with prasugrel. The patient was discharged with mRS
3 and recovered to mRS 2 at 6months after treatment. The second
patient who had neurologic morbidity presented with a large BA
aneurysm causing brainstem infarctions, which increased after the
FD treatment (worsening of pre-existing stroke), without any evi-
dence of thrombus formation. Of the patients who died, 1 patient
with an enlarging giant BA aneurysm died due to increasing mass
effect despite the treatment. The second case of mortality occurred
in a patient with aneurysmal SAH, who developed an intracerebral
hemorrhage located adjacent to the external ventricular drainage.
Consequently, tirofiban had to be stopped, which led to occlusion
of the stent in the ICA, eventually leading to cerebral infarction
and death.

Postinterventional visual disturbances occurred in 5 patients
(3.1%). In all of these patients, an aneurysm of the ICA was
treated with an FD, which covered the ophthalmic artery.

A total number of 8 thrombotic events was reported in 7
patients (4.3%). In 4 of these, slight in-stent thrombosis was
observed during treatment, which was immediately treated with
tirofiban, leading to complete resolution of the thrombus in all
cases without any clinical sequelae. Postinterventional in-stent
thrombosis occurred in 1 of the 4 patients with intraprocedural
thrombosis (despite complete intraprocedural thrombus resolution
after tirofiban administration and after discontinuation of ticagre-
lor intake by the patient) and in 3 further patients with an unevent-
ful treatment procedure. One of these patients developed an
asymptomatic stent occlusion. Another stent thrombosis occurred
after stopping tirofiban due to an intracerebral hemorrhage as
described above. Apart from this patient, only 1 thrombotic event
resulted in a major adverse event: the case of a major stroke that is
described in more detail above.

Clinical Follow-up
Two patients died during the follow-up (listed under adverse
events and complications), resulting in a mortality rate of 1.2%.
The mean mRS at the latest follow-up, which was available for 133
patients, was 0.4 (SD, 1.0) (mRS 0 in 102 patients [76.7%], mRS 1
in 18 [13.5%], mRS 2 in 8 [6.0%], mRS 3 in 4 [3.0%], and mRS 6
in 2 [1.5%]). Deterioration of the mRS (compared with the prein-
terventional scale) was observed in 11 patients; 4 deteriorations
were related to the procedure or the underlying disease (see
adverse events and complications). For the remaining patients,
mRS deterioration was caused by non-neurologic conditions.

Table 4: Occlusion ratesa

Occlusion rates
Occlusion at latest follow-upb I: Complete occlusion II: Residual neck III: Residual aneurysm

94 (66.2%) 24 (16.9%) 24 (16.9%)
a Data are absolute number of cases (relative frequency in %).
b Imaging follow-up was available for 142/161 patients with a mean follow-up period of 7.0 months, reported according to the RROC.

Table 3: Adverse events and complicationsa

Adverse events/complications
Adverse event Technical periprocedural

adverse event
Minor adverse event Major adverse event Neurological morbidity Mortality

5 (3.1%) 21 (13.0%) 5 (3.1%) 3 (1.9%) 2 (1.2%)
a Data are absolute number of cases (relative frequency in %).
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Imaging Follow-up
Imaging follow-up was available for 145 of the 161 patients (90.1%),
with a mean imaging follow-up period of 7.0 (SD, 4.3)months. The
patients without follow-up imaging refused further imaging, were
lost to follow-up, or died.

The imaging technique was invasive conventional angiogra-
phy and MR imaging in 22.1%, conventional angiography alone
in 14.5%, MR imaging and flat panel CT in 28.3%, MR imaging
only in 30.3%, and flat panel CT only in 4.8%.

During follow-up, in-stent stenosis or stent occlusion was
observed in 17 patients (10.6%). Most of these cases (14/17,
82.4%) were only mild stenoses. There were 2 cases of moderate
in-stent stenosis and 1 case of complete stent occlusion. Of all
these cases, only 1 patient was symptomatic: the above-men-
tioned patient with major stroke due to in-stent thrombosis.
The moderate in-stent stenosis persisted in the latest follow-up
imaging.

Aneurysm Occlusion
The aneurysm occlusion rates are summarized in Table 4. The im-
mediate postinterventional occlusion rates were as follows: OKM
A1 in 19.9%, A2 in 23.0%, A3 in 20.5%, B1 in 2.5%, B2 in 5.6%, B3
in 13.7%, C1 in 1.2%, C2 in 5.0%, C3 in 4.4%, and D in 4.4%.

At the latest follow-up, aneurysm
occlusion rates were as follows: RROC I
in 66.2%, RROC II in 16.9% and RROC
III in 16.9%, resulting in a rate of
adequate aneurysm occlusion of 83.1%.

DISCUSSION
FDs have increasingly become a treat-
ment option for cerebral aneurysms
with the drawback of a higher metal
density being potentially more throm-
bogenic than conventional stents. In
this multicenter cohort, the first study
reporting on the new FRED X with
antithrombotic surface treatment, the
FD showed a satisfactory safety profile
and proved to be effective judged by
short-term aneurysm occlusion.

As explained, the only modification
of the FRED X toward its precursor is
the new antithrombotic surface treat-
ment. In this study, thrombotic compli-
cations occurred in 7 of 161 patients,
resulting in a thrombotic complication
rate of 4.3%, of which only 2 led to a
major adverse event (one occurring after
a necessary discontinuation of antiplate-
let therapy because of an intracerebral
hemorrhage). This low but still consid-
erable number of thrombotic events
indicates that even when using devices
with antithrombotic coatings, high
awareness is still mandatory for both
peri- and postprocedural thromboses.

In recent studies on the FRED and FRED Jr, the rate of thrombotic
complications was slightly higher. In the Safety and Efficacy
Analysis of FRED Embolic Device in Aneurysm Treatment
(SAFE) study, the pivotal study for the FRED in France (published
in 2019),18 thromboembolic complications occurred in 7/103
patients (6.8%). In the US pivotal trial (2022), device thrombosis
was reported in 12/145 patients (8.3%).19 These thrombotic events
rates are also in line with reported data for other FDs, such as the
Pipeline Embolization Device (PED; Medtronic). A meta-analysis,
comprising data of 1110 patients, focusing on thrombotic compli-
cations after PED treatment reported an overall rate of 7.0%
thrombotic events.20 The new antithrombotic surface treatment
might serve as an explanation for the slightly lower thrombotic
complication rate in this study. However, the FRESH study was
based on a retrospective, self-adjudicated analysis, the cohort in
our study was heterogeneous, and there was no control group con-
sisting of patients treated with the precursor devices, preventing a
direct comparison of these studies and the devices regarding
thrombogenicity. Prospective trials are warranted to further assess
the safety of the FRED X and its potential to reduce the rate of
thrombotic complications compared with conventional FDs.

The nonthrombotic complications in this study (minor
adverse events in 13.0% and major adverse events in 3.1%) are

FIG 1. Treatment of an incidental aneurysm of the ICA with the FRED X. The preinterventional
angiography including 3D reconstructions (A–C) showed a saccular sidewall aneurysm of the right
ICA in an asymptomatic patient. A FRED X FD was placed in the parent artery, covering the aneu-
rysm neck (D–F). On the angiography 13months after the treatment (G–I), the aneurysm was com-
pletely occluded.
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similar to those reported in previous studies for the FRED and
FRED Jr. In the largest study reporting on the FRED, the
European Flow-Redirection Intraluminal Device Study, compris-
ing data of 531 patients, the rate of complications and adverse
events was 14%.9 In the above-mentioned US pivotal trial, the
composite primary safety end point of major stroke or death
within 30days or major ipsilateral stroke or neurologic death after
30 days was met by 6.2% of the patients.

Because the FRED X is technically identical to the FRED and
FRED Jr, despite the antithrombotic surface treatment, it is con-
sistent that the occlusion rates in this study are similar to those
reported for its precursor. The rate of complete occlusion at a
mean follow-up of 7.0months was 66.2% in our cohort. In the
European Flow-Redirection Intraluminal Device Study, the com-
plete occlusion rate was 82.5% at 6months and 91.3% at 1 year.
For the above-mentioned pivotal trials, the complete occlusion
rate was 61.1% at 6months and 73.3% at 1 year for the French
study18 and 62.9% at 1 year for the US study.19 Occlusion rates of

studies reporting on the PED are also in
line with those of our study. A recent
work reported a 77.9% complete occlu-
sion rate for the new Pipeline Vantage,21

while in the Pipeline for Uncoilable or
Failed Aneurysms (PUFs) trial, the early
rate of complete occlusion was 73.6% at
180days,22 reaching 95.2% at 5 years.23

The relatively high rate of additional
coiling in our study (30.0%) must be
considered when comparing our results
with those in other studies. Future stud-
ies with long-term follow-up are needed
to further assess the efficacy of the
FRED X.

We acknowledge that this work has
several limitations. This study was per-
formed retrospectively and was based
on a survey that was completed by the
treating physicians, without data or
imaging analysis by an independent
core lab, indicating an inherent selection
and reporting bias. Despite the relatively
high number of patients in this study,
the data are quite heterogeneous (eg,
different aneurysm locations, high rate
of additional coiling). However, the use
of the FRED X in this study reflects a
real-world experience, not being limited
to a certain aneurysm location or rup-
ture status. The treatments in this study
were performed in the context of a lim-
ited market release to a few high-volume
neurovascular centers that were selected
by the manufacturer. The results may
vary when the device is available freely
to other centers. Furthermore, the rate
of patients with follow-up conventional
angiography was only 36.6%, and the

follow-up period in this study was relatively short, due to the nov-
elty of the device.

CONCLUSIONS
The FRED X is a safe and feasible FD for treatment of ruptured and
unruptured intracranial aneurysms. With its new antithrombotic
surface treatment, the rate of thrombotic complications was rela-
tively low, and the short-term efficacy is promising.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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